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Chapter 1. Executive Summary 
 
Consuming a healthy diet can help individuals achieve and maintain a healthy weight, reduce the risk of developing 
chronic diseases, and promote good health. Research in the field of nutrition often focuses on single nutrients, foods, 
and/or food groups. While looking at components of the diet individually is important to examine the effects of 
various aspects of the diet on health, foods and nutrients are eaten in a variety of combinations and can have 
interactive and potentially cumulative or confounding relationships. Thus, when developing guidance on the types of 
foods, beverages, and nutrients to consume, it is important to consider research on individual components of the diet, 
as well as research that examines dietary patterns. For the purpose of this systematic review project, a dietary pattern 
is defined as the quantities, proportions, variety, or combination of different foods, drinks, and nutrients (when 
available) in diets, and the frequency with which they are habitually consumed. As noted in the 2010 Dietary 
Guidelines for Americans,1 there are several ways that a healthy diet can be achieved. The purpose of this project 
was to examine the relationship between dietary patterns and outcomes of public health concern. 
 
Background and Methodology 
USDA’s Nutrition Evidence Library (NEL) conducted these systematic reviews. The NEL uses a rigorous, 
transparent, and reproducible methodology to conduct systematic reviews on food- and nutrition-related topics to 
support Federal nutrition policies and programs. The six-step process includes: 
 

1. Systematic review question development 
2. Literature search, screening, and selection 
3. Data extraction and quality assessment 
4. Describing the evidence and evidence synthesis 
5. Developing conclusion statements and grading the evidence 
6. Identifying research recommendations. 

 
This NEL systematic review project was planned, organized, and guided by a NEL Systematic Review Management 
Team composed of Federal nutritionists trained in systematic review methodology. The NEL Systematic Review 
Management Team worked with a Technical Expert Collaborative (TEC) that consisted of seven national nutrition 
experts with knowledge in various aspects of dietary patterns. A broad range of expertise was needed to address 
specific issues related to the topic of dietary patterns and to guide synthesis of the body of evidence to answer the 
systematic review questions posed. A Stakeholder Group, which included Federal employees who represented end-
users of the review and possessed varying perspectives and expertise related to dietary patterns, provided input 
throughout the process.  
 
Systematic Review Questions 
At the initiation of the project, the NEL held a workshop with the TEC members, Stakeholder Group, and invited 
speakers to discuss the various methodologies used to assess dietary patterns and to help inform the approach for the 
project. Following the workshop, the TEC identified and prioritized specific systematic review questions addressing 
dietary patterns and outcomes of public health concern. The NEL Systematic Review Management Team helped to 
focus the questions on outcomes of public health importance that could potentially inform Federal nutrition policies 
and programs. The questions were also reviewed by the Stakeholder Group to ensure that they were relevant to 
policy needs.  
 

                                                           
1 U.S. Department of Agriculture and U.S. Department of Health and Human Services. Dietary Guidelines for Americans, 2010. 
7th

 
Edition, Washington, DC: U.S. Government Printing Office, December 2010. 
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The systematic review questions included in this project were organized based on (1) dietary pattern methodology 
and (2) health outcomes: 

• Dietary pattern methodology: Dietary patterns can be assessed in a number of ways, including numerical 
indices designed to gauge adherence to a particular pattern (e.g., Healthy Eating Index [HEI]) or data-
driven approaches that use mathematics to empirically derive food intake patterns inherent among the study 
population (e.g., factor or cluster analysis) (appendix A). Dietary patterns can also be tested in trials or 
observed in observational studies. Because each methodology provides information about dietary patterns 
from a different perspective, the systematic review questions included in this project were organized based 
on dietary pattern assessment: (1) index analysis, (2) factor/cluster analysis, (3) reduced rank regression, 
and (4) other methods.  

• Health outcomes: The TEC identified three top priority outcomes for consideration: (1) body weight and 
obesity, (2) cardiovascular disease, and (3) type 2 diabetes. For each outcome, specific intermediate and 
clinical outcomes were defined (appendix B). A fourth outcome, cancer, was also identified but was not 
completed.  

In total, 12 systematic review questions were completed in this project:  

Body Weight or Risk of Obesity 

1. What is the relationship between adherence to dietary guidelines/recommendations or specific dietary 
patterns, assessed using an index or score, and body weight or risk of obesity?  
• A priori index 

2. Are prevailing patterns of diet behavior in a population related to body weight or risk of obesity? 
• Factor analysis, principal component analysis; cluster analysis 

3. What combinations of food intake explain the most variation in a risk of obesity? 
• Reduced rank regression; discriminant analysis 

4. What is the relationship between adherence to a specific dietary pattern and body weight or risk of obesity?  
• Included studies that did not use the methodologies captured in the other systematic review questions 

Risk of Cardiovascular Disease 

5. What is the relationship between adherence to dietary guidelines/recommendations or specific dietary 
patterns, assessed using an index or score, and risk of cardiovascular disease?  
• A priori index 

6. Are prevailing patterns of diet behavior in a population related to risk of cardiovascular disease? 
• Factor analysis, principal component analysis; cluster analysis 

7. What combinations of food intake explain the most variation in a risk of cardiovascular disease? 
• Reduced rank regression; discriminant analysis 

8. What is the relationship between adherence to a specific dietary pattern and risk of cardiovascular disease?  
• Included studies that did not use the methodologies captured in the other systematic review questions 

Risk of Type 2 Diabetes 

9. What is the relationship between adherence to dietary guidelines/recommendations or specific dietary 
patterns, assessed using an index or score, and risk of type 2 diabetes?  
• A priori index 

10. Are prevailing patterns of diet behavior in a population related to risk of type 2 diabetes? 
• Factor analysis, principal component analysis; cluster analysis 

11. What combinations of food intake explain the most variation in a risk of type 2 diabetes? 
• Reduced rank regression; discriminant analysis 

12. What is the relationship between adherence to a specific dietary pattern and risk of type 2 diabetes?  
• Included studies that did not use the methodologies captured in the other systematic review questions 
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Literature Selection 

A broad range of studies assessing dietary patterns were considered in order to answer the systematic review 
questions. PubMed, Embase, Navigator (BIOSIS, CAB Abstracts, and Food Science and Technology Abstracts), and 
Cochrane databases were searched for original research articles published in English in peer-reviewed journals. 
Studies published since January 1980 with subjects who were healthy or at elevated chronic disease risk from 
countries with high or very high scores on the Human Development Index,2 a measure of social and economic 
development, were considered. Study designs included in the review were randomized and nonrandomized 
controlled trials, including crossover studies, and prospective cohort studies. Cross-sectional studies, before and 
after studies, case-control studies, and reviews were excluded. Reviews were hand-searched for relevant primary 
research studies. Trials were required to have ≥30 subjects per arm and a follow-up of  ≥80 percent. Studies that 
examined low-calorie diets and other treatment diets were excluded. Finally, studies were required to include a 
description of the foods and beverages eaten by study participants. The searches resulted in a total of 23,403 
citations. Of these, 2,921 articles underwent dual abstract review, and a total of 176 articles met all of the criteria 
and were included in the reviews.  
 
Description of the Evidence 
The evidence considered in this systematic review project was diverse. The number of articles included in each 
review varied, with 5 reviews including less than 10 articles, 6 reviews including 11 to 22 articles, and 1 review 
including 55 articles. Studies were conducted around the world, including the United States, Europe, Japan, and 
Australia, and ranged in sample size from 49 to over 380,000. Most studies were conducted in adults, with few 
studies available that examined dietary patterns in children or adolescents. The preponderance of evidence was from 
large prospective cohort studies; although some well-controlled randomized controlled trials were also included. The 
prospective cohort studies generally examined the relationship between dietary patterns and clinical health 
outcomes, while the trials often considered intermediate outcomes. Dietary intake was most often assessed with food 
frequency questionnaires, and in many studies, dietary intake was only assessed at baseline. Most articles were rated 
positive-quality, with fewer articles of neutral-quality. No negative-quality articles were included in the reviews. 
 
Conclusion Statements 
Following a qualitative review of the evidence, conclusions were drawn and the strength of the body of evidence 
supporting the conclusion statement was graded. More robust evidence was available for the questions examining 
the relationship between dietary patterns and risk of cardiovascular disease. Moderate evidence supported 
conclusions related to dietary patterns and body weight or risk of obesity, while limited evidence was available 
related to dietary patterns and risk of type 2 diabetes.  
 
Across the methodologies, the strongest, most consistent evidence was from positive-quality cohort studies using an 
a priori index or score and randomized controlled trials testing specific patterns. For all three of the questions that 
considered studies using factor or cluster analyses, limited conclusions were drawn primarily due to the variability in 
the dietary patterns identified in these studies, which made comparisons challenging. Similarly, the disparate nature 
of the studies that used reduced rank regression to assess dietary patterns made it difficult to compare results, and no 
conclusions could be drawn related to the relationship between dietary patterns and health outcomes using reduced 
rank regression. 
 
Overall, not one specific dietary pattern was found to be more favorably associated with health outcomes. Rather, 
several dietary patterns were shown to be beneficial in reducing the risk of cardiovascular disease, obesity, and/or 
type 2 diabetes. The patterns that were most consistently associated with positive health outcomes were 
Mediterranean-style, Dietary Approaches to Stop Hypertension (DASH), and Dietary Guidelines-related patterns. 
Over the course of the review, the Technical Expert Collaborative and the Systematic Review Management Team 

                                                           
2 United Nations Development Programme. 2011 Human Development Reports. Available at http://hdr.undp.org/en. 

http://hdr.undp.org/en
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noted that there were not universal definitions for these and other dietary pattern labels or for terms that were often 
found in this literature, including plant-based, nutrient-dense, or minimally processed. For example, a Mediterranean 
diet may vary somewhat from study to study, and a vegetarian pattern is typically defined based on what is excluded 
from the diet, rather than what is consumed. As such, the review conclusion statements were stated in terms of the 
food components observed consistently across the dietary patterns, rather than focusing on the label of the pattern.  
Additionally, the team found that the meaning of terms, such as low, moderate, and high, used to describe levels of 
food group, component, or nutrient intakes varied somewhat across studies. For example, low might mean lower 
than median intake, lower than recommended intake levels, or lower than the typical American or population intake.  
Depending on the body of included literature for each systematic review question, usage of these terms in this 
report’s conclusion statements and key findings may represent a composite of these meanings. 

 

Dietary Patterns and Risk of Cardiovascular Disease 

 
Dietary patterns associated with decreased risk of cardiovascular disease were characterized by regular consumption 
of fruits, vegetables, whole grains, low-fat dairy, and fish and were low in red and processed meat and sugar-
sweetened foods and drinks. Regular consumption of nuts and legumes and moderate consumption of alcohol were 
also shown to be beneficial in most studies. Additionally, research that included specific nutrients in their 
description of dietary patterns indicated that patterns that were low in saturated fat, cholesterol, and sodium and rich 
in fiber and potassium may be beneficial for reducing cardiovascular disease risk.  

Conclusion Statements: Dietary Patterns and Risk of Cardiovascular Disease 
Strong or Moderate Evidence:  

There is strong and consistent evidence that in healthy adults increased adherence to dietary patterns scoring 
high in fruits, vegetables, whole grains, nuts, legumes, unsaturated oils, low-fat dairy, poultry, and fish; low in 
red and processed meat, high-fat dairy, and sugar-sweetened foods and drinks; and moderate in alcohol is 
associated with decreased risk of fatal and non-fatal cardiovascular diseases, including coronary heart disease 
and stroke. (Grade: I - Strong) (Index Analysis) 
 
There is strong and consistent evidence that consumption of a DASH diet results in reduced blood pressure in 
adults with above optimal blood pressure, up to and including stage 1 hypertension. A dietary pattern consistent 
with the DASH diet is rich in fruits, vegetables, low-fat dairy, fish, whole grains, fiber, potassium, and other 
minerals at recommended levels, and low in red and processed meat, sugar-sweetened foods and drinks, 
saturated fat, cholesterol, and sodium. There is limited evidence that adherence to vegetarian diets is associated 
with decreased death from ischemic heart disease, with the association being stronger in men than in women. 
(Grade: I - Strong - DASH and Blood Pressure; Grade: III - Limited - Vegetarian and Ischemic Heart Disease) 
(Other Methods) 
 
Limited or Insufficient Evidence:  

Limited evidence from epidemiological studies indicates that dietary patterns, assessed using cluster or factor 
analysis, characterized by vegetables, fruits, whole grains, fish, and low-fat dairy products are associated with 
decreased risk of cardiovascular disease in adults. Evidence of a relationship between dietary patterns 
characterized by red and processed meat, sugar-sweetened foods and drinks, and fried foods and an increased 
risk of cardiovascular disease is limited and less consistent. (Grade: III - Limited) (Cluster or Factor Analysis)  
 
Insufficient evidence, due to a small number of studies, was available to examine the relationship between 
dietary patterns derived using reduced rank regression and risk of cardiovascular disease. The disparate nature of 
the methods used made it difficult to compare results, and therefore, no conclusions were drawn. (Grade: IV - 
Not Assignable) (Reduced Rank Regression) 
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Conclusion Statements: Dietary Patterns and Body Weight or Risk of Obesity 

Moderate Evidence:  
There is moderate evidence that in adults increased adherence to dietary patterns scoring high in fruits, 
vegetables, whole grains, legumes, unsaturated oils, and fish; low in total meat, saturated fat, cholesterol, sugar-
sweetened foods and drinks and sodium; and moderate in dairy products and alcohol is associated with more 
favorable outcomes related to body weight or risk of obesity, with some reports of variation based on gender, 
race, or body weight status. (Grade: II - Moderate) (Index Analysis) 
 
There is moderate evidence that adherence to a dietary pattern that emphasizes vegetables, fruits, and whole 
grains is associated with modest benefits in preventing weight gain or promoting weight loss in adults. (Grade: II 
- Moderate) (Other Methods) 
 
Limited or Insufficient Evidence:  

Limited and inconsistent evidence from epidemiological studies examining dietary patterns derived using factor 
or cluster analysis in adults found that consumption of a dietary pattern characterized by vegetables, fruits, whole 
grains, and reduced-fat dairy products tends to be associated with more favorable body weight status over time 
than consumption of a dietary pattern characterized by red meat, processed meats, sugar-sweetened foods and 
drinks, and refined grains. (Grade: III - Limited) (Factor or Cluster Analysis) 
 
There are a number of methodological differences among the studies examining the relationship between dietary 
patterns derived using reduced rank regression and body weight status. The disparate nature of these studies 
made it difficult to compare results, and therefore, no conclusions were drawn. (Grade: IV - Not Assignable) 
(Reduced Rank Regression) 
 
 
 

 
 

 
 
Dietary Patterns and Body Weight or Risk of Obesity 

More favorable outcomes related to body weight or risk of obesity were observed when there was increased 
adherence to a diet that emphasized fruits, vegetables, and whole grains. Some studies also reported more favorable 
body weight status over time with regular intake of fish and legumes, moderate intake of dairy products (particularly 
low-fat dairy) and alcohol, and low intake of meat (including red and processed meat), sugar-sweetened foods and 
drinks, refined grains, saturated fat, cholesterol, and sodium. 
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Dietary Patterns and Risk of Type 2 Diabetes 

The bodies of evidence examining the relationship between dietary patterns and risk of type 2 diabetes were limited 
or insufficient, but they generally supported consumption of a dietary pattern rich in fruits and vegetables and low in 
high-fat dairy and meats. 
 

 
 
Limitations and Research Recommendations 
The systematic reviews highlighted overarching limitations in the research on dietary patterns. The following 
limitations and research recommendations were identified: 

• Many studies only assessed dietary intake once at baseline. Dietary patterns are likely to change over time 
due to a myriad of factors, including trends in the food supply, population and individual-level changes in 
food choices, and individual circumstances and physical needs. Future studies that examine dietary patterns 
over time in relation to the life course would be beneficial to understand the relationship between dietary 
patterns, critical periods of exposure, and health. 

• There was variability in how studies grouped foods and assessed the types and amounts of foods consumed; 
therefore, it was difficult to compare food and beverage intakes across studies. Additional research is 
needed to better quantitate the components of dietary patterns.    

• A number of studies, particularly studies examining vegetarian diets, were excluded from the reviews 
because they did not provide sufficient description of the dietary pattern consumed. Complete description 
of the foods and beverages consumed is essential for comparing studies and understanding the 
characteristics of the dietary patterns.  

Conclusion Statements: Dietary Patterns and Risk of Type 2 Diabetes 
Limited or Insufficient Evidence:  

There is limited evidence that adherence to a dietary pattern rich in fruits, vegetables, legumes, cereals/whole 
grains, nuts, fish, and unsaturated oils and low in meat and high-fat dairy, assessed using an index or score, is 
associated with decreased risk of type 2 diabetes. (Grade: III - Limited) (Index Analysis) 
 
Limited and inconsistent evidence from epidemiological studies indicates that in adults, dietary patterns derived 
using factor or cluster analysis, characterized by vegetables, fruits, and low-fat dairy products tend to have an 
association with decreased risk of type 2 diabetes and those patterns characterized by red meat and sugar-
sweetened foods and drinks, French fries, refined grains, and high-fat dairy products tended to show an increased 
association for risk of type 2 diabetes. Among studies, there was substantial variation in food group components 
and not all studies with similar patterns showed significant association. (Grade: III - Limited) (Factor or Cluster 
Analysis) 
 
There is insufficient evidence on a relationship between adherence to a Mediterranean-style or vegetarian diet 
pattern and incidence of type 2 diabetes. There is limited, inconsistent evidence that adherence to a 
Mediterranean-style, DASH or modified DASH, or Nordic dietary pattern results in improved glucose tolerance 
and insulin resistance. (Grade IV - Not Assignable - Incidence of type 2 diabetes; Grade: III – Limited - Glucose 
tolerance and insulin resistance) (Other Methods) 

There is insufficient evidence, due to a small number of studies, to examine the relationship between dietary 
patterns derived using reduced rank regression and risk of type 2 diabetes. The differences in the methods used 
and populations studied made it difficult to compare results, and therefore no conclusions were drawn. (Grade: 
IV - Not Assignable) (Reduced Rank Regression) 
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• Many of the studies were conducted with predominantly Caucasian adults. Additional research should be 
conducted to examine if and how race/ethnicity, age, and sex might influence the relationship between 
dietary patterns and health outcomes. 

 
Additionally, more research is recommended to: 

• Advance dietary pattern methodologies to better elucidate the indispensible components, or the “drivers,” 
of dietary patterns that are instrumental in promoting health and preventing disease. 

• Investigate other aspects of dietary patterns, including where and when foods and beverages are consumed. 
• Test the effectiveness of dietary patterns identified in observational studies in randomized controlled trials. 
• Examine the effects of different methods by which components are chosen, grouped, and scored and the 

effect those different methods have on the resulting relationships with health outcomes, regarding a priori 
scores.   

• Evaluate and standardize methods used to assess, organize, aggregate, and adjust food variables to facilitate 
interpretation of findings across studies, regarding a posteriori approaches. 
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Chapter 2. Introduction 
 
Consuming a healthy diet can help individuals achieve and maintain a healthy weight, reduce the risk of developing 
chronic diseases, and promote good health. Research in the field of nutrition often focuses on single nutrients, foods, 
and/or food groups. Considering individual nutrients and foods in the development of guidance on the types and 
amounts of foods, beverages, and nutrients to consume is challenging for a number of reasons:3  

• It is difficult to attribute health effects to a single dietary component;  
• Dietary components may interact with each other; and  
• When manipulating the diet, there may be substitution effects (e.g., high intake of one dietary component is 

accompanied by changes in other aspects of the diet).  
By studying dietary patterns, these potential cumulative and interactive effects of individual components of the diet 
can be accounted for. Studying dietary patterns is a complementary strategy to examining individual foods and 
nutrients or food components. Additionally, because people consume foods, beverages, and nutrients, in 
combination and not just individually, the study of dietary patterns has real-world application. 
 
As methods used to assess dietary patterns have been advancing, researchers have been able to examine the 
relationship between complex dietary patterns and health. The 2010 Dietary Guidelines Advisory Committee 
(DGAC) acknowledged that the state of the evidence and the methodologic rigor of the studies examining dietary 
patterns had advanced; thus, research on this topic was summarized in the 2010 DGAC Report4 in a chapter titled 
The Total Diet: Combining Nutrients, Consuming Food, which was subsequently used as the foundation for a 
chapter in the 2010 Dietary Guidelines for Americans5 titled Building Healthy Eating Patterns.  

Rationale  

The inclusion of dietary patterns in the DGAC 2010 Report and the subsequent 2010 Dietary Guidelines was 
supported within and outside of the government. Following the 2010 Dietary Guidelines release, the Nutrition 
Evidence Library (NEL) conducted interviews with various Federal stakeholders, and dietary patterns was identified 
as a topic that should be monitored. Based on this feedback, the NEL initiated this systematic review project to 
examine the relationship between dietary patterns and health outcomes. Systematic reviews are conducted to aid 
compliance with the Consolidated Appropriations Act of 20016 or Data Quality Act, which mandates Federal 
agencies ensure the quality, objectivity, utility, and integrity of the information used to form federal guidance. 
Systematic reviews of dietary patterns research may help USDA agencies in the development and support of 
nutrition-related policies and programs.  

Framing the Project 

The NEL Systematic Review Management Team collaborated with a Technical Expert Collaborative (TEC) and a 
group of Federal Stakeholders to complete the review. The TEC included seven national nutrition experts who were 
convened to review, evaluate, and synthesize research on dietary patterns, and a Federal Stakeholder group was 
identified to ensure that the review would be valuable for informing future diet-related policies and programs. 

                                                           
3 Schulze MB, Hoffmann K. Methodological approaches to study dietary patterns in relation to risk of coronary heart disease and 
stroke. Br J Nutr. 2006 May;95(5):860-9. Review. PubMed PMID: 16611375. 
4 Dietary Guidelines Advisory Committee. 2010. Report of the Dietary Guidelines Advisory Committee on the Dietary 
Guidelines for Americans, 2010, to the Secretary of Agriculture and the Secretary of Health and Human Services. U.S. 
Department of Agriculture, Agricultural Research Service, Washington, DC. 
5 U.S. Department of Agriculture and U.S. Department of Health and Human Services. Dietary Guidelines for Americans, 2010. 
7

th 
Edition, Washington, DC: U.S. Government Printing Office, December 2010. 

6 Consolidated Appropriations Act (2001) Pub.L. 106−554, 114 Stat. 2763 (2000). 
 

http://www.cnpp.usda.gov/Publications/DietaryGuidelines/2010/DGAC/Report/B-2-TotalDiet.pdf
http://www.cnpp.usda.gov/Publications/DietaryGuidelines/2010/PolicyDoc/Chapter5.pdf
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For the purpose of this systematic review project, dietary patterns is defined as:The quantities, proportions, 
variety, or combination of different foods, drinks, and nutrients (when available) in diets, and the frequency 
with which they are habitually consumed. 

To inform the design and objectives of the project, USDA’s Center for Nutrition Policy and Promotion supported a 
workshop titled, “Dietary Patterns Research Methods: Strengths and Limitations of Various Approaches to Inform a 
Systematic Review.” The workshop was held on September 1, 2011 in Alexandria, VA. The Dietary Patterns 
Systematic Review Management Team, Technical Expert Collaborative, and several Stakeholders attended the 
workshop along with invited speakers identified by the Technical Expert Collaborative.  

Expert presentations included the following: 

• Using factor and cluster analysis to derive dietary patterns  
o P.K. Newby, ScD, MPH, Boston University 

• Using index analysis to assess dietary patterns 
o Beth Dixon, PhD, MPH, New York University 

• Using reduced rank regression to identify dietary patterns 
o Angela Liese, PhD, University of South Carolina 

• Dietary patterns from a clinical trials perspective 
o Larry Appel, MD, MPH, The Johns Hopkins University 

• Dietary patterns from an epidemiological perspective 
o Matthias Schulze, DrPH, German Institute of Human Nutrition (via webinar) 

 
A facilitated panel discussion followed the presentations and included dialogue related to the operational definition 
of dietary patterns for the purposes of this systematic review project and the appropriateness of using various 
research methods for answering systematic review questions related to dietary patterns and health. The Dietary 
Patterns Systematic Review Management Team and Technical Expert Collaborative used the discussion from this 
workshop to frame the approach and questions for this project. 

 

Objectives  

The purpose of the Dietary Patterns Systematic Review project was to examine the relationship between dietary 
patterns and outcomes of public health concern. The initial goal of this project is to continue the work initiated by 
the 2010 DGAC to assess the association of several dietary patterns with blood pressure, cardiovascular disease, 
stroke, and total mortality. Additional objectives were identified and prioritized by the TEC with input from the 
Systematic Review Management Team and key stakeholders.  

The systematic review questions included in this project were organized based on (1) dietary pattern methodology 
and (2) health outcomes: 

• Dietary pattern methodology: Dietary patterns can be assessed in a number of ways, including indices 
that assess adherence to a particular pattern (e.g., Healthy Eating Index [HEI]) or data-driven approaches 
that use mathematics to empirically derive food intake patterns (e.g., factor or cluster analysis) (appendix 
A). Dietary patterns can also be tested in trials or observed in observational studies. Because each 
methodology provides information about dietary patterns from a different perspective, the systematic 
review questions included in this project were organized based on dietary pattern assessment: (1) index 
analysis, (2) factor/cluster analysis, (3) reduced rank regression, and (4) other methods.  

• Health outcomes: The TEC identified three top priority outcomes for consideration: (1) body weight and 
obesity, (2) cardiovascular disease, and (3) type 2 diabetes. For each outcome, specific intermediate and 
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clinical outcomes were defined (appendix B). A fourth outcome, cancer, was also identified but was not 
completed due to resource constraints.  

In total, 12 systematic review questions were completed in this project:  

Body Weight or Risk of Obesity 

1. What is the relationship between adherence to dietary guidelines/recommendations or specific dietary 
patterns, assessed using an index or score, and body weight or risk of obesity?  
• A priori index 

2. Are prevailing patterns of diet behavior in a population related to body weight or risk of obesity? 
• Factor analysis, principal component analysis; cluster analysis 

3. What combinations of food intake explain the most variation in a risk of obesity? 
• Reduced rank regression; discriminant analysis 

4. What is the relationship between adherence to a specific dietary pattern and body weight or risk of obesity?  
• Included studies that did not use the methodologies captured in the other systematic review questions 

Risk of Cardiovascular Disease 

5. What is the relationship between adherence to dietary guidelines/recommendations or specific dietary 
patterns, assessed using an index or score, and risk of cardiovascular disease?  
• A priori index 

6. Are prevailing patterns of diet behavior in a population related to risk of cardiovascular disease? 
• Factor analysis, principal component analysis; cluster analysis 

7. What combinations of food intake explain the most variation in a risk of cardiovascular disease? 
• Reduced rank regression; discriminant analysis 

8. What is the relationship between adherence to a specific dietary pattern and risk of cardiovascular disease?  
• Included studies that did not use the methodologies captured in the other systematic review questions 

Risk of Type 2 Diabetes 

9. What is the relationship between adherence to dietary guidelines/recommendations or specific dietary 
patterns, assessed using an index or score, and risk of type 2 diabetes?  
• A priori index 

10. Are prevailing patterns of diet behavior in a population related to risk of type 2 diabetes? 
• Factor analysis, principal component analysis; cluster analysis 

11. What combinations of food intake explain the most variation in a risk of type 2 diabetes? 
• Reduced rank regression; discriminant analysis 

12. What is the relationship between adherence to a specific dietary pattern and risk of type 2 diabetes?  
• Included studies that did not use the methodologies captured in the other systematic review questions 

 
The topic of dietary patterns is a growing area of research relevant to nutrition policy and programs. The results of 
this project can be used to inform Federal guidance related to foods and beverages, including the Dietary Guidelines 
for Americans. It can also help identify areas where more research is needed. 
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Chapter 3. Methods 
 
 
The Nutrition Evidence Library (NEL) was launched in July 2008 by the U.S. Department of Agriculture’s Center 
for Nutrition Policy and Promotion. The NEL uses a rigorous, transparent, and reproducible methodology to conduct 
systematic reviews on food- and nutrition-related topics to support Federal nutrition policies and programs. The 
following section describes the systematic review methodology used to conduct a series of systematic reviews on 
dietary patterns and health.  
 
Dietary Patterns Systematic Review Project: Roles and Responsibilities 
When conducting systematic reviews, NEL staff are assigned to a NEL Project Systematic Review Management 
Team and work with a Technical Expert Collaborate (TEC), a Stakeholder Group, Abstractors, and Peer Reviewers. 
The roles and responsibilities of each of these groups and individuals are outlined below.  
 
NEL Systematic Review Management Team 
This NEL systematic review project was planned, organized, and guided by a NEL Systematic Review Management 
Team composed of Federal nutritionists trained in systematic review methodology. This team was led by the 
Director of the Evidence Analysis Library Division (EALD) and included a Project Manager, Lead Analysts, 
Technical Advisors, and a Research Librarian. The Project Manager was responsible for leading, planning, 
organizing, and facilitating the work necessary for execution of the systematic review project. The Lead Analysts 
led the review of the individual research questions, and the NEL Research Librarian developed and implemented the 
search strategy for the scientific articles. The Technical Advisors provided advice to help guide the project and 
served as reviewers of the materials prepared by the Lead Analysts. Specific responsibilities of the NEL Systematic 
Review Management Team included the following:  

• Facilitated the initial planning and led development of the systematic review project protocol. 
• Directed the execution and quality control of the NEL systematic review project based on input from the 

TEC and Stakeholders in accordance with the principles and procedures outlined in the NEL systematic 
review methodology manual.  

• Developed and disseminated products of the review, including website content, this systematic review 
report, and peer-reviewed publications. 

 
The NEL Systematic Review Management Team met regularly throughout the systematic review project from 
conceptualization of the project through completion of the final products. They coordinated regular meetings with 
the TEC and Stakeholder Groups through conference call and webinar. They also served as the conduit between the 
TEC and the Stakeholder Group, Abstractors, and Peer Reviewers.   
 
Technical Expert Collaborative 
The Technical Expert Collaborative (TEC) consisted of seven national nutrition experts. A list of TEC members and 
their affiliations is found in the Acknowledgements section (on page 5). TEC members assisted the NEL Systematic 
Review Management Team by reviewing and providing expert feedback to refine systematic review materials. Their 
expertise was needed to address specific issues related to the topic of dietary patterns and to guide synthesis of the 
body of evidence to answer the systematic review questions. TEC members guided the systematic review process in 
the following ways: 

• Reviewed and refined materials drafted by the NEL Systematic Review Management Team, including: 
o Analytical framework and systematic review questions 
o Literature search strategy, including guidance on potential search terms and databases 
o Criteria used to select articles included in the review  
o Lists of included and excluded articles 
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o Data extraction plan, including guidance on relevant information that should be extracted from each 
article and summarized in evidence paragraphs and tables 

o A description of the body of evidence, including evidence worksheets with quality ratings 
o A synthesis of the body of evidence, including identification of themes apparent in the body of 

evidence 
o Conclusion statements and grades assigned based upon the body of evidence 

• Additionally, the TEC: 
o Provided input on limitations and research recommendations  
o Served as co-authors of manuscript(s) submitted for peer-review publication. 

 
NEL Project Stakeholder Group 
Members of the Stakeholder Group included Federal employees who represent end-users of the review and 
possessed varying perspectives and expertise related to dietary patterns. The Stakeholder Group was instrumental in 
the initiation of the project to ensure that the products from the reviews would be valuable for informing policies and 
programs. Specifically, the Stakeholder Group: 

• Assisted in refining and prioritizing systematic review questions  
• Provided input on suggested inclusion and exclusion criteria. 

 
NEL Abstractors 
NEL Abstractors are National Service Volunteers from across the United States with advanced degrees in nutrition 
or a related field. They received training to review individual research articles included in the systematic reviews 
and rate the methodological rigor (quality) of each study. They extracted evidence from the research articles and 
posted this information to data fields in evidence worksheet templates in the NEL online portal. The methodological 
rigor of each included study was assessed using the Research Design and Implementation Checklist. Worksheets 
prepared by the Abstractors were reviewed by the NEL Systematic Review Management Team and provided a 
templated presentation of each article to assist the TEC in their review of the evidence. 
 
Peer Reviewers 
Peer reviewers were individuals from USDA who reviewed and provided comment on the systematic review 
products. The peer reviewers provided written input after this draft report was produced. Peer review was sought to 
ensure that this report provides a transparent and comprehensive description of the review. The NEL Systematic 
Review Management Team, particularly the Project Manager, coordinated the peer-review and developed responses 
to comments. 
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Dietary Patterns Systematic Reviews: Methodology 
Research Protocol  
The NEL uses a rigorous, transparent, and reproducible methodology that was informed by the Agency for 
Healthcare Research Quality (AHRQ), the Academy of Nutrition and Dietetics (AND) (formerly the American 
Dietetic Association), and the US Cochrane Collaboration process. The NEL utilizes a six-step systematic review 
process to conduct systematic reviews. The steps include: 

1. Systematic review question development 
2. Literature search, screening, and selection 
3. Data extraction and quality assessment 
4. Describing the evidence and evidence synthesis 
5. Developing conclusion statements and grading the evidence 
6. Identifying research recommendations. 

Each step of these NEL processes and how it was applied to the Dietary Patterns Systematic Review Project is 
described below. 
 
Develop Systematic Review Questions and Analytical Frameworks 
The first step of the evidence analysis process was the development of systematic review questions. This step of the 
process was informed by the Dietary Patterns Workshop, which was held by the NEL to inform the initial aspects of 
the review. During the Workshop, invited experts spoke on various methodologies used to assess dietary patterns, 
and then a facilitated discussion occurred to help identify the questions of interest that might benefit from a 
systematic review. Following the Workshop, the TEC finalized and prioritized their questions of interest, and the 
questions were presented by the NEL to the Stakeholder Group to ensure that the questions addressed policy and 
program needs.  
 
Once key topic areas were identified, the PICO (Population, Intervention, Comparator, and Outcomes) method was 
used in order to focus each of the systematic review questions. In addition, an analytical framework was created to 
provide a visual map of key variables, such as the population, interventions, comparators, outcomes, and potential 
confounders, to be addressed within each review (appendix A). For the purposes of this review “dietary patterns” 
was defined as “the quantities, proportions, variety, or combination of different foods, drinks, and nutrients (when 
available) in diets, and the frequency with which they are habitually consumed.” For each systematic review 
question developed, the following PICO components were used: 

• Population: Children, adolescents, and adults aged 2 years and older 
• Intervention/Exposure: A dietary pattern  
• Comparator: Low adherence to a particular dietary pattern (control) or a different dietary pattern 

(comparison)  
• Outcomes: Health outcomes  

 
The systematic review questions included in this project were organized based on (1) dietary pattern methodology 
and (2) health outcomes. 

Create and Implement Literature Search and Sort Plans 
After the systematic review questions were developed, the NEL Project Management Team developed the literature 
search and sort plan used to identify scientific articles to answer each systematic review question. The search and 
sort plan includes the development of inclusion and exclusion criteria, identification of databases and search terms 
used to identify relevant articles, implementation of the search strategy, and selection of studies to include in each 
systematic review. The TEC reviewed and provided feedback on inclusion and exclusion criteria, the literature 
search strategy, and the list of articles included and excluded for each review.  
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Inclusion and Exclusion Criteria  
Inclusion criteria for the dietary patterns systematic reviews included the following: 

• Human subjects 
• Subject populations from countries with high or very high human development, according to the Human 

Development Index7 
• Children, adolescents, and adults aged 2 years and older 
• Subjects who were healthy or at elevated chronic disease risk  
• Randomized or nonrandomized controlled trial with at least 30 subjects per study arm and a follow-up rate 

of at least 80 percent, or a prospective cohort study 
• A description of the dietary pattern(s) consumed by subjects 

 
In addition, articles were included if they were published in English in a peer-reviewed journal between January 
1980 and August 2013 (see appendices F-H for the date of the last search update for each question). If an author is 
included on more than one primary research article that is similar in content, the paper with the most pertinent 
data/endpoints was included. If data/endpoints from both papers are appropriate, it was made clear that results are 
from the same intervention. 
 
Exclusion criteria for the dietary patterns systematic reviews included: 

• Animals and in vitro models 
• Subject populations from countries with medium or low human development, according to the Human 

Development Index 
• Children under the age of 2 years 
• Subjects who were hospitalized, diagnosed with disease, and/or receiving medical treatment  
• Low-calorie intervention (defined as <1,600 kcal/day for women and <2,000 kcal/day for men) 
• Systematic review, meta-analysis, narrative review, before and after, cross-sectional, or case-control 

designs 
 
Articles were excluded if they were not published in English, or were published before January 1980. Articles, 
abstracts, and presentations not published in peer-reviewed journals (e.g., websites, magazine articles, Federal 
reports) were also excluded. Finally, if an author was included on more than one review article or primary research 
article that is similar in content, the paper with the most pertinent data/endpoints was included, and others were 
excluded. 
 
Search Strategy  
The search strategy was developed by the NEL Research Librarian and reviewed by the Lead Analyst and TEC 
members. PubMed, Embase, Navigator (BIOSIS, CAB Abstracts, Food Science and Technology Abstracts), and 
Cochrane databases were searched using a wide variety of search terms and key words, including subject headings 
such as MeSH and thesauri terms. The search strategies included specific terms for dietary patterns (e.g., vegetarian, 
Mediterranean), dietary pattern methodologies (e.g., factor analysis), and health outcomes of interest. The specific 
strategy for each search is described in appendices F-H. 
 
The first outcome considered in this project was body weight/obesity. As shown in appendix F, three searches were 
conducted for articles examining the relationship between dietary patterns and body weight using (1) index analysis, 
(2) factor/cluster analysis or reduced rank regression, and (3) other methods. Appendices G and H provide the search 
strategies to identify articles examining the relationship between dietary patterns and cardiovascular disease and 

                                                           
7 United Nations Development Programme. 2011 Human Development Reports. Available at http://hdr.undp.org/en. 

http://hdr.undp.org/en
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type 2 diabetes, respectively. In each case, one search was conducted and relevant articles were divided based on 
dietary pattern methodology. When needed, supplementary and update searches were conducted.    

 
Study Selection 
The NEL librarian conducted all database searches and performed initial title sorts to exclude articles that clearly did 
not address the question. A second member of the Systematic Review Management Team reviewed the articles 
excluded during the title sort and recommended articles that should be moved forward for further review. Two 
members of the NEL staff independently sorted abstracts and full text articles based upon approved criteria and 
developed a list of included and excluded articles (citing rationale for exclusion). The lists of included and excluded 
articles were compared, and the two reviewers reached consensus on articles for which there was discrepancy. When 
consensus could not be reached, a third member of the Systematic Review Management Team was asked to review 
the article. When needed, articles in question were brought to the full Systematic Review Management Team and/or 
the TEC for final inclusion or exclusion. Additionally, reference lists from review and primary articles were hand 
searched. TEC members reviewed and provided feedback on the sort lists. If TEC members identified relevant 
articles that were not on the sort list, or if search results were too expansive or too limited, the Systematic Review 
Management Team refined the search strategy and the search was rerun. NEL staff continued to monitor the 
literature for new articles through August 2013.   

 
Develop Evidence Portfolios for Each Systematic Review Question  
Relevant information from all included articles in each systematic review was assembled into evidence portfolios. 
For each study in a systematic review, the evidence portfolio includes an evidence worksheet with a study quality 
rating that reflects the assessment of methodological rigor of the study, as well as a data extraction grid and in some 
cases an evidence paragraph that summarizes the study methodology and results as it relates to the systematic review 
question being addressed. The components of the evidence portfolio are described in more detail below. 
 
Each article included in a review was assigned to a NEL Abstractor to analyze and extract key data into an evidence 
worksheet template. The quality, or methodological rigor, of each article was assessed using the Research Design 
and Implementation (RDI) Checklist, developed by the Academy of Nutrition and Dietetics. The RDI checklist is 
based on criteria outlined in the Agency for Healthcare Research and Quality (AHRQ) report on Systems to Rate the 
Strength of Scientific Evidence (West et al., 20028). The RDI checklist for primary research articles includes 10 
scientific validity questions (ADA, 2009)9 (appendix C). Based on responses to the checklist, each article was 
assigned a quality rating, positive, neutral, or negative that reflects the methodological rigor with which the research 
was designed and executed. NEL staff reviewed the accuracy and quality of each evidence worksheet and RDI 
checklist.   
 
The NEL staff worked with the TEC to define the content of data extraction grids and evidence paragraphs for each 
systematic review question. Using the evidence worksheets, RDI checklists, and full text articles, NEL staff drafted 
evidence paragraphs and grid entries to summarize the evidence in a uniform way for study-to-study evaluation and 
comparison. The evidence paragraphs briefly summarized each included study and reported relevant data including: 
authors, publication year, rating; population, location, sample size and subject age; purpose of the study; description 
of study design and groups; methods used to assess dietary intake; dietary pattern methodology; brief description of 
the dietary patterns examined in the study; outcomes considered; and results related to the outcomes of interest in 
this review project. Use of evidence paragraphs was discontinued during the project and paragraph elements were 
incorporated into the description of the evidence. The data extraction grid provided information parallel to the 
evidence paragraphs, as well as additional information about study subjects (sex, race/ethnicity, and socioeconomic 

                                                           
8 West S, King V, Carey TS, Lohr KN, McKoy N, Sutton SF, Lux L. Systems to Rate the Strength of Scientific Evidence. 
Evidence Report/Technology Assessment No. 47. Prepared by the  Research Triangle Institute-University of North Carolina 
Evidence-based Practice Center under Contract No. 290-97-0011. AHRQ Publication No. 02-E016. Rockville, MD: Agency for 
Healthcare Research and Quality; April 2002. 
9 American Dietetic Association, Research and Strategic Business Development. Evidence Analysis Manual Adapted for the 
USDA Nutrition Evidence Library. Chicago, IL: American Dietetic Association; 2009. 
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status) and key confounders and limitations of each included study. The Lead Analyst created a Description of the 
Evidence for each question that enumerated the number, type, quality, and descriptive characteristics of the included 
studies. 
 
Synthesize the Body of Evidence 
TEC members were asked to review the portfolio of evidence for each question and independently answer a series of 
questions to identify key trends in the body of evidence (appendix D). The Key Trends questionnaire was designed 
to identify patterns of agreement and disagreement among the studies as well as identify rationale for differences 
observed in the body of evidence. The Key Trends document also asked questions related to the generalizability and 
public health impact of the findings observed across the studies.  
 
The NEL Systematic Review Management Team used the responses from the TEC members on the Key Trends 
questionnaire to develop evidence summary overviews that identified the key findings or trends, potential rationale 
for variations observed, and strengths and limitations of the body of evidence. TEC members reviewed the evidence 
synthesis and suggested refinement, as needed.  
 
Develop and Grade the Conclusion Statement 
The Key Trends questionnaire also asked the TEC members to independently identify themes they thought should 
be included in the conclusion statement. The NEL Systematic Review Management Team drafted a conclusion 
statement to answer the systematic review question based on their responses. Each conclusion statement was 
reviewed by the TEC and refined, as needed. Conclusion statements focused on areas of general agreement among 
the studies and when evidence addressed only one sex, age group, ethnicity, or level of health risk, this was reflected 
in the conclusion statement. Other findings from the body of evidence that helped to frame the conclusion statement 
or that were important to the review, but were not included in the conclusion statement, were summarized as Key 
Findings.  
 
The NEL Systematic Review Management Team then facilitated an evaluation by the TEC members of the strength 
of the body of evidence supporting each conclusion using a pre-established set of criteria. These criteria were 
adapted and validated by the American Dietetic Association (now the Academy of Nutrition and Dietetics) based 
upon the original work by Greer and colleagues.10 Grading criteria included: quality, quantity, consistency, 
generalizability, and public health impact. The following grades were used to describe the strength of the evidence 
supporting their conclusion statements: I – Strong, II – Moderate, III – Limited, and IV – Grade Not Assignable. 
Appendix E provides more detail on the grading criteria. 
 
Define Research Recommendations  
The Key Trends questionnaire also asked the TEC members to independently identify research recommendations 
related to the question or topic area. The NEL Systematic Review Management Team compiled these 
recommendations, which were reviewed by the TEC members and refined, as needed. 

                                                           
10 Greer N, Mosser G, Logan G, Halaas GW. A practical approach to evidence grading. The Joint Commission Journal on 
Quality Improvement. 2000;26:700-712. 
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Chapter 4-A. The Relationship Between Dietary Patterns and 
Body Weight 

 
Section I: Index Analysis  
By Mary M. McGrane, Joan Lyon, and Eve Essery Stoody 

 
What is the relationship between adherence to dietary guidelines/recommendations or 
specific dietary patterns, assessed using an index or score, and measures of body 
weight or obesity? 

 
 

TECHNICAL ABSTRACT 
 
Background 

The goal of this systematic review project was to identify dietary patterns of food and beverage intake that promote 
health and prevent disease. Dietary patterns are defined as the quantities, proportions, variety, or combination of 
different foods, drinks, and nutrients in diets, and the frequency with which they are habitually consumed. 
Researchers have used scores (or indices) to measure adherence to healthy dietary patterns, such as a Mediterranean 
style diet, or adherence to dietary guidelines. The scores are then used to examine associations between a given 
dietary pattern and health outcomes. Because of the increased prevalence of overweight and obesity in the United 
States, with associated co-morbidities, it is important to determine which dietary patterns may be associated with 
prevention or decreases in obesity, and how this information can be translated to nutrition policy recommendations. 
The objective of this systematic review question was to determine the association between adherence to a specific 
dietary pattern, assessed using an index or score, and measures of body weight or obesity. 
 
Conclusion Statement 
There is moderate evidence that, in adults, increased adherence to dietary patterns scoring high in fruits, vegetables, 
whole grains, legumes, unsaturated oils, and fish; low in total meat, saturated fat, cholesterol, sugar-sweetened foods 
and beverages, and sodium; and moderate in dairy products and alcohol is associated with more favorable outcomes 
related to body weight or risk of obesity, with some reports of variation based on gender, race, or body weight 
status. (Grade: II Moderate) 
 
Methods 

Literature searches were conducted using PubMed, Embase, Navigator (BIOSIS, CAB Abstracts, and Food Science 
and Technology Abstracts) and Cochrane databases to identify studies that evaluated the association between dietary 
patterns (using an a priori index or score) and risk of obesity. Studies that met the following criteria were included 
in the review: randomized controlled trials, non-randomized controlled trials, or prospective cohort studies; subjects 
aged 2 to18 years; subjects who were healthy or at elevated chronic disease risk; subjects from countries with high 
or very high human development (2011 Human Development Index); and published in English in peer-reviewed 
journals. The date range was unlimited. Diet exposure was assessed by adherence to a hypothesis-based dietary 
pattern, defined using a numerical scoring system.  
 
A group of technical experts were involved in a qualitative synthesis of the body of evidence, development of a 
conclusion statement, and assessment of the strength of the evidence (grade) using pre-established criteria including 
evaluation of the quality, quantity, consistency, magnitude o f effect, and generalizability of available evidence.  
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Findings  

• Fourteen studies met the inclusion criteria for this systematic review and the body of evidence consisted 
primarily of large prospective cohort studies. Two major categories of diet exposure were identified: 
Mediterranean style and dietary guidelines-related dietary patterns. 

• Adherence to a Mediterranean diet score or a dietary guidelines-related score was associated with decreased risk 
of obesity, with some reported variation based on gender or body weight status. 

• Adherence to a Mediterranean diet score or a dietary guidelines-related score was associated with decreased 
body weight, BMI, waist circumference, or percent body fat, with some variation based on gender and race. 

• Mediterranean or dietary guidelines-related dietary patterns share many beneficial characteristics and generally 
reflect a plant-based, minimally processed, nutrient-dense dietary pattern. Consistent components across the 
scores were beneficial foods including vegetables, fruits, whole grains, legumes, and sources of unsaturated fats 
(particularly fish); foods that were beneficial in moderation including dairy products and alcohol, and foods and 
nutrients presumed to be detrimental including total meat, saturated fat, cholesterol, sugar-sweetened foods and 
beverages, and sodium.  

 
Discussion  
The scores that were associated with decreased risk of obesity were the Mediterranean Diet Score (MDS), the 
relative Mediterranean Diet Score (rMED), the Healthy Eating Index (HEI)-1995 and a customized HEI-2005, the 
Diet Quality Index–International (DQI-I), the Dietary Guidelines Adherence Index (DGAI), and the French 
Programme National Nutrition Santé Guideline Score (PNNS-GS). Taken together, the positive components of 
scores that were associated with decreased risk of obesity were fruits, vegetables, whole grains, legumes, and fish. 
Alcohol was commonly included as a positive component when consumed in moderation. Meat and dairy, with 
some variations, were negative components in Mediterranean scores or recommended within specific ranges for 
dietary guidelines indices. The dietary guidelines indices also included saturated fat and cholesterol, or added non-
vegetable fats, as negative components above a specified level of intake. Sugar-sweetened food and drink 
components were included and scored negatively in most of the dietary guidelines indices. Overall, there were a 
large variety of dietary pattern scores used that were difficult to compare because foods were aligned, described, or 
scored in dissimilar ways.  
 
 

PLAIN LANGUAGE SUMMARY 
Is adherence to dietary guidelines or specific dietary patterns, assessed by a 

predetermined score, related to the likelihood of becoming overweight or obese? 
 

The analysis of dietary patterns takes into account overall diet intake, including all foods and beverages that an 
individual consumes over a specified period of time. Dietary patterns that have been identified as healthy or 
protective against disease have been identified, such as a Mediterranean style diet. Additionally, dietary guidelines 
recommend a specific dietary pattern that is healthy. Many researchers examine how well individuals follow a 
specific dietary pattern or set of dietary guidelines by creating a score that measures high, medium, and low 
adherence to the specified diet. These scores have been used to examine the relationship between specific dietary 
patterns and health outcomes. The objective of this question was to determine the relationship between adherence to 
a dietary pattern, assessed using a score, and measures of body weight or obesity. 
 
Conclusion   
There is moderate evidence that, in adults, increased adherence to dietary patterns scoring high in fruits, vegetables, 
whole grains, legumes, unsaturated oils, and fish; low in total meat, saturated fat, cholesterol, sugar-sweetened foods 
and drinks, and sodium; and moderate in dairy products and alcohol is associated with more favorable outcomes 
related to body weight or risk of obesity, with some reports of variation based on gender, race, or body weight 
status. 
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What the research says  

• In adults, individuals who had a high Mediterranean diet or dietary guidelines score were at lower risk of 
becoming obese than those who had a low score. A few studies reported some differences in men compared to 
women or differences in normal weight compared to overweight individuals. 

• Mediterranean or dietary guidelines-related patterns share many foods and beverages, and generally reflect a 
plant-based, minimally processed diet that is high in nutrients. Common foods, beverages, and nutrients were: 
(1) beneficial foods including vegetables, fruits, whole grains, legumes, and sources of unsaturated fats 
(particularly fish); (2) foods that were beneficial in moderation including dairy products and alcohol; and (3) 
foods and nutrients presumed to be harmful including total meat, saturated fat, cholesterol, sugar-sweetened 
foods and drinks, and sodium.  

 
 

EVIDENCE PORTFOLIO 
 
Conclusion Statement 
There is moderate evidence that, in adults, increased adherence to dietary patterns scoring high in fruits, vegetables, 
whole grains, legumes, unsaturated oils, and fish; low in total meat, saturated fat, cholesterol, sugar-sweetened foods 
and drinks, and sodium; and moderate in dairy products and alcohol is associated with more favorable outcomes 
related to body weight or risk of obesity, with some reports of variation based on gender, race, or body weight 
status. 
 
Grade 

II - Moderate 
 
Key Findings:  
• Two major categories of dietary pattern scores were identified in the literature: (1) studies that examined 

exposure based on a Mediterranean dietary pattern and (2) studies that examined exposure based on dietary 
guidelines recommendations. 

• In adults, adherence to a Mediterranean diet score or a dietary guidelines-related score is associated with 
decreased risk of obesity, with some reported variation based on gender or body weight status. 

• This protective association in adults is further supported by consistent evidence indicating that an increased 
Mediterranean diet score or dietary guidelines-related score is associated with decreased body weight, BMI, 
waist circumference, or percent body fat, with some variation based on gender and race. 
 

Evidence Summary Overview 
Description of the Evidence 

A total of 14 studies met the inclusion criteria for this systematic review and were categorized based on dietary 
pattern exposure. Two major categories were identified (appendix A): (1) studies that examined exposure based on a 
Mediterranean dietary pattern and (2) studies that examined exposure based on dietary guidelines recommendations. 
Taken together, there were six studies on Mediterranean diet scores (Beunza, 2010; Estruch, 2006; Mendez, 2006; 
Romaguera, 2010; Rumawas, 2009; Tortosa, 2007), five studies on dietary guidelines-based indices (Berz, 2011; 
Cheng, 2010; Gao, 2008; Kesse-Guyot, 2009; Zamora, 2010), two studies on Mediterranean scores and dietary 
guidelines indices (Lassale, 2012; Woo, 2008) and one study that used a trial-based customized score (Jacobs, 
2009). Two of the studies were RCTs of positive quality (Estruch, 2006; Jacobs, 2009). Twelve of the studies were 
prospective cohort studies; of these, ten were of positive quality (Berz, 2011; Beunza, 2010; Cheng, 2010; Gao, 
2008; Kesse-Guyot, 2009; Lassale, 2012; Mendez, 2006; Romaguera, 2010; Rumawas, 2009; Zamora, 2010) and 
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two were of neutral quality (Tortosa, 2007; Woo, 2008). The studies were carried out between 2006 and 2012. The 
sample sizes for the RCTs were from 187 to 769 subjects. The sample sizes for prospective cohort studies ranged 
from 732 to 373,803 participants (2 studies <1,000, 7 studies >1,000, 2 studies >10,000, and 1 study >100,000). 
RCT duration ranged from 3 to 12 months and observational study follow-up times from 1.5 to 20 years. 
 
Studies were conducted in the United States, Hong Kong, and Europe, including the ten European countries 
(Denmark, France, Germany, Greece, Italy, the Netherlands, Norway, Spain, Sweden, and the United Kingdom) of 
the EPIC-PANACEA project. Of the six studies on the Mediterranean dietary pattern alone, four studies were 
conducted in Spain (Beunza, 2010; Estruch, 2006; Mendez, 2006; Tortosa, 2007), one study was the European 
multicenter study that was part of EPIC-PANACEA (Romaguera, 2010), and one study was conducted in the United 
States (Rumawas, 2009). Of the six studies conducted on dietary guidelines-based indices, three studies were 
conducted in the United States with U.S.-based indices (Berz, 2011; Gao, 2008; Zamora, 2010), one study was 
conducted in Germany with an index developed in the United States (Cheng, 2010), and one study was conducted in 
France using a French index (Kesse-Guyot, 2009). The studies that compared Mediterranean diet scores and dietary-
guidelines based indices were conducted in France (Lassale, 2012) and Hong Kong (Woo, 2008), and the one study 
that used a trial-based customized diet score was conducted in Norway (Jacobs, 2009).  
 
Ten out of twelve of the prospective cohort studies were conducted with generally healthy adults with a mean age of 
25 to 63 years; however, two studies were conducted with children and adolescents (one with girls) (Berz, 2011; 
Cheng, 2010). The two RCTs were conducted in adults with elevated chronic disease risk: one study with a 
Mediterranean diet intervention on older adults at increased CVD risk with >90 percent overweight or obese 
(Estruch, 2006), and one study using an a priori diet intervention on men with metabolic syndrome (Jacobs, 2009). 
Studies varied in baseline weight status and ranged from <10 percent to >90 percent of subjects being overweight or 
obese, with the mid-range between 20 to 40 percent overweight or obese. Lastly, one of the studies was focused on 
Black, Caucasian, Hispanic, and Chinese participants (Gao, 2008), and one study was focused on Black and 
Caucasian young adults (Zamora, 2010); both of these studies examined ethnic/racial-specific differences in 
outcomes. 
 
Evidence Summary Paragraphs 

Mediterranean Dietary Pattern 
1. Estruch et al., 2006 (positive quality) conducted a parallel, multicenter randomized controlled trial (RCT) in 
Spain, the Prevencion con Dieta Mediterranea (PREDIMED) study, to assess the effects of a Mediterranean diet on 
primary prevention of cardiovascular disease in a high-risk group of men and women. Subjects either had type 2 
diabetes or three cardiovascular disease risk factors and 90 percent were overweight or obese. The PREDIMED trial 
assigned participants to three interventions: (1) Mediterranean diet with olive oil, (2) Mediterranean diet with mixed 
nuts, and (3) low-fat diet. This was the first report at 3 months of a 4-year clinical trial. The trial included 769 
subjects with average age of 69 years. Dietary intake was assessed with a validated 137-item FFQ and the degree of 
adherence was assessed with a 14-item Mediterranean diet score that is based on a version of the MDS that assesses 
a cardio-protective Mediterranean diet. The Mediterranean diet score increased in the two Mediterranean diet groups 
of the trial and remained unchanged in the low-fat group. There were no significant changes in body weight and 
adiposity within or between groups from baseline to the 3 months. The authors concluded that because the subjects 
had CVD risk factors, the fact that body weight did not increase was positive because there was no weight gain, 
even though the Mediterranean diet interventions involved ad libitum diets supplemented with unsaturated fats, such 
as those contained in olive oil and nuts. 
 
2. Beunza et al., 2010 (positive quality) reported on a prospective cohort study in Spain, the Seguimiento 
Universidad de Navarra (SUN) study, to examine the association between adherence to a Mediterranean dietary 
pattern and long-term weight change and incidence of overweight or obesity. This analysis of the SUN cohort of 
university graduates included 10,376 participants with a mean age of 38±11 years who were followed for 
approximately 6 years. Dietary intake was assessed with a semi-quantitative 136-item FFQ validated in Spain and 
adherence to a Mediterranean dietary pattern was assessed using the Trichopoulou MDS (2003). Dietary intake was 
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assessed biennially. Subject exposure was assessed in tertiles of low (0-3), medium (4-6), and high (7-9) adherence 
to the MDS. Participants with highest adherence to the MDS had lower average yearly weight gain, -0.059 kg/y 
(95% CI = -0.111 to -0.008 kg/y; P for trend = 0.02), than participants in the lowest adherence group. However, the 
MDS was not associated with incidence of overweight or obesity in participants who were normal weight at 
baseline. The authors concluded that adherence to the Mediterranean dietary pattern was significantly associated 
with reduced weight gain. Further, the authors interpret their results in a highly educated Mediterranean population 
(i.e., low risk) to indicate that this dietary pattern could be recommended to slow age-related weight gain. 
 
3. Lassale et al., 2012 (positive quality) conducted on a prospective cohort study in France to examine the 
relationship between diet quality and development of obesity by comparing the predictive value of six different 
dietary scores on weight change and risk of obesity. Subjects were participants in the SUpplementation en 
VItamines et Minereaux AntioXydants (SU.VI.MAX) study. This analysis included 3,151 adults, aged 45 to 60 
years, followed for 13 years. Dietary intake was assessed with 24-hour diet records collected every 2 months and 
records for the first 2 years of the study were used to determine baseline dietary habits. Diet quality was assessed 
using the MDS, rMED, MSDPS, the Diet Quality Index-International (DQI-I), the 2005 Dietary Guidelines for 
Americans Adherence Index (DGAI), and the French Programme National Nutrition Sante-Guidelines Score 
(PNNS-GS). Overall, better adherence to a Mediterranean diet (except for the MSDPS) or dietary guidelines was 
associated with lower weight gain in men who were normal weight at baseline (P for trend = <0.05). In addition, 
among the 1,569 non-obese men at baseline, the odds of becoming obese associated with one standard deviation 
increase in dietary score ranged from OR = 0.63 (95% CI = 0.51 - 0.78) for the DGAI to OR = 0.72 (95% CI = 0.59 
- 0.88) for the MDS, only the MSDPS was non-significant. In women, no association between diet scores and 
weight gain or incidence of obesity was found. The authors concluded that adherence to a Mediterranean diet or 
dietary guidelines, except MSDPS score, were associated with lower 13-year weight gain and lower obesity risk for 
men, while no associations were observed for women.  
 
4. Mendez et al., 2006 (positive quality) reported on a prospective cohort study in Spain, the European Prospective 
Investigation into Cancer and Nutrition (EPIC)-Spain study, to examine if adherence to a Mediterranean diet pattern 
was associated with reduced incidence of obesity. Analysis of the EPIC-Spain cohort included 27,827 participants, 
age range 29 to 69 years that were followed for approximately 3 years. Dietary intake was assessed with a validated, 
computerized diet-history instrument with >600 items. Mediterranean dietary pattern adherence was assessed using 
a slight modification of the Trichopoulou MDS (2003), with exposure expressed in tertiles of low (0-3), medium (4-
5), and high (6-8) adherence. Participants with highest MDS adherence had reduced incidence of obesity when 
overweight at baseline. Women were 27 percent and men 29 percent less likely to become obese (women OR = 0.69 
[95% CI = 0.54 - 0.89]; men OR = 0.68 [95% CI = 0.53 - 0.89]). High MDS adherence was not associated with 
incidence of overweight in subjects who were normal weight at baseline. When individual MDS score components 
were assessed, obesity incidence was higher in women who consumed more meat and lower in men who consumed 
more cereals (P<0.05). The authors concluded that promoting eating habits consistent with a Mediterranean dietary 
pattern may be useful in efforts to combat obesity. 
 
5. Romaguera et al., 2010 (positive quality) reported on a multicenter prospective cohort study conducted in ten 
countries across Europe, the EPIC-Physical Activity, Nutrition, Alcohol Consumption, Cessation of Smoking, 
Eating out of Home, and Obesity  (EPIC-PANACEA) study. This study examined the association between 
adherence to a Mediterranean dietary pattern, prospective weight change, and the incidence of overweight or 
obesity. Analysis of the EPIC-PANACEA cohort included 373,803 participants, age range 25 to 70 years, followed 
for 5 years. Dietary intake was assessed with country-specific FFQs and adherence was assessed using the relative 
Mediterranean Diet Score (rMED), a variation on the Trichopoulou MDS (2003), that assessed 9 components in 
g/1000 kcal for energy density. Subject exposure was assessed in tertiles of low (0-6), medium (7-10), and high (11-
18) adherence to the rMED. Participants with high rMED adherence gained less weight in 5 years than did 
participants with low rMED adherence (-0.16 kg [95% CI: -0.24 to -0.07 kg]). The contribution of each rMED 
scoring component was also assessed and it was found that the association between rMED and weight change was 
no longer significant when meat and meat products were not part of the score. The likelihood of becoming 
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overweight or obese in participants with high rMED adherence was OR = 0.90 (95% CI = 0.82 - 0.96) when 
compared to the low adherence group. Lastly, a meta-analysis of the OR scores of all 10 European countries showed 
that a 2-point increase in rMED score was associated with 3 percent (95% CI = 1 - 5%) lower odds of becoming 
overweight or obese over 5 years. The authors concluded that promoting the Mediterranean dietary pattern as a 
model of healthy eating may help prevent weight gain and the development of obesity. 
 
6. Rumawas et al., 2009 (positive quality) conducted a prospective cohort study using a subset of the Framingham 
Offspring and Spouse (FOS) study, which was conducted in the United States. The study examined the association 
between adherence to a Mediterranean dietary pattern and metabolic syndrome, including abdominal adiposity. The 
study analyzed 2,730 participants with a mean age of 54 years for metabolic syndrome traits including waist 
circumference, and subgroup of 1,918 participants for incidence of metabolic syndrome, over a 7-year period. 
Dietary intake was assessed using the Harvard semi-quantitative FFQ of 126 items and adherence was assessed 
using the Mediterranean-style dietary pattern score (MSDPS) based on the Mediterranean diet pyramid. The MSDPS 
has 13 components scored 0 to 10 based on servings per day or servings per week. Subject exposure was assessed in 
quintiles of low to high adherence to the MSDPS. Participants with a higher MSDPS had significantly lower waist 
circumference (P for trend < 0.001). The authors concluded that their study suggests that consumption of a diet 
consistent with the principles of a Mediterranean-style diet may protect against metabolic syndrome in Americans. 
 
7. Tortosa et al., 2007 (neutral quality) reported on a prospective cohort study in Spain, the Seguimiento 
Universidad de Navarra (SUN) study, to examine the association between adherence to a Mediterranean dietary 
pattern and metabolic syndrome, including abdominal adiposity. This analysis of the SUN cohort of university 
graduates included 2,563 participants initially free of metabolic syndrome (mean ages not reported) who were 
followed for 6 years. Dietary intake was assessed with a semi-quantitative 136-item FFQ validated in Spain and 
adherence to a Mediterranean dietary pattern was assessed using the MDS of Trichopoulou. Dietary intake was 
assessed biennially. Subject exposure was assessed in tertiles of low (0-2), medium (3-5), and high (6-9) adherence 
to the MDS. Participants in the highest tertile of adherence to the MDS had lower waist circumference, -0.05 cm 
over 6 years (P for trend = 0.038), compared to the lowest tertile. The authors concluded that this study provided 
evidence of an inverse relationship between MDS adherence and cumulative incidence of metabolic syndrome. 
 
8. Woo et al., 2008 (neutral quality) reported on a prospective cohort study in Hong Kong to examine dietary factors 
that predispose people to overweight or obesity. The study analyzed 732 participants with a mean age of 45 years 
over a period of 5 to 9 years. Dietary intake was assessed using a validated FFQ and adherence to the Mediterranean 
diet was assessed using the Trichopoulou MDS (2003). In addition, food variety was assessed by the ratio of variety 
of snacks to the variety of grains and meat. Diet quality was also assessed using the Diet Quality Index International 
(DQI-I). Incidence of overweight or obesity was calculated by dividing the number of subjects with normal BMI at 
baseline who became overweight or obese (N - >Ow/Ob) by the number with normal BMI at baseline. In 
multivariate analysis, increased adherence to either the MDS or DQI-I was associated with a slight, but not 
significant, increase in the risk of becoming overweight (OR =1.35 [95% CI = 0.94 - 1.93] and OR = 1.32 [95% CI 
= 0.92 - 1.89, respectively) when defined by the Asian criteria (BMI >23 kg/m2). Increased snack and food variety 
ratios were associated with increased risk of becoming overweight when defined by the Asian criteria (BMI >23 
kg/m2), however, there was no association when overweight defined as BMI >25 kg/m2 was used. This study 
showed no association between Mediterranean diet adherence, or diet quality assessed by DQI-I, and the 
development of overweight. The authors concluded that increased variety of snack consumption may predispose to 
weight gain over a 5- to 9-year period.   
 
Dietary Guidelines-Related Patterns 
Note: Lassale 2012 et al. (2012) and Woo et al. (2008) (described above) conducted studies that assessed both 
Mediterranean diet pattern scores and dietary-guidelines related indices. 
 
9. Berz et al., 2011 (positive quality) reported on a prospective cohort study to assess the effects of the Dietary 
Approaches to Stop Hypertension (DASH) eating pattern on BMI in adolescent females in the United States. The 
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Prospective National Growth and Health Study followed 2,327 girls aged 9 to 10 years over a 10-year period. 
Dietary intake was assessed using a 3-day food record collected for each year of the study. Diet quality was assessed 
using a modified DASH food group score, reflecting adherence to a DASH eating pattern as described in the 2005 
Dietary Guidelines for Americans. The score contained 10 food groups, three of which were excluded for the 
modified score used in this study: added sugars, discretionary fats and oils, and alcohol. The seven DASH-related 
groups in the modified score included fruits, vegetables, low-fat dairy, total and whole grains, lean meats, and nuts, 
seeds, and legumes. Subject exposure was assessed as quintiles of DASH score. Overall, girls in the highest vs. 
lowest quintile of DASH score had an adjusted mean BMI of 24.4 vs. 26.3 kg/m2 (P<0.05). The strongest individual 
food component predictors of BMI were total fruit and low-fat dairy. Whole-grain consumption was more weakly, 
but inversely, associated with BMI. The authors concluded that adolescent girls whose diet more closely resembled 
the DASH eating pattern had smaller gains in BMI over the 10-year period. This suggests that this eating pattern 
could help prevent excess weight gain during adolescence.  
 
10. Cheng et al., 2010 (positive quality) analyzed data from a prospective cohort study conducted in Germany, the 
Dortmund Nutritional and Anthropometric Longitudinally Designed (DONALD) study, to examine if the diet 
quality of healthy children prior to puberty was associated with body composition at onset of puberty. The final 
sample included 222 children, mean age 7.4 years, who were followed until the onset of pubertal growth spurt (Age 
at Take-Off = ATO). Dietary intake was assessed with 3-day weighed food records. Adherence to a diet pattern was 
assessed by the Nutritional Quality Index (NQI) or the Revised Children’s Diet Quality Index (RC-DQI). The NQI 
determine the extent to which a child meets the nutritional recommendation for particular nutrients. The RC-DQI 
rated diet quality by scoring childrens’ intakes in relation to the U.S. dietary intake recommendations. Thirteen 
dietary components were considered, including a proxy for energy balance. Subject exposure was assessed as high, 
medium, and low diet quality for both indices. Results showed that for both indices, a higher dietary quality was 
associated with a higher energy intake. Children with a lower diet quality according to their RC-DQI score had 
lower BMI and Fat Mass Index (FMI) Z-scores at baseline (P<0.01) but not at ATO. Lower NQI in pre-puberty was 
associated with a ~0.4 year-earlier ATO than children with a higher diet quality (P=0.02). The authors concluded 
that diet quality was not independently associated with body composition at ATO. Children with lower diet quality 
according to a nutrient density-based index appear to enter puberty at an earlier age, independent of pre-pubertal 
body composition. 
 
11. Gao et al., 2008 (positive quality) reported on a prospective cohort study of White, African American, Hispanic, 
and Chinese men and women in the Multi-Ethnic Study of Atherosclerosis (MESA) in the United States. The 
objective of the study was to assess the diet quality of a multiethnic population using and comparing the HEI-1995 
and a modified version, the HEI-05, in ability to predict obesity outcomes, as well as whether their predictive ability 
differed by ethnicity. A total of 6,236 subjects with mean age of 63 years were recruited from four ethnic 
populations and followed-up at 18 months. Dietary intake was assessed using a 120-item FFQ that included typical 
Hispanic and Chinese foods. Diet quality was determined using the HEI-1995 and the HEI-05, a modified HEI 
developed by the authors and based on the 2005 DGA, but distinct from HEI-2005. The HEI-05 used the same 
components, weighting, and scoring rules as the original HEI, but further adjusted the food group components to 
incorporate levels of caloric need based on gender, age, and activity level, as specified in the 2005 DGA. For the 
overall population, there was an inverse association between quintiles of each HEI score and BMI and waist 
circumference (WC) (P<0.001). The risk of obesity in normal weight participants was inversely associated with HEI 
scores only for Whites (P<0.05). A comparison of the HEI-1995 and HEI-05 scores indicated that beta-coefficients, 
as predictors of body weight and BMI, were higher for the HEI-05 scores in Whites. The authors concluded that 
their changes to the original HEI resulted in an HEI that was better at predicting obesity outcomes in a multi-ethnic 
population, although the improvement was primarily seen in the White population. The authors qualified this 
conclusion in the Discussion and stated that the HEI-05 was only slightly better than the original HEI in predicting 
both cross-sectional baseline and follow-up obesity outcomes. 
 
12. Kesse-Guyot et al., 2009 (positive quality) conducted a prospective cohort study in France to examine the 
association between adherence to a dietary score based on nutritional guidelines and changes in body weight, body 
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fat distribution, and obesity risk. Subjects were participants in the SUpplementation en VItamines et Minereaux 
AntioXydants (SU.VI.MAX) study and the score was the Programme National Nutrition Sante´ guidelines score 
(PNNS-GS), based on assessing adherence to 2001 French national guidelines for the general population. This study 
followed a total of 3,531 adults, aged 45 to 60 years, for 6 years. Dietary intake was assessed using 24-hour diet 
records every 2 months, covering all days of the week and seasons. Adherence to dietary guidelines was assessed 
using the PNNS-GS that includes 12 nutritional components: fruit and vegetables, starchy foods, whole grains, dairy 
products, meat, seafood, added fat, vegetable fat, sweets, water and soda, alcohol, and salt. The last PNNS-GS 
component is physical activity. In fully adjusted models, an increase of one PNNS-GS unit was associated with 
lower weight gain (P=0.004), lower waist circumference gain (P=0.01), lower waist-to-hip ratio gain (P=0.02), and 
lower BMI gain (P=0.002). An increase of 1 PNNS-GS unit was associated with a lower probability of becoming 
overweight (including obese), OR = 0.93 (95% CI: 0.88 - 0.99). Similarly, an increase of 1 PNNS-GS unit was 
associated with a lower probability of becoming obese, OR = 0.89 (95% CI: 0.80 - 0.99). The authors concluded that 
their study showed that nutritional guidelines can play a role in the prevention of age-related weight increase and the 
development of obesity.  
 
13. Zamora et al., 2010 (positive quality) analyzed data from the prospective cohort study, Coronary Artery Risk 
Development in Young Adults (CARDIA), which was conducted in the United States, to examine the association 
between diets consistent with the 2005 DGAs and subsequent weight gain in Black and White young adults. The 
CARDIA study followed 4,913 participants (average age 25 years) over 20 years. Dietary intake was assessed with a 
quantitative 100-item diet-history questionnaire. Diet quality was assessed using DQI-2005 to determine adherence 
to 10 components of the 2005 DGAs: total fat, saturated fat, cholesterol, added sugars, reduced-fat milk, fruit, 
vegetables, whole grains, nutrient-dense foods, and limited sodium and alcohol intake. The study results differed by 
race. A 10-point increase in DQI score was associated with a 10 percent lower risk of gaining 10 kg in normal-
weight Whites, but with a 15 percent higher risk in obese Blacks (P<0.001). The mean adjusted 20-year weight 
change was +19.4 kg for Blacks and +11.2 kg for Whites with high DQI (DQI>70) and +17.8 kg for Blacks and 
+13.9 kg for Whites with a low DQI (DQI<50) (P<0.05). The authors concluded that a diet consistent with the 2005 
DGAs was associated with more weight gain in Blacks, particularly obese Blacks, but with less weight gain in 
Whites. However, even Whites with a high DQI score gained weight over the 20-year study period. Therefore, they 
concluded that a diet consistent with the 2005 DGAs was not beneficial for long-term weight maintenance in young 
American adults.  
 
Other Scores: 
14. Jacobs et al., 2009 (positive quality) conducted a randomized controlled trial in Norway, the Oslo Diet and 
Exercise Study (ODES), to examine the effect of changes in diet patterns on body weight and other intermediate 
metabolic markers of chronic disease risk. The final sample included 187 men, mean age 45 years, who met the 
criteria for metabolic syndrome. Subjects were randomly assigned to: (1) the diet protocol, (2) the exercise protocol, 
(3) the diet + exercise protocol, or (4) the control protocol. The trial duration was 12 months. Dietary intake was 
assessed with a validated 180-item FFQ. An a priori diet score, developed by the authors, was used to determine 
adherence to the intervention. The diet score was based on summing tertile rankings of 35 food-group variables with 
postulated beneficial, neutral, or adverse effects on health. A higher score reflected the recommended dietary 
changes in the ODES trial. Over the year of the study, the diet score increased by 2±5.5 in both diet groups, with a 
decrease of an equivalent amount in the exercise and control groups. The weight change was -3.5 kg/10-point 
change in diet score (P<0.0001). Similarly, per 10-point change in diet score, waist circumference decreased by 2.8 
cm (P<0.0001) and percent body fat decreased by 1.3 percent (P<0.0001). Additionally, when the results related to 
diet score were adjusted for intervention group these body size changes were attenuated, but still significant. 
Subjects with a higher diet score also had more favorable changes in other markers of metabolism. The authors 
concluded that a more favorable diet pattern was associated with improved body size and metabolic profile. 
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Qualitative Synthesis of the Collected Evidence 
Themes and Key Findings for Total Scores and Indices 
Intermediate Outcomes: Body Weight, BMI, Waist Circumference, Percent Body Fat 
 
The intermediate outcomes included in this review were body weight, BMI, waist circumference, and percent body 
fat. Overall, seven studies reported on body weight, four reported on BMI, five reported on waist circumference, and 
one reported on percent body fat (table 4-A-I-1).  
 
Body Weight: Six out of seven studies that examined body weight found that an increase in Mediterranean diet score 
or dietary guideline index was associated with improved body weight in adults. Based on total scores, four studies 
reported a protective association, including an association between the MDS (Beunza, 2010), rMED (Romaguera, 
2010), PNNS-GS (Kesse-Guyot, 2009), and a customized a priori score (Jacobs, 2009) and body weight. Two 
studies reported mixed results. Lassale et al. found a protective association between the MDS, rMED, (but not 
MSDPS), DQI-I, DGAI, and PNNS-GS and body weight in men, but not in women. Zamora et al. found a protective 
association between the DQI-2005 and body weight in normal weight Caucasians but increased body weight in 
obese Blacks. One study found no effect of a Mediterranean diet intervention on body weight in at-risk elderly 
(Estruch, 2006).  
 
BMI: Of the four studies that assessed BMI independent of risk of overweight or obesity, two were conducted with 
adults using HEI scores or the PNNS-GS (Gao, 2008; Kesse-Guyot, 2009) and two were conducted with children 
and adolescents using the Revised Children’s (RC)-DQI or a DASH score (Cheng, 2010; Berz 2011). The two 
studies in adults found an association between an increased dietary guidelines index and decreased BMI over time, 
although the multiethnic MESA study found this primarily in Caucasians (Gao, 2008). The two studies in children 
and adolescents examined pre-puberty to puberty onset (Cheng, 2010) or the adolescent period (Berz, 2011) with 
differing results. Although Cheng et al. found no association between the RC-DQI score and BMI at puberty onset 
in boys and girls, Berz et al. found that girls in the highest quintile of DASH score had the smallest gains in BMI 
throughout adolescence.   
 

Waist Circumference and Percent Body Fat: Waist circumference was measured as a component of metabolic 
syndrome and five studies assessed this measure of abdominal adiposity. All of these studies were consistent in that 
they found an inverse association between a score or index and waist circumference over time (Jacobs, 2009; Kesse-
Guyot, 2009; Rumawas, 2009 [MSDPS]; Tortosa, 2007 [MDS]), although the MESA study found this association 
primarily in Caucasians (Gao, 2008). Jacobs et al. also assessed changes in percent body fat and found that an 
increase in a customized a priori diet score was associated with a decrease in percent body fat in subjects with 
metabolic syndrome. 
 

Taken together, the majority of studies found that an increase in Mediterranean diet score or dietary guideline-
related index was associated with some measure of improved body weight or composition in adults. The MDS, 
followed by the rMED and PNNS-GS were the most commonly applied scores associated with a protective outcome. 

  



 

Dietary Patterns  26 

Table 4-A-I-1 Summary of Findings  
Hypothesis that increased adherence to dietary pattern improves measures of body weight and risk of obesity 

Study/ Cohort/ Index or Score  Body 
Weight 

Body Mass 
Index 

Waist 
Circumference 

and Percent Body 
Fat 

Incidence of Overweight or 
Obesity 

Estruch 2006/ PREDIMED/a priori 
Med  (∅)    

Zamora 2010/CARDIA/DQI-2005  (+) Whites* 
   

Jacobs 2009/ODES/a priori diet 
score  (+) 

 
(+) for WC 
(+) for %Body Fat  

Beunza 2010/SUN/MDS  (+) 
  

(∅) N  Ow + Ob 

Lassale 2012/SU.VI.MAX/ MDS, 
rMED, MSDPS, DQI-I, DGAI, PNNS-
GS  

(+) Men 
(∅) Women   

(+) N + Ow  Ob Men 
(∅) Women 

Romaguera 2010/ EPIC-PANACEA/ 
rMED  (+) 

  
(+) N  Ow + Ob 

Kesse-Guyot 2009/SU.VI.MAX/ 
PNNS-GS  (+) (+) (+) for WC 

(+) N  Ow + Ob                                              
(+) N  + Ow  Ob 

Cheng 2010/DONALD/RC-DQI  
 

(∅) 
  

Berz 2011/PNGHS/DASH score   
 

(+) 
  

Gao 2008/MESA/HEI-95, -05                           
 

(+) Whites** 
(+) for WC 
Whites 

(+) Whites, N  Ob 
(∅) N  Ow 

Tortosa 2007/ SUN/MDS  
  

(+) for WC 
 

Rumawas 2009/ Framingham/MSDPS  
  

(+) for WC 
 

Mendez 2006/EPIC-Spain/MDS  
   

(+) Ow  Ob 
(∅) N  Ow 

Woo 2008/Hong Kong/MDS and DQI-I  
   

(∅) N  Ow 

 (+) Indicates that study supports the hypothesis; (-) Indicates that study does not support the hypothesis; 
(∅) Indicates no change; Blank cells indicate the relationship was not examined 
*Normal weight Whites & (-) in Ob Blacks; ** (∅) in Blacks, Hispanics, Chinese 

 
 

Endpoint Outcomes: Incidence of Overweight and Obesity 
Seven studies included in this review considered the relationship between dietary patterns and the clinical outcome 
of incident overweight or obesity. The results varied across the studies on the Mediterranean diet scores and dietary 
guideline indices (tables 4-A-I-1 and 4-A-I-3).  
 
Association: Two studies found a protective, inverse relationship between either a Mediterranean score (rMED) or 
dietary guidelines index (PNNS-GS) and risk of normal weight individuals becoming overweight or obesity over  
5 to 6 years (Romaguera, 2010; Kesse-Guyot, 2009). The Romaguera (2010) study included a meta-analysis of the 
ten EPIC-PANACEA countries and showed an association between a continuous increase in rMED score and a 
decrease in odds of normal weight individuals becoming overweight or obese.  
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Mixed Association: There were varied results in three studies. Lassale et al. found an inverse association between the 
MDS, rMED, (but not MSDPS), DQI-I, DGAI, and PNNS-GS scores and odds of non-obese individuals becoming 
obese over 13 years only in men. For women, there was no association of any diet score with obesity risk; however, 
there was a non-significant reduction in obesity risk with an increase in rMED or PNNS-GS. Other studies reported 
no differences by gender or did not assess men and women separately. Gao et al. examined Black, Caucasian, 
Hispanic, and Chinese Americans in the MESA study to determine if ethnicity impacted the association between 
either of two HEI scores and incidence of overweight or obesity. They found that the ability of HEI scores to predict 
risk of obesity was significant only in Caucasians. Mendez et al. examined the 3-year incidence of normal weight 
individuals developing overweight and overweight individuals developing obesity. They found an inverse 
association between MDS score and likelihood of overweight individuals becoming obese, but no association for 
normal weight individuals becoming overweight. The mixed results in these three studies are discussed further 
below related to methodological differences in weight categories across studies. 
 
Null Association: There were null findings reported in two studies. Woo et al. assessed adherence to the MDS and 
DQI-I and incidence of normal weight individuals becoming overweight or obese in an ethnic Chinese population 
from Hong Kong. They found no association between the MDS or DQI-I and development of overweight, even by 
the Asian standard of BMI ≥23 kg/m2, or obesity over 5 to 9 years. Beunza et al. assessed adherence to the MDS and 
incidence of normal weight individuals becoming overweight or obese and found the MDS was not associated with 
incidence of overweight or obesity over 6 years. These studies are discussed further below related to methodological 
differences in weight categories across studies. 
 
Differences in weight categories across studies: The method by which these studies assessed risk of overweight or 
obesity varied in terms of how weight categories at baseline and follow-up were operationalized. As indicated in 
Table 4-A-I-1, analysis of weight gain included changes from (1) normal weight to overweight; (2) normal weight to 
obese; (3) normal weight to overweight and obese; or (4) non-obese to obese. Three studies that followed normal 
weight individuals for development of overweight (BMI ≥25 to <30 kg/m2) found no protective effect of adherence 
to the MDS (Mendez, 2006; Woo, 2008), HEI (Gao, 2008), or DQI-I (Woo, 2008). Gao et al. and Woo et al. also 
assessed normal weight individuals becoming obese (BMI ≥30 kg/m2); Gao reported an association only in 
Caucasians; whereas, Woo reported no association between dietary guidelines index and obesity. The three studies 
that assessed normal weight individuals for development of overweight or obesity (BMI ≥25 kg/m2) found 
inconsistent results. Beunza et al., found no association between the MDS and incidence of overweight or obesity. 
However, Romaguera et al. and Kesse-Guyot et al. found there was an inverse association between the rMED or the 
PNNS-GS, respectively, and risk of becoming overweight or obese. These studies were all conducted in Europe and 
compared the same weight status over a similar time period, although they used different scores to assess diet 
exposure. Additionally, the SUN cohort examined by Beunza et al. was relatively young (mean age 38.4 years) with 
>90 percent non-obese participants. A fourth weight status comparison was assessing the risk of non-obese (BMI 
≤30 kg/m2) individuals becoming obese. Both Lassale et al. and Kesse-Guyot et al. assessed non-obese individuals 
becoming obese in the same SU.VI.MAX cohort. Kesse-Guyot found an inverse association between the PNNS-GS 
and obesity incidence; whereas, Lassale found an inverse association between several diet scores and obesity 
incidence in men but not women.  
 
When viewed based on the method by which weight categories were operationalized, three studies showed that 
adherence to a dietary pattern was not associated with risk of normal weight individuals becoming overweight (Gao, 
2008; Mendez, 2006; Woo, 2008), although the Gao study showed that adherence was associated with risk of 
normal weight individuals (Caucasians) becoming obese (Gao, 2008); two out of three studies showed an 
association with risk of normal weight individuals developing overweight or obesity (Romaguera, 2010; Kesse-
Guyot, 2009); two out of two studies found an association with risk of non-obese individuals becoming obese 
(Kesse-Guyot, 2009; Lassale, 2012), although Lassale found this only in men; and one study showed an association 
with risk of overweight individuals becoming obese (Mendez, 2006).  
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Themes and Key Findings for Components of Scores and Indices: 

Components of Mediterranean Diet Pattern Scores and Dietary Guidelines-Related Indices 
Three studies assessed the association between individual components of a Mediterranean diet score or dietary 
guidelines index and weight change or incidence of overweight and obesity. Mendez et al. found that when 
individual components of the MDS were assessed, overweight and obesity incidence was higher in women, but not 
men, who consumed more meat; whereas, obesity incidence was lower in men, but not women, who consumed more 
cereals. Romaguera et al. found that the association between rMED adherence and weight change was only 
significant when the meat and meat products component was included in the score. Both the MDS and rMED are 
population-based scores, with the cereal component including whole and refined grains, and the meat component 
defined as meat and poultry in the MDS and total meat including processed meat in the rMED. In the Prospective 
National Health and Growth study in girls, BMI was assessed throughout adolescence for association with average 
intake of four DASH food groups: total fruits, vegetables, whole grains, and low-fat dairy over 10 years (Berz, 
2011). Total fruit, low-fat dairy, and to a lesser extent whole grains had a beneficial association with BMI over this 
time period.  
 
Components across All Scores and Indices 
The scores or indices that were associated with the clinical endpoint of interest―risk of overweight or 
obesity―were the MDS, rMED, HEI-1995 and a customized HEI-05, DQI-I, DGAI, and PNNS-GS. (Although, 
some studies found no association with MDS (Beunza, 2010; Woo, 2008) or DQI-I (Woo, 2008) in low-risk or 
Asian populations, respectively.) Scores or indices that were associated with decreased risk of overweight or obesity 
in adults were selected to examine commonalities in components across scores related to the clinically significant 
outcome, rather than intermediate or surrogate markers of outcomes. (The components of these scores are described 
in detail in table 4-A-I-2.) These scores include the MDS, rMED, and PNNS-GS that were also the most commonly 
applied scores associated with a protective outcome in body weight, BMI, or waist circumference in adults. The 
MSDPS was not associated with either endpoint obesity outcomes or intermediate outcomes including body weight 
and BMI, although Rumawas et al. found an inverse association between MSDPS and waist circumference. Lastly, 
although this review included a study that utilized the DASH score (Berz, 2011), they did not consider the clinical 
outcomes of overweight or obesity in analyses, and thus, the DASH score was not included in the comparison 
below. Berz et al. reported that the DASH score was associated with BMI in girls throughout adolescence, but they 
did not assess adults.  
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Table 4-A-I-2 Comparison of Dietary Components Across Dietary Pattern Scores and Indices 

Components 
Med Diet Score 

(MDS) 
Trichopolou et al. 2003 

EPIC-Greece 

Relative Med Diet Score 
(rMED) 

Buckland et al. 2009 
EPIC-Spain 

Healthy Eating Index 
(HEI)* 

Kennedy et al. 1995 
1990 DGAs 

Diet Quality Index 
International (DQI-I) 

Kim et al. 2003 
US(CSFII) and China (CHNS) 

DGA Adherence Index (DGAI)†† 
Fogli-Cawley et al. 2006 

2005 DGAs 

Programme National Nutrition Santé 
Guideline Score 

(PNNS-GS) 
Estaquio et al. 2009 

2001 PNNS 
 Total Score 

0-9 
Total Score 

0-18 
Total Score 

0-100 
Total Score 

0-100 
Total Score 

0-20 
Total Score 

0-15 

Vegetables ≥Median = 1 
<Median = 0 

Vegetables (except potatoes) 
0,1,2 

(low to high) 
 

0-10 
3-5 serv/d=10 

0-5 
3-5 serv/d=5 
0 serv/d=0 

Meets DGA=1 
Meets >33%=0.5 

Meets<33%=0 
+ Dark green, orange, starchy‡‡ 

Fruit & Vegetables 
0,0.5,1,2 

Legumes ≥Median = 1 
<Median = 0 0,1,2   0,0.5,1  

Fruits and/or Nuts 
 

≥Median = 1 
<Median = 0 

Fruits 
(+nuts & seeds, not juice) 

0,1, 2 

Fruits 
2-4 serv/d=10 

Fruits 
2-4 serv/d=5 
0 serv/d=0 

Fruit, variety of fruit & vegetables 
0,0.5,1 

Fruit & Vegetables 
0,0.5,1,2 

Cereals and Whole 
Grains 

≥Median = 1 
<Median = 0 

Whole grain & refined flour, pasta, 
rice, bread, grains 

0,1,2 

Grains 
6-11 serv/d=10 

Grains 
6-11 serv/d=5; 0 serv/d=0 

Fiber 
20-30g/d=5;0 g/d=0 

Grains, Whole grains 
≥50%  whole=1 

Fiber 14g/1000kcal=1 

Bread, cereal, potatoes, legumes 
0-1 

Whole Grains 
0-1 

Fish or Fresh Fish ≥Median = 1 
<Median = 0 0,1,2  Fish is included in “Variety”  Seafood 

≥2 serv/wk=1 

Fat 
MUFA/SFA 
≥Median = 1 
<Median = 0 

Olive Oil 
0,1,2 

Total Fat 10-0 
<30%E - >45%E 

SFA 10-0 
<10%E - >15%E 

Total Fat 6-0 
≤20%E=6; 20-30%E=3; >30%E=0 

SFA 6-0 
≤7%E=6; 7-10%E=3 >10%E=0 

Total fat 
20-35%E=1, SFA<10%E=1, 

> or <=0, 
Low-fat choices 

≥75%=0.5 
[meat & milk each] 

Vegetable Fat 
Veg/total ≤0.5 = 0 
Veg/total >0.5 = 1 

Added Fat 
≥16%E = 0 
<16%E = 1 

Alcohol 5-25♀, 
10-50♂ g/d =1 

Moderate=2 
>or < moderate=0 

(mod defined using MDS cutoffs) 
 Empty calorie foods 

≤3%E=6; 3-10%E=3; >10%E=0 

≤2 drinks/d ♂=1 
≤1 drinks/d ♀=1 

>above=0 

Wine 
≤3 glasses/d ♂=0.8; >=0 
≤2 glasses/d ♀=0.8; >=0 
Abstainers or <1x/wk=1 

Total Meat 
 

≥Median = 0 
<Median = 1 

Meat & Poultry 

Total + proc meat 
2,1,0 

(low to high) 

Meat 
2-3 serv/d=10 

[legumes if needed for 10] 
Meat is included in “Variety” 

Meat & Legumes 
0,0.5,1,0.5 

[legumes if needed to meet 1.0] 

Meat, poultry, seafood, eggs 
0,0.5,1,0 

Dairy Products ≥Median = 0 
<Median = 1 

Low & high fat milk, yogurt, 
cheese, desserts 

2,1,0 

Milk 
2-3 serv/d=10 Dairy is included in “Variety” Milk & Milk products 

0,0.5,1 
Milk & Dairy products 

0,0.5,1,0.5 

Sweets or Sugar 
Products    Empty calorie foods 

≤3%E=6; 3-10%E=3; >10%E=0 

Added sugar 
<5%E=1 

5-8.5%E=0.5 
>8.5%E=0 

Sweetened foods 
-0.5,0,1 
Soda 

0,0.5,0.75,1 

Sodium   10-0 
<2400mg - >4800mg 

≤2400mg/d=6 
2400–3400mg/d=3 

>3400mg/d=0 

<2300 mg=1 
>2300 mg=0 

Salt 
-0.5 – 1.5 

Cholesterol   10-0 
<300 mg - >450 mg 

Cholesterol 6-0 
≤300mg=6; 300-400mg=3; >400mg=0 

Cholesterol 
<300mg=1 
>300mg=0 

 

Trans fat     <1%E naturally occurring=1  
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*Gao et al. compared the original HEI with their customized version, HEI-05, based on the levels of calorie need specified by the 2005 DGAs (men and women 45-50 y - active, mod active, sedentary; men 
and women >50 y - active, mod active, sedentary). 
‡Along with other diet scores, both Lassale et al. and Woo et al. used the DQI-I that has 4 groups of components as follows:  

Variety: overall food group variety (0-15 points); within-group variety for protein source (0-5 points).  
Adequacy: vegetables, fruits, cereals, fiber, protein, Fe, Ca, vitamin C (0-5 points each). Nutritional recommendations are specific to the country where the score is applied, here France.  
Moderation: total fat, saturated fat, cholesterol, Na, empty-energy foods (0-6 points each).  
Overall balance: macronutrient ratio (carbohydrate: protein: fat, 0-6 points); fatty acid ratio (PUFA:MUFA:SFA, 0-4 points).  

‡‡DGAI penalized for overconsumption for energy dense (ED) foods (in grey) w/ -0.5 pt for exceeding recommended intakes ≥ 5 servings 

(+) Positive components 

(−) Negative components 

(+m) Positive in moderation  

Component score based on correspondence to recommendations: maximum points for meeting guidelines and proportional points for percent deviation, (+) and (-) 

Table 4-A-I-2 Comparison of Dietary Components Across Dietary Pattern Scores and Indices―continued 

Components 
Med Diet Score 

(MDS) 
Trichopolou et al. 2003 

EPIC-Greece 

Relative Med Diet Score 
(rMED) 

Buckland et al. 2009 
EPIC-Spain 

Healthy Eating Index 
(HEI)* 

Kennedy et al. 1995 
1990 DGAs 

Diet Quality Index 
International (DQI-I) 

Kim et al. 2003 
US(CSFII) and China (CHNS) 

DGA Adherence Index (DGAI)†† 
Fogli-Cawley et al. 2006 

2005 DGAs 

Programme National Nutrition Santé 
Guideline Score 

(PNNS-GS) 
Estaquio et al. 2009 

2001 PNNS 

 Total Score 
0-9 

Total Score 
0-18 

Total Score 
0-100 

Total Score 
0-100 

Total Score 
0-20 

Total Score 
0-15 

Protein    10% E=5 
0% E=0   

CHO:PRO:FAT    0-6 
55-65:10-15:15-25 = 6   

PUFA:MUFA:SFA    
P/S & M/S=1-1.5=4 

P/S & M/S=0.8-1.7=2 
Other=0 

  

Iron, Calcium, 
Vitamin C    100% RDA (or AI)=5 

0%=0   

Variety   
10-0 

16 dif foods/3 d=10 
<6 dif foods/3 d 

Overall food variety 0-15 
(meat/poultry/fish/eggs; 

dairy/beans;grain;fruit;vegetables) 
Protein food variety 0-5 

(meat,poultry,fish,dairy,beans, eggs) 

Variety based on score for fruit and 
vegetables  

Physical Activity     Included in determining subject 
calorie level 

Adherence to physical activity 
recommendations 

0-1.5 
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Food components that were common across these scores or indices were operationalized differently in that foods 
were aligned, described, or scored in dissimilar ways. Given this caveat, the food groups, as well as foods or 
nutrients, that were included as positive components in these scores were fruits (MDS and rMED specified fruits and 
nuts; DQI-I and DGAI added fruit variety), vegetables (rMED excluded potatoes; DGAI gave positive points for 
dark-green and orange vegetables and penalized for overconsumption of starchy vegetables; DQI-I and DGAI added 
vegetable variety); whole grains, in some combination with refined grains in cereals, flour, pasta, rice, and bread; 
legumes; fish (MDS and rMED) or seafood (PNNS-GS); and dietary fat as olive oil (rMED), MUFA/SFA (MDS), 
PUFA/MUFA/SFA (DQI-I), percent total fat and percent SFA (HEI, DQI-I, DGAI), or added fats and added 
vegetable fats (PNNS-GS). Moderate alcohol intake was commonly included as a positive component, with different 
cut-offs for men and women; exceptions were the HEI that did not include alcohol and the DQI-I that included 
alcohol as part of the empty calorie foods.  
 
There was inconsistency in the way meat and dairy were evaluated. The Mediterranean diet scores assessed meat 
(MDS included meat and poultry; rMED included meat and processed meats) and dairy (rMED included low- and 
high-fat milk, yogurt, cheese, and desserts) negatively. For dietary guidelines indices, meat and dairy were scored 
based on meeting recommended servings, with maximum points for meeting guidelines and proportional negative 
points for percent deviation (with the exception of the HEI that did not deduct points for overconsumption). The 
DQI-I included meat and dairy in both the food group and protein variety components.  
 
There were additional components included only in some indices. The DGAI, PNNS-GS, and DQI-I included added 
sugar, sweetened foods, or empty-calorie foods (foods low in nutrient density, including sugar), respectively; these 
were scored negatively above a specified percent energy intake or below a specified level of nutrient density for the 
DQI-I. The PNNS-GS also negatively scored sweetened beverages, in relation to water consumption, under a 
separate beverage component. The dietary guidelines-related indices had additional components including sodium 
(or salt), cholesterol (not PNNS-GS), and trans fats (only DGAI). Three of the dietary guidelines indices included 
diet variety (DQI-I, DGAI, and HEI). Furthermore, the DQI-I score that predicted the lowest odds of non-obese men 
becoming obese in the Lassale et al. study included many components not present in other scores or indices. These 
were food group variety and within-group variety in dietary protein (both noted above for meat and dairy); adequacy 
that included vegetables, fruits, cereals, fiber, protein, iron, calcium, and vitamin C; the above empty-energy foods; 
and in addition to a PUFA/MFA/SFA ratio, a macronutrient carbohydrate/protein/fat ratio. Overall, the DQI-I was 
more nutrient-based than food-based, compared to the other scores and indices. Woo et al., in addition to the MDS 
and DQI-I, also looked at food variety and found that variety in snack consumption was associated with weight gain.  
 
Taken together, the positive components of the scores or indices that were associated with decreased risk of obesity 
in one or more studies were fruits (MDS and rMED included nuts with the fruit component), vegetables, whole 
grains, legumes, unsaturated fats, and fish. Alcohol was commonly included as a positive component when 
consumed in moderation. Meat and dairy, with some variations, were negative components in Mediterranean scores 
or recommended within specific ranges for dietary guidelines indices. The dietary guidelines indices also included 
saturated fat and cholesterol, or added non-vegetable fats, as negative components above a specified level of intake. 
Lastly, the sugar or sweets component was included and scored negatively in three out of the four dietary guidelines-
related indices, although similar components were not included in either the MDS or rMED.  
 
Qualitative Assessment of the Collected Evidence  

Quality and Quantity 
Quality assessment for the studies included in this systematic review involved determining the validity of each 
study. Validity was assessed by examining the scientific soundness of study design and execution to avoid potential 
bias in the findings related to outcomes. This can include selection, performance, attrition, detection, or reporting 
bias. As the preponderance of the evidence consisted of positive quality studies (12 out of 14 studies), this indicates 
a low risk of bias. In terms of quantity, the majority of these studies were prospective cohort studies with large 
numbers of participants in nationally recognized cohorts.  
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Consistency 
The evidence of a protective association between a dietary pattern score and change in body weight over time was 
consistent in the majority of studies that used either a Mediterranean diet score or dietary guidelines index in healthy 
adult populations, although there were differences reported based on gender and race. The evidence related to other 
intermediate markers such as changes in BMI and waist circumference was also consistent. However, there was 
more variation in the endpoint outcome of incidence of overweight or obesity, including within study variation 
based on gender, race, and weight status, and between study variations in health outcomes. Inconsistency across 
these studies could be due to differences in the health outcomes measured, variability in the study populations, or 
differences in assessment of adherence to a given dietary pattern. Although overweight and obesity were similarly 
defined according to BMI cutoff points (except Woo et al.), there were differences in the way baseline weight status 
(e.g., normal weight or non-obese) and follow-up weight status were categorized, which could have contributed to 
inconsistency in results. This variation could also contribute to risk of bias due to outcome measures. Furthermore, 
some studies calculated overweight and obesity risk separately by gender or race, while others only assessed the 
pooled population. Across the studies, there were differences in populations as well. The two RCTs were conducted 
in different at-risk populations. Although the majority of prospective cohort studies were conducted in Europe, there 
were differences in cohorts; for example, age and weight status of the baseline population in the SUN cohort 
compared to EPIC cohorts. Lastly, the assessment of dietary exposure in these studies was determined using a large 
number of different Mediterranean diet pattern scores and dietary guidelines-related indices.  
 
Impact 
This body of evidence directly addressed the interventions/exposures and health outcomes of interest for this 
systematic review. Overall, several large prospective cohort studies found a decrease in incidence of overweight and 
obesity associated with adherence to a Mediterranean diet score or dietary guidelines index. Although not clinical 
trials, these cohort studies reported results that are applicable in free-living populations. For example, in the largest 
study, EPIC-PANACEA, Romaguera et al. reported that a change from lowest to highest rMED adherence reduced 
the likelihood of normal weight individuals becoming overweight or obese in 5 years by 10 percent. It should be 
noted, however, that not all studies found this protective association.  
 
Generalizability/External Validity   
The preponderance of the evidence related to the Mediterranean dietary pattern involved large prospective cohort 
studies conducted in Europe, with four out of eight studies conducted in Spain. In terms of generalizability related to 
the American population, one study was conducted in the United States, and this study assessed waist circumference 
as a component of metabolic syndrome (Rumawas, 2009). Therefore, although there was evidence with high quality 
studies on the Mediterranean dietary pattern in Europe, there was limited data regarding the U.S. population and 
intermediate outcomes and no data on incidence of overweight and obesity.  
 
Related to dietary guidelines patterns, four studies examined U.S. populations, but only two studies focused on 
healthy adults. Both of these studies included more heterogeneous ethnic/racial groups than the European studies, as 
one focused on multi-ethnic outcomes from the MESA cohort (Gao, 2008) and one, the CARDIA study, focused on 
differences between Black and Caucasian young adults (Zamora, 2010). Both of these studies found a protective 
effect of adherence to an a priori index only in Caucasians. The remaining dietary guidelines related studies were 
conducted in France, Hong Kong, Germany, and Norway. 
 
Given the limited evidence involving U.S. cohorts, the relevance of this body of evidence to U.S. policy on dietary 
patterns and risk of overweight and obesity would seem to depend on the extent to which results from studies 
conducted with large European cohorts can be applied to the United States. One of the benefits of doing an 
index/score-based analysis is that investigators can compare across cohorts because food components are chosen a 
priori and are independent of specific populations (although the numeric scoring of dichotomous scores, such as the 
MDS, are based on median population intakes). Studies, such as that conducted by Lassale et al. that assessed both 
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Mediterranean diet scores and U.S.-based (as well as French) dietary guidelines indices, with similar predictive 
values for obesity, at least in men, provide some further evidence that findings from studies conducted with large 
European cohorts may be applicable to U.S. populations. This is supported by the fact that the European countries 
and the United States are classified as “very high” Human Development Index countries. Furthermore, although 
individual studies may not be representative of the population of interest, consistent findings across studies may 
suggest broad applicability of the results (Viswanathan, 2012). 
 
Limitations of the Evidence 
Limitations of the studies included in this systematic review, and potential reasons for differences and 
inconsistencies in results, include the use of different scores; differences between scores that are based on median 
population intakes versus indices that are based on recommended intakes; the use of different confounding factors or 
lack of sufficient adjustment for confounding factors; the problems associated with the use of different FFQs and 
validation related to other methods of diet assessment; and the handling of underreporting. Furthermore, in the 
majority of studies, total scores or indices were used and there was no separate analysis of individual score 
components and their potential association with outcomes. The application of the total score to the diet pattern 
analysis has the potential to “dilute” the effect of individual components. However, the assessment of individual 
components without interaction terms assumes that a given component has an independent association which 
potentially contradicts the theoretical rationale for examining the overall dietary pattern. Lastly, another common 
limitation was the single measurement of dietary intake at baseline. This does not take into account that diets change 
over time due to trends in the food supply and population-level and individual-level changes in food choices.  
 
Abbreviations 

Scores & Indices: Dietary Approaches to Stop Hypertension (DASH); Dietary Guidelines Adherence Index 
(DGAI); Diet Quality Index (DQI); DQI-International (DQI-I); Revised Children’s (RC)-DQI; Healthy Eating Index 
(HEI), Alternate Healthy Eating Index (AHEI); Mediterranean Diet Score (MDS); Mediterranean Style Diet Pattern 
Score (MSDPS); Relative Mediterranean Diet Score (rMED); Programme National Nutrition Santé Guideline Score 
(PNNS-GS)  
Cohorts: Coronary Artery Risk Development in Young Adults (CARDIA); Dortmund Nutritional and 
Anthropometric Longitudinally Designed (DONALD); European Prospective Investigation into Cancer and 
Nutrition (EPIC); EPIC-Physical Activity, Nutrition, Alcohol Consumption, Cessation of Smoking, Eating out of 
Home, and Obesity  (EPIC-PANACEA); Framingham Offspring and Spouse (FOS); Multi-Ethnic Study of 
Atherosclerosis (MESA); Prevencion con Dieta Mediterranea (PREDIMED); Seguimiento Universidad de Navarra 
(SUN); SUpplementation en VItamines et Minereaux AntioXydants (SU.VI.MAX)  
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Table 4-A-I-3 Overview Table: Body Weight and Obesity  

Author, Year 
Quality Rating 
Study Design 

Sample Size 
Location 
Duration 
Dietary 

Assessment 

Population 
Age/Gender 

Weight Status 
Cohort 

Exposure 
Index/Score 

Results:  
Intermediate 
BW, BMI, WC 

Results:  
Endpoint 

Overweight or Obesity Incidence 

Mediterranean Dietary Pattern 
Estruch et al., 
2006 
 
Positive 
 
RCT 
 

Initial N = 772  
Final N = 769 
 
Spain 
 
3 m 
 
FFQ (137 item) 

50–80 y 
 
50–60% Women 
 
90% Ow or Ob 
 
PREDIMED 

Consumption of 
Mediterranean foods: 
olive oil, vegetables, 
fruits, wine, shellfish, 

nuts, legumes, tomato 
sauce as well as non-
Mediterranean foods: 

red meats, butter, 
carbonated beverages, 

pastries 

↑ Adh MDS (+OO):   
  ↓BW -0.19 kg (CI: -0.46 to 0.07)  
  ↓BMI -0.12 kg/m2 (CI: -0.24 to 0.06) 
  ↓WC :-0.82 cm (CI: -1.80 to 0.14) 
  All not significant 
 
↑ Adh MDS (+nuts):   
   ↓BW –0.26 kg (CI: -0.59 to 0.08) 
   ↓BMI –0.09 kg/m2 (CI: -0.24 to 0.05) 
   ↓WC –0.29 cm (CI: -0.95 to 0.37)  
  All not significant   
 

Not Reported 
 
 

Buenza et al., 
2010 
 
Positive 
 
Prospective 
Cohort 

N = 10,376 
 
Spain 
 
6 y 
 
FFQ (136 item) 

Mean = 38±11 y 
 
54% Women 
 
BMI range 23±3 to 24±3 
 
SUN 
 

MDS 
(+) vegetables, fruit & 

nuts, legumes,  cereals, 
fish, MUFA/SFA;   

(+m) alcohol;      
(-) meat, dairy 

↑ Adh MDS: ↓ BW -0.059 kg/y; 
  (CI: -0.111 to  -0.008); P for trend = 0.02   

↑ Adh MDS: ↓ risk >5kg weight gain/4 y 
follow-up; OR=0.76 (CI: 0.64 - 0.90) 

No assoc  w/ ↑ Adh MDS  and incidence 
of Ow or Ob (BMI > 25 kg/m2) in 
participants normal weight (BMI <25  
kg/m2) at baseline 
 
 

Lassale et al., 
2012 
 
Positive 
  
Prospective 
Cohort 

N = 3,151 
 
France 
 
13 y 
 
Multiple 24-hr 
diet records 

Mean = 51.7±4.6 y 
 
47% Women 
 
BMI (%): 
61.8% Normal  
32.0% Ow 6.25% Ob  
 
SU.VI.MAX 

MDS 
rMED 

MSDPS 
DQI-I 
DGAI 

PNNS-GS 

↑ Adh MDS, rMED, DQI-I, PNNS-GS 
assoc w/ ↓BW in normal BW ♂; P for 
trend <0.05 
 
MSDPS – not significant 
♀ -  not significant 

↑ Adh MDS, rMED, DQI-I, PNNS-GS by 1 
sd ↓odds of becoming Ob:  
OR = 0.63 (CI: 0.51 - 0.78) for DGAI to 
OR = 0.72 (CI: 0.59 - 0.88) for MDS in 
non-Ob ♂ 
 
MSDPS – not significant 
♀ -  not significant 

Mendez et al., 
2006 
 
Positive 
 
Prospective 
Cohort 

N = 27,827 

Spain 

3 y 

Computerized  600 
item diet history 

29–69 y 
 
62% Women 
 
Normal and Ow 
(numbers not specified) 
 
EPIC-Spain 

MDS 
(+)vegetables, fruit, 

legumes,  cereals, fish, 
MUFA/SFA;   
(+m) alcohol; 

(-) meat; dairy and nuts 
were not included in 

scores, but were 
analyzed separately 

Not Reported ↑ Adh MDS: Ow ->Ob 
OR = 0.69 (CI: 0.54 - 0.89) ♀ 
OR = 0.68 (CI: 0.53 - 0.89) ♂ 
 
↑ Adh MDS: Normal ->Ob, NS 
 
Components: 
↑ Ob incidence, ♀ who consumed more 
meat 
↓ Ob incidence, ♂ who consumed more 
cereal 
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Table 4-A-I-3 Overview Table: Body Weight and Obesity―continued 

Author, Year 
Quality Rating 
Study Design 

Sample Size 
Location 
Duration 
Dietary 

Assessment 

Population 
Age/Gender 

Weight Status 
Cohort 

Exposure 
Index/Score 

Results:   
Intermediate 
BW, BMI, WC 

Results:  
Endpoint 

Overweight or Obesity Incidence 

Romaguera et al., 
2010 
 
Positive 
 
Prospective 
Cohort 

N = 373,803 

10 European countries 

5 y 

Dietary questionnaires 
were country specific  

25–60 y 
 
72% Women 
 
Baseline wt reported by 
gender for each country:  
 
♂ BMI = 24.2 to 28.4 
♀ BMI = 22.9 to 28-6 
 
EPIC- PANACEA 
 

rMED 
(+) whole grains, 

vegetables, fruit/nuts/ 
seeds, legumes, fish, 

OO;  
(+m) alcohol;   

(-) meat & proc meat, 
dairy 

↑ Adh rMED: gained less weight in 5 y,  
-0.16 kg (CI: -0.24 to -0.07 kg) 

↑ Adh rMED: normal -> Ow / Ob 
OR = 0.90 (CI: 0.82 - 0.96) 
 
Meta-analysis: OR scores of 10 EPIC 
countries showed ↑ Adh rMED of 2 pts 
assoc w/ 3%  (CI: 1 to 5%) ↓ odds Ow or 
Ob over 5 y 

Rumawas et al., 
2009 
 
Positive 
 
Prospective 
Cohort 

N = 2,730  

U.S. 

7 y 

FFQ (Harvard Semi-
quantitative) 

 

Mean = 54 y 
 
55% Women 
 
Mean BMI = 26.3  to 27.0  
across quintiles 
 
Framingham Offspring 
and Spouse  (FOS) 

MSDPS 
whole-grain cereals, 

fruit, vegetables, dairy, 
wine, fish, poultry, 

olives/legumes/ nuts, 
potatoes, eggs, sweets, 

meat, and OO 

↑ Adh MSDPS: ↓WC; P for trend = 0.001 Not Reported 

Tortosa et al., 
2007 
 
Neutral 
 
Prospective 
Cohort 

N = 3,497 

Spain 

6 y 

FFQ (136 item) 

 

Not Reported 
 
BMI <30  kg/m2 
 
SUN 

MDS 
(+) vegetables, fruit & 

nuts, legumes, cereals, 
fish, MUFA/SFA;   

(+m) alcohol;      
(-) meat, dairy 

↑ Adh MDS: ↓WC , -0.05 cm/6 y;  
P for trend = 0.038 

Not Reported 

Woo et al., 2009 
 
Neutral 
 
Prospective 
Cohort 

N = 732 
 
Hong Kong 
 
 
5-9 y  
 
FFQ (7 categories) 

Mean = 45 y 
 
53% Women 
 
♂ = 232 Ow (BMI≥23 
kg/m²);  
115 normal BMI  range 
 
♀ = 222 Ow;  
163 normal BMI range 

MDS 
(+) vegetables, fruit & 

nuts, legumes,  cereals, 
fish, MUFA/SFA;   

(+m) alcohol;      
(-) meat, dairy 

 
DQI-I  

4 groups of 
components* 

 
 
 
 
 
 
 
 
 

 
 
 
 

Not Reported Adh to MDS or DQI-I was not significantly 
associated with risk of becoming Ow; 
OR = 1.35 (CI: 0.94 - 1.93) and 1.32  
(CI: 0.92 - 1.89) for MDS and DQI-I, 
respectively 
[defined by Asian criteria (BMI >23 kg/m2)] 
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Table 4-A-I-3 Overview Table: Body Weight and Obesity―continued 

Author, Year 
Quality Rating 
Study Design 

Sample Size 
Location 
Duration 
Dietary 

Assessment 

Population 
Age/Gender 

Weight Status 
Cohort 

Exposure 
Index/Score 

Results:   
Intermediate 
BW, BMI, WC 

Results:  
Endpoint 

Overweight or Obesity Incidence 

Dietary Guidelines-Related Patterns 

Lassale et al., 2012, and Woo et al., 2008, described above, also assessed dietary-guidelines related indices.  

Berz et al., 2011 
 
Positive 
 
Prospective 
Cohort 

N = 2,327 
 
U.S. 
 
10 y 
 
3-day diet record each 
exam year 
 
 
 

9–10 y 
 
100% Girls 
 
Baseline wt not reported 
 
Prospective National 
Growth and Health Study 

DASH Food Group 
Score: 

fruits, vegetables, 
low-fat dairy, total and 

whole grains, lean 
meats, and nuts/ 
seeds/ legumes 

↑ Adh DASH score: ↓ BMI 
24.4 vs 26.3 kg/m2 (P<0.05) 
 
Components:  
Total fruit (BMI, 26.0 vs 23.6 for <1 vs  
  >=2 serv/day; P<0.001)  
Low-fat dairy (BMI, 25.7 vs 23.2 for <1    
  vs >=2 serv/day, P<0001)  
Whole grain weakly but beneficially 
associated with BMI. 

Not Reported 

Cheng et al., 2010 
 
Positive 
 
Prospective 
Cohort 

N = 222 
 
Germany 
 
Followed to onset of 
pubertal growth spurt 
(Age at Take-Off = 
ATO) 
 
Parents kept 3-day 
food records  
  

Mean = 7.4 y 
 
54% Girls 
 
BMI Z-score by NQI 
tertiles −0.2 (−0.7, 0.4)  
0.2 (−0.5, 0.8) 0.3 (−0.4, 
0.7) P=0.2 
 
DONALD study 
 

Revised Children’s 
(RC) DQI 

(+) vegetables, fruits, 
total & whole grains, 
dairy, LA and ALA, 
DHA and EPA, iron,  

E balance,  
(-) sugar, total fat 

↓Adh RC-DQI: ↓ BMI and Fat Mass Index 
(FMI) Z-scores at baseline (P<0.01), not 
at ATO 

Not Reported 

Gao et al., 2008 
 
Positive 
 
Prospective 
Cohort 

N = 5,516 
 
U.S. 
 
18 mos 
 
FFQ (120 item) 

Mean = 63 y 
 
53% Women 
 
Mean BMI = 28.2 kg/m²; 
White = 27.7,  
Chinese = 24.0,  
Black = 30.0,  
Hispanic = 29.4 
 
MESA study 

HEI-1995/05 
(+)vegetables, fruits, 
grains, meat, milk, 

variety  
(-) total fat, SFA, 

cholesterol, sodium 

↑ Adh HEI scores: ↓ BMI and WC 
(P<0.001) 

↑ Adh HEI scores: ↓risk of obesity  
(N ->Ob) only for Whites (P<0.05) 

Kesse-Guyot et 
al., 2009 
 
Positive 
 
Prospective 
Cohort 

N = 3,531 
 
France 
 
6 y 
 
24-h Food Records 
 

45–60 y 
 
45% Women 
 
BMI (%): 
60.4% Normal  
33.0% Ow  
6.6% Ob  
 
SU.VI.MAX 
 
 
 
 
 
 
 
 

PNNS-GS 
12 nutritional 

components: fruit & 
vegetables, starchy 
foods, whole grains, 
dairy products, meat, 
seafood, added fat, 

vegetable fat, sweets, 
water & soda, alcohol, 

and salt; 
1 physical activity 

component 
 
 
 
 
 
 
 
 
 

↑ 1 PNNS-GS unit associated w/  
↓ weight gain (P = 0.004), ↓ WC gain (P 
= 0.01), ↓ waist-to-hip ratio gain (P = 
0.02), and ↓ BMI gain (P = 0.002) 

↑ 1 PNNS-GS unit assoc w/ ↓ probability 
of becoming Ow (incl Ob), OR = 0.93 
(95% CI: 0.88 - 0.99) 
 
↑ 1 PNNS-GS unit  assoc w/ ↓ probability 
of becoming Ob, OR = 0.89 (95% CI: 0.80 
- 0.99) 
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Table 4-A-I-3 Overview Table: Body Weight and Obesity―continued 

Author, Year 
Quality Rating 
Study Design 

Sample Size 
Location 
Duration 
Dietary 

Assessment 

Population 
Age/Gender 

Weight Status 
Cohort 

Exposure 
Index/Score 

Results:   
Intermediate 
BW, BMI, WC 

Results:  
Endpoint 

Overweight or Obesity Incidence 

Zamora et al., 
2010 
 
Positive 
 
Prospective 
Cohort 

N = 4,913 
 
U.S. 
 
20 y 
 
Quantitative diet 
history 

Mean = 25.4±3.4 y  
 
55% Women 
 
Mean BMI:  
  Black = 25.3 
  White = 23.7  
 
% Ow:  
  Black 24.5% 
  White 21.4% 
 
% Ob: 
  Black16.8% 
  White 6.8% 
 
CARDIA study 

DQI-2005 
(+) vegetables, fruit, 
whole grains, low-fat 

milk,  
(-) total fat, SFA, 

cholesterol, sodium, 
sugar, alcohol 

Overall, having a high (compared with 
low) diet quality was associated with a 
25% lower risk of major weight gain  
(HR= 0.75, 95% CI= 0.65-0.87) 
 
↑ Adh DQI score (DQI >70): 20 y weight 
change = +19.4 kg for blacks and +11.2 
kg for whites vs ↓ Adh DQI score (<50): 
+17.8 kg for blacks and +13.9 kg for 
whites (p<.05). 
 
 

10-point increase in DQI score:10%      ↓ 
risk of gaining 10 kg in normal-weight 
whites, but a 15% ↑  risk in obese Blacks 
(P<0.001) 

Other Scores 
Jacobs et al., 
2008 
 
Positive 
 
RCT 

Initial N = 219 
Final N = 187 
 
Norway 
 
1 y 
 
FFQ (180 item) 
 
 

Mean = 45 y 
 
100% Men 
 
BMI = 28.6±3.4 kg/m² 
 
Subjects  w/ metabolic 
syndrome 

a priori score 
35 food components** 

Weight change = -3.5 kg/10-point change 
in diet score (P<0.0001) 

Not Reported 

 

Research Recommendations 

Given the combined evidence from this systematic review, several research recommendations can be advanced. 
Most striking is the need for consensus on a single index or score that is applicable across populations for a diversity 
of outcomes. If it is not feasible that one index can adequately assess the diversity of populations related to dietary 
patterns, research should be conducted to determine the best method by which components are chosen, grouped, and 
scored and whether or not the research tool is population based or independent of the population, so that there is 
uniformity across scores. The studies included in this review were focused on total scores, rather than component 
scores and their association with health outcomes. To strengthen the analysis of component scores, the interaction 
terms across components need to be assessed in order to maintain a dietary patterns approach. For prospective 
cohort studies, diet intake should be measured at multiple time points with assessment of dietary changes over the 
time as they relate to health outcomes. 
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Section II:  Factor and Cluster Analysis  
By Patricia C. MacNeil, Joan Lyon, and Joanne M. Spahn 

 
Are prevailing patterns of diet behavior in a population, assessed using factor or cluster 
analysis, related to body weight or risk of obesity? 

 
 

TECHNICAL ABSTRACT 
 
Background 

The goal of this systematic review project is to identify patterns of food and beverage intake that promote health and 
prevent disease. Historically, most dietary guidance has been based on research conducted on individual food 
components or nutrients. Dietary patterns are defined as the quantities, proportions, variety, or combination of 
different foods, drinks, and nutrients (when available) in diets, and the frequency with which they are habitually 
consumed. Factor and cluster analysis allow examination of the relationship between prevailing dietary patterns of a 
population and outcomes of public health concern. The objective of this systematic review was to assess the 
relationship between patterns of food and beverage intake identified using factor and cluster analysis, and risk of 
obesity.  
 
Conclusion Statement  
Limited and inconsistent evidence from epidemiological studies examining dietary patterns derived using factor or 
cluster analysis in adults found that consumption of a dietary pattern characterized by vegetables, fruits, whole 
grains, and reduced-fat dairy products tends to be associated with more favorable body weight status over time than 
consumption of a dietary pattern dominated by red meat, processed meats, sugar-sweetened foods and drinks, and 
refined grains. (Grade: III-Limited). 
 
Methods  

Literature searches were conducted using PubMed, Embase, Navigator (BIOSIS, CAB Abstracts, and Food Science 
and Technology Abstracts) and Cochrane databases to identify studies that evaluated the association between dietary 
patterns defined using factor or cluster analysis and risk of obesity. Studies that met the following criteria were 
included in the review: Human subjects; Ages: 2 years and older; Populations: Healthy and those with elevated 
chronic disease risk;  subjects from countries with high or very high human development (based on the 2011 Human 
Development Index); randomized controlled trials, non-randomized controlled trials, or quasi-experimental studies; 
Sample size: Minimum of 30 subjects per study arm; Dropout rate less than 20 percent; Study assesses dietary intake 
using factor and cluster analysis; study considered body weight and risks of overweight and obesity; published in 
English in a peer-reviewed journal. The date range for the conduct of studies was unlimited. 
 
The results of each included study were summarized in evidence worksheets (including a study quality rating) and 
evidence table. A group of subject matter experts were involved in a qualitative synthesis of the body of evidence, 
development of a conclusion statement, and assessment of the strength of the evidence (grade) using pre-established 
criteria including evaluation of the quality, quantity, consistency, magnitude of effect, and generalizability of 
available evidence.   
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Findings  

Eleven prospective cohort studies, ranging in length from 3 to 20 years, examined dietary patterns and their 
association with body weight. To derive dietary patterns, seven studies used factor analysis and four studies used 
cluster analysis. Eight studies were conducted in the United States, with three additional studies from the United 
Kingdom, Iran, and Denmark. Sample sizes ranged from 206 to 51,670 participants.  
 
• Variability in the studies included in this review, including populations considered, dietary assessment methods 

used, the number and type of food groupings included in the analyses, and the statistical techniques employed, 
made comparisons among studies challenging. 

• The number of patterns identified in the studies ranged from 2 to 6 and some similarities emerged among them. 
The patterns were not consistently defined by specific foods but rather by a range of foods with overlap among 
the patterns. What differentiated the patterns was the amount or frequency of each food consumed.  

• Dietary patterns derived from factor or cluster analysis that were associated with lower risk of obesity were 
characterized by the presence of vegetables, fruit, whole grains, and reduced-fat dairy. In adults, results pointed 
toward a more favorable weight status, lower weight/waist circumference (WC) gain, and lower body mass 
index (BMI) over time.  

• Dietary patterns that emerged in factor or cluster analysis associated with a higher risk of obesity were 
characterized by the presence of red meat and processed meats, sugar-sweetened foods and drinks, and refined 
grains.  Results related to consumption of these patterns pointed toward increased body weight and waist 
circumference measures over time. 

 
Discussion  

The ability to draw strong conclusions was limited due to the following issues: 
• In factor and cluster analysis, the consolidation of food items into food groups, the number of factors or clusters 

to extract, and even the labeling of components are subjective. Furthermore, patterns derived from either factor 
or cluster analysis may not be reproducible across studies because elements of dietary patterns and analytic 
decisions differ.  

• Dietary pattern analysis using factor or cluster methods may not be very informative in determining which 
elements of the diet or which biological relationships between these elements are responsible for the health 
outcome. 

• Some studies completed over long periods of time did not account for changes to subjects’ diets or seasonal 
variations in food supplies, which may have influenced the food components of patterns. 

• The patterns derived through analyses may not represent the most beneficial or detrimental patterns relative to 
the health outcome of interest.  

 
 

PLAIN LANGUAGE SUMMARY 
How combinations of foods and beverages, or dietary patterns, impact body weight 

 
In the past, researchers looked at the relationship between individual foods and nutrients and health. Today, there is 
interest in looking at how combinations of foods and beverages, or dietary patterns, impact health. Statistical 
methods called factor and cluster analyses can be used to describe the patterns of foods and beverages people eat. 
This summary of a NEL review presents what we know about dietary patterns of certain groups of people described 
using factor and cluster analysis and the likelihood of becoming overweight or obese.   
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Conclusion 
Limited and inconsistent evidence from epidemiological studies examining dietary patterns derived using factor or 
cluster analysis in adults found that consumption of a dietary pattern characterized by vegetables, fruits, whole 
grains, and reduced-fat dairy products tends to be associated with more favorable body weight status over time than 
consumption of a dietary pattern characterized by red meat, processed meats, sugar-sweetened foods and drinks, and 
refined grains. 
 
What the Research Says 
• Results from the 11 studies included in this review tell us that dietary patterns high in vegetables, fruits, low-fat 

dairy products, and whole grains may prevent adults from gaining weight. 
• Consuming a diet pattern high in red meat, processed meats, sugar-sweetened foods and drinks, and refined 

grains may increase the likelihood of weight gain in adults. 
 
 
 

EVIDENCE PORTFOLIO 
 

Conclusion Statement 
Limited and inconsistent evidence from epidemiological studies examining dietary patterns derived using factor or 
cluster analysis in adults found that consumption of a dietary pattern characterized by vegetables, fruits, whole 
grains, and reduced-fat dairy products tends to be associated with more favorable body weight status over time than 
consumption of a dietary pattern characterized by red meat, processed meats, sugar-sweetened foods and drinks, and 
refined grains. 
 
Grade 
III – Limited 
 
Key Findings: 

• Cluster and factor analyses are data-driven approaches that describe the dietary patterns consumed by the study 
population. Variability in the studies included in this review, including populations considered, dietary assessment 
methods used, the number and type of food groupings included in the analyses, and the statistical techniques employed, 
made comparisons among studies challenging. 

• The number of patterns identified in the studies ranged from 2 to 6 and some similarities emerged among them. The 
patterns were not consistently defined by specific foods, but rather by a range of foods with overlap among the patterns. 
What differentiated the patterns was the amount or frequency of each food consumed.  

• Dietary patterns that emerged in factor or cluster analysis that were associated with lower risk of obesity were 
characterized by the presence of vegetables, fruit, whole grains, and reduced-fat dairy. In adults, results pointed toward a 
more favorable weight status, lower weight/waist circumference (WC) gain, and lower body mass index (BMI) over 
time.  

• Dietary patterns derived from factor or cluster analysis associated with a higher risk of obesity were characterized by the 
presence of red meat and processed meats, sugar-sweetened foods and drinks, and refined grains. Results related to 
consumption of these patterns pointed toward increased body weight and waist circumference measures over time. 

• Ethnicity and socioeconomic status were often not reported or included in analyses. Insufficient evidence was available 
to support conclusions related to children and adolescents. 
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Evidence Summary Overview 

Description of the Evidence 

Factor and cluster analyses are data-driven approaches that empirically derive food intake patterns (appendix A). A 
total of 11 studies met the inclusion criteria for this systematic review (table 4-A-II-1).  All studies were prospective 
cohort studies, and 10 of 11 received a positive quality rating. Eight of the eleven studies were conducted in the 
United States, with additional studies from the United Kingdom. (McNaughton, 2007), Iran (Hosseini-Esfahani, 
2011), and Sweden (Newby, 2006). The sample sizes for the studies were from 206 to 51,670 participants (3 studies 
<500, 4 studies <2,500, 1 study <4500, and 3 >30,000). The follow-up times for these observational studies ranged 
from 3 to 20 years. The majority of the studies were conducted with generally healthy adult men and women 
(Duffey, 2012; Hosseini-Esfahani, 2011; McNaughton, 2007; Newby, 2003; Newby, 2004; Togo, 2003), while five 
studies focused on dietary patterns in women only (Boggs, 2011; Bewby, 2006; Quatromoni, 2002; Ritchie, 2007; 
Schulze, 2006). Finally, one study (Ritchie, 2007) was conducted in children to examine weight gain in adolescence 
over the period of follow-up. In general, the strengths of these studies include their prospective design and length of 
follow-up. 
 
Dietary intake in these prospective cohort studies was assessed using various methods. Six studies used food 
frequency questionnaires ranging from 26 to 168 items (Boggs, 2011; Hosseini-Esfahani, 2011; Newby, 2006; 
Quatromoni, 2002; Schulze, 2006; Togo, 2003). The dietary assessment of three cohorts was by diet records of 3, 5, 
or 7 days (McNaughton, 2007; Newby, 2003; Newby, 2004). One study assessed intake using a diet history 
questionnaire (Duffey, 2012). To derive dietary patterns, seven studies used factor analysis (Boggs, 2011; Hosseini-
Esfahani, 2011; McNaughton, 2007; Newby, 2004; Newby, 2006; Schulze, 2006; Togo, 2003) and four studies used 
cluster analysis (Duffey, 2012; Newby, 2003; Quatromoni, 2002; Ritchie, 2007). 
 
The endpoint outcomes of interest in this review were measures of weight status. Three studies examined change in 
body weight; seven studies reported on BMI; and six studies reported on waist circumference.One study each 
examined percent body fat and incidence of overweight/obesity. In eight of the studies, the outcomes were measured 
by study personnel; in three studies, body weight was self-reported (Boggs, 2011; Newby, 2006; Schulze, 2006). 
 
Evidence Summary Paragraphs 

Boggs et al., 2011 (positive quality) conducted a prospective cohort study in the U.S.to assess dietary patterns in 
relation to weight gain using data from the Black Women's Health Study (BWHS) in 1995, 2001, and 2009. 
Participants (n = 41,351), ranging in age from 21 to 54 years old, self-administered a 68-item FFQ in 1995 and an 
85-item FFQ in 2001. FFQ items were aggregated into 35 predefined food groups on the basis of similarity of 
nutrient content. Two major dietary patterns were identified using factor analysis (principal components analysis): 
• “Vegetables/Fruit” (vegetables, fruit, legumes, fish, and whole grains) 
• “Meat/Fried Foods” (red meat, meat, fries, fried chicken, and added fat)  
  
Overall, there was no significant association between 14-year weight gain and the “Vegetables/Fruit” pattern. In a 
subsample (12,736) of women who maintained approximately the same dietary patterns over time (remained within 
one quintile of their 1995 dietary patterns), the “Vegetables/Fruit” pattern was associated with significantly less 14-
year weight gain overall (highest compared with lowest quintile: 10.88 and 11.94 kg, respectively; P for trend = 
0.003). The “Meat/Fried Foods” pattern was not significantly associated with 14-year weight gain overall. However, 
mean weight gain was significantly greater in the highest quintile relative to the lowest quintile of the “Meat/Fried 
Foods” pattern among women with normal weight at baseline (10.77 compared with 10.09 kg; P for trend = 0.002). 
Among women who maintained the same dietary patterns over time, the “Meat/Fried Foods” pattern was associated 
with significantly greater 14-year weight gain overall (highest compared with lowest quintile: 12.02 and 10.15 kg, 
respectively; P for trend < 0.001). The authors concluded that these findings indicate that African American women 
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may achieve long-term weight maintenance by consuming a diet high in vegetables and fruit and low in red meat 
and fried foods. 
 
Duffey et al., 2012 (positive quality) conducted a prospective cohort study in the United States to examine  the 
association of different dietary patterns with or without diet beverage consumption and the risk of cardiometabolic 
outcomes, using data from the Coronary Artery Risk Development in Young Adults (CARDIA) study. Participants 
(n = 4,161), ranging in age from 18 to 30 years old, responded to a validated, interviewer-administered CARDIA 
diet history questionnaire, followed by a quantitative diet history. Foods and beverages from the baseline diet history 
were categorized into 43 food groups by using the Nutrition Coordinating Center algorithm, measured as energy per 
day from food group. The “diet beverages” food group (measured by servings per day) was used to identify baseline 
consumers of diet beverages, and these groups were labeled “consumers” and “nonconsumers.” Two distinct 
baseline dietary patterns were identified using cluster analysis: 
• “Prudent diet” (fruit, milk, yogurt, cheese, nuts, seeds, fish, and whole grains) 
• “Western diet” (meats, poultry, refined grains, soda, fast food, fruit drinks, egg and egg dishes, legumes, and 

snacks) 
 
Results related to waist circumference (WC) showed no significant differences between “Prudent diet” and 
“Western diet” pattern for diet beverage nonconsumers. “Prudent diet” nonconsumers had lower risk of high waist 
circumference than “Western diet” consumers. The authors concluded that overall dietary pattern and diet beverage 
consumption are important, to various degrees, for different metabolic outcomes. 
 
Hosseini-Esfahani et al., 2011 (positive quality) extracted a subset of data from the Tehran Lipid and Glucose 
Study (TLGS), a prospective cohort study conducted in Iran, and used factor analysis to determine whether changes 
in food patterns were related to obesity. The data was from two periods of the TLGS survey: 1999-2001 and 2005-
2007. Participants (n = 206), mean age 42 years old, answered a 168-item FFQ. FFQ items were then aggregated 
into 21 food groups according to macronutrient composition. During the two stages of study, three dietary patterns 
were identified:  
• “Healthful” (high intake of fruit, vegetables, dairy, oil, whole grains, poultry, and fish) 
• “Western” (high intake of processed meats, fat, salty snacks, fatty sauces, and sweet beverages)  
• “Mix” (high-fat red meats, legumes, nuts and seeds, sweets, tea, and coffee) 
   
Changes in each food pattern score were calculated by subtracting each factor score obtained in 1999-2001 from the 
corresponding values obtained in 2005-2007. In a multivariate adjusted model, overweight/obese individuals 
(β=0.41 R²=0.22, P<0.01) and the total population (β=0.30 R²=0.21, P<0.05) who had increased “Western” pattern 
scores showed increases in BMI. No significant relationship was found between change in the “Mix” pattern score 
and alterations in BMI or WC. Subjects in the highest quartile for changes in the “Healthful” pattern score showed a 
significantly smaller change in waist-to-hip ratio (WHR) compared to those in the lowest quartile, the reference 
group (β=-0.77 R²=0.43, P<0.01). This trend was seen before and after adjusting for confounding variables. No 
significant relationship was observed between changes in WHR and changes in the scores for either the “Western” 
or the “Mix” patterns. The authors concluded that increased adherence to the “Western” pattern and decreased 
adherence to the “Healthful” pattern could contribute to obesity.   
 
McNaughton et al., 2007 (positive) analyzed data from the Medical Research Council (MRC) National Survey of 
Health and Development (NSHD), also known as the 1946 British Birth Cohort, to assess the relationship between 
dietary patterns during adult life (at ages 36, 43, and 53 years) and risk factors for chronic disease at age 53. The 
dietary data was collected in 1982, 1989, and 1999 and risk factors were measured in 1999, when subjects were age 
53 years. Dietary intake was assessed at each time point using a 5-consecutive-day food diary. Foods and beverages 
consumed in 1982, 1989, or 1999 were allocated to one of 126 food groups. The distribution of foods and beverage 
item consumption was highly skewed, so a binary variable was created for each item (consumers or nonconsumers). 
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Exploratory factor analysis was conducted and dietary patterns consistent across the three time points were 
identified (described further in Mishra, 2006). 
 
For women, three dietary patterns were identified: 
• “Ethnic foods and alcohol” (Indian and Chinese meals, rice and pasta, oily fish and shellfish, olive oil, some 

vegetables, and alcoholic beverages (particularly red and white wine) 
• “Meat, potatoes, and sweet foods” (red meat, bacon and ham, all types of potato and potato dishes, sweet pies, 

cakes, puddings, and desserts with negative loadings for pasta and skimmed milk)  
• “Fruit, vegetables, and dairy” (low-fat/reduced-fat dairy products, fruit, some vegetables, and whole meal bread, 

with negative loadings for meat, meat products, and white bread) 
 

For men, two dietary patterns were identified: 

• “Ethnic foods and alcohol” (Indian and Chinese meals, rice and pasta, shellfish, olives, some vegetables and 
legumes, and alcoholic beverages [particularly red and white wine], with negative loadings for meat pies, fried 
chips, and animal fats) 

• “Mixed” (many fruits and vegetables, low-fat/low-calorie yogurt and soya milk and a range of sweet foods 
including cakes, sweet biscuits, sweet pies, puddings, desserts, confectionery, and ice cream) 

 
Stability assessment of agreement between tertile categories over the three time points showed that the “ethnic foods 
and alcohol,” “fruit, vegetables, and dairy,” and the “mixed” patterns presented fair to moderate agreement (k = 
0.28-0.44); agreement for the “meat, potatoes, and sweet foods” pattern was poor. Overall, in women, the “fruit, 
vegetables, and dairy” pattern was inversely associated with BMI (P<0.004), and waist circumference (P=0.0007). 
In men the “mixed” pattern score and waist circumference were significantly inversely associated (P=0.02). 
However, BMI was not significant after adjustment for confounders. The authors concluded that specific dietary 
patterns throughout adult life were associated with chronic disease risk factors. 
 
Newby et al., 2003 (positive quality) and Newby et al., 2004 (positive quality) conducted a prospective cohort 
study in the United States to evaluate the nutritional etiology of changes in BMI and WC by dietary intake pattern, 
using data from the Baltimore Longitudinal Study of Aging. Participants (n = 459), age range 30 to 80 years old in 
1980, completed 7-day dietary records. Then, cluster and factorial analysis were used to define dietary patterns: 
 
In 2003, the food intake data were aggregated into 41 food groups based on macronutrient composition and culinary 
use, and five food patterns were identified using cluster analysis: 
• “Healthy" (high-fiber cereal, fruit, and reduced-fat dairy) 
• “White bread” (refined grains, poultry, meat, and high-fat dairy) 
• “Alcohol” (refined grains and alcohol) 
• “Sweets” (refined grains, fruits, high-fat baked goods, meat, and high-fat dairy) 
• “Meat and potatoes” (refined grains, fruit, meat, and high-fat dairy) 
 
Results showed that the mean annual change in BMI was 0.05±0.06 kg/m2 for the “Healthy” pattern; 0.30±0.06 
kg/m2 for the “Meat-and-potatoes” pattern, which showed a greater annual increase in BMI (β=0.25; 95% CI: 0.07 - 
0.43; P<0.05) than the “Healthy” pattern. The WC mean annual change was 0.43±0.27 cm for the “Healthy” pattern 
(P<0.05), and 1.32±0.29 cm for the “White-bread” pattern, which showed a significantly greater annual increase in 
WC (β=0.90 cm; 95% CI: 0.12 - 1.68; P<0.05) than the “Healthy” pattern. The authors concluded that consuming a 
diet high in fruit, vegetables, reduced-fat dairy, and whole grains and low in red and processed meat, fast food, and 
soda was associated with smaller gains in BMI and waist circumference. 
 



  

Dietary Patterns   46 

 

In 2004, the food intake data were aggregated into 40 food groups according to macronutrient composition and 
culinary use, and six factors or patterns were identified using principal component analysis, and then patterns were 
treated categorically (i.e., divided into quintiles): 
• “Factor 1:  Reduced-fat dairy products, fruits, and fiber” (nuts, seeds, legumes, white bread, and refined grains) 
• “Factor 2:  Protein and alcohol” (seafood and poultry) 
• “Factor 3:  Sweets” (sweetened juices, dairy desserts, and fast food) 
• “Factor 4:  Vegetable fats and vegetables” (starchy vegetables, white bread, and refined grains) 
• “Factor 5:  Fatty meats” (organ meats, nonwhite bread, vegetables, fruits, and processed meats) 
• “Factor 6:  Eggs, bread, and soup” (whole grains) 
 
For all subjects, the mean annual change in BMI was 0.11 kg/m2, and the mean annual change in WC was 0.84 cm. 
The smallest annual change in BMI was in the highest quintile of factor 1 for women (-0.12±0.09; P<0.05), but not 
significantly for men (0.02±0.08; P>0.05). Mean annual change in WC was smallest in quintile 5 of factor 1 
(0.18±0.28 cm; P>0.05) for both sexes. Because BMI was significantly modified by sex, analysis was separated: for 
women, quintile 5 of factor 1 was inversely associated with an annual change in BMI in comparison with quintile 1 
(β=-0.51: 95% CI: -0.82, -0.20; P<0.05); test for trend was P<0.01. For men, BMI annual change was not 
significantly different in factor 1. Factor 2 was directly associated with change in BMI (quintile 5 vs. 1); (β=0.20; 
95% CI: 0.04, 0.36; P<0.05); test for trend was P=0.05. The authors concluded that a pattern rich in reduced-fat 
dairy products and high-fiber foods may lead to smaller gains in BMI in women and smaller gains in waist 
circumference in both women and men. 
 
Newby et al., 2006 (positive quality) conducted a prospective cohort study in Sweden to examine whether changes 
in food patterns were associated with changes in BMI using data of the Swedish Mammography Cohort in 1987 and 
1997. Participants (n = 33,840 women), mean age 52.5 years old, self-administered a 65-item FFQ in 1987 and a 97-
item FFQ in 1997. Food groups were created according to fat and fiber content, culinary use, and previous research 
on the study of food patterns and body composition. Due to minor differences in dietary assessment at each time, 29 
groups were created in 1987, while 32 groups were created in 1997. Confirmatory factor analysis was used to derive 
food patterns in each set of food groups: 
• “Healthy” (vegetables, fruit, whole grains, fruit juice, and cereals) 
• “Western/Swedish” (meat, processed meat, liver, potatoes, and refined grains) 
• “Alcohol” (wine, spirits, snacks, beer, and chocolate) 
• “Sweets” (sugary foods, sweet baked goods, soda, chocolate, fruit soup, refined grains, and dairy desserts) 

 
The strongest effects of the relation between change in food pattern and change in BMI were observed in women 
who were obese at baseline. The “Healthy” pattern factor score analyses found that obese women had larger 
decreases in BMI (β= -0.18 kg/m2 for a unit increase in SD score, CI: -0.26 to -0.10; P<0.0001), while normal-
weight and overweight women showed smaller increases in BMI (-0.05 kg/m2 and -0.11 kg/m2, respectively; P<0.05 
for both). The “Sweets” pattern analyses found that obese subjects who increased their factor scores had the smallest 
decreases in BMI (β=0.17 kg/m2 for a unit increase in SD score, CI: 0.07 to 0.26; P=0.0008), compared with BMI 
increase of 0.04 kg/m2 (P<0.005) in overweight women. No significant differences were found in normal-weight 
women. In all BMI groups, women whose “Healthy” pattern score decreased more than three standard deviations 
gained the most weight. The authors concluded that changes in eating patterns were significantly related to changes 
in BMI over 9 years, and the effect was modified by baseline BMI.  
 
Quatromoni et al., 2002 (positive quality) conducted a prospective cohort study in the United States to explore 
relationships between dietary patterns and the development of overweight (BMI ≥25) over a period of 12 years using 
data from female participants in the Framingham Offspring-Spouse study (FOS). Participants (n = 737), age range 
30 to 89 years old, answered a 145-item FFQ. FFQ items were classified into 42 foods groups based on similar 
levels of macronutrients and key micronutrients, and then 13 food groupings were identified, each containing 
multiple food categories. In a second step, women were separated into groups with no overlap groups based on 
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similarities in their frequency of consumption of the 13 food groupings. Five clusters were identified through this 
process:  
• “Heart healthy" (vegetables, fruits, low-fat milk, other low-fat and fiber-rich foods, whole grains, fish, low-fat 

cheeses, lean poultry, legumes, and fewer servings of diet beverages) 
• “Light eating” (more moderate eating patterns and higher consumption of beer and poultry with skin) 
• “Wine and moderate” (more moderate eating patterns and higher consumption of wine) 
• “High fat” (high amounts of animal and vegetables fats, sweet desserts, meat, and mixed dishes) 
• “Empty-calorie” (high amounts of animal and vegetables fats, sweet desserts, meat, mixed dishes, and 

sweetened beverages) 
 
Among women who were not overweight (BMI<24), after 12-year follow-up, overweight rates were lowest in the 
“Wine and moderate” and “Heart healthy” clusters and highest among those in the “Empty-calorie” cluster. Overall, 
there was a 17 percent absolute increase in risk among women who ate an “Empty calorie” diet pattern compared 
with those who followed a “Heart healthy” pattern. The relative risk for developing overweight was higher among 
women in the “Empty calorie” pattern compared with women in the “Heart healthy” pattern (RR=1.4; 95% CI=0.9 - 
2.2). These results were attenuated in the multivariate model, adjusting for age, menopausal status, and other 
behavioral factors. There was no observed increased risk associated with any of the other dietary patterns. The 
authors concluded that behavioral interventions for weight management and obesity prevention may be enhanced by 
targeting differences in eating patterns, dietary quality, and other lifestyle factors of distinct groups of the 
population. 
 
Ritchie et al., 2007 (positive quality) analyzed data from a prospective cohort study conducted in the United States 
to determine the relation of dietary patterns with nutrient intakes and measures of adiposity over a period of 10 years 
using data from the National Heart, Lung, and Blood Institute Growth and Health Study (NGHS) Cohort. 
Participants were Black and White girls (n = 2,371), age range 9 to 10 years old at baseline, who recorded their 
dietary intake for 3 days (2 weekdays, 1 weekend) on an annual basis. Food intakes were combined into 40 food 
groupings based on frequency of usage, contribution to total energy intake, and customary use in the diet. Cluster 
analysis was used to define four separate patterns for Black girls and White girls.  
 
For Black girls, the patterns were: 
• “Customary” (low intakes of diet drinks, coffee/tea, yogurt, cheese, plain grains, crackers, fish/poultry [not 

fried], red meat, other soups, and most vegetables) 
• “Snack-type foods” (high intakes of diet drinks, coffee/tea, yogurt, crackers, pretzels, other soups, and green 

salads, and low intakes of flavored milks, several other grain groupings, and processed meats/sandwiches) 
• “Meal-type foods” (high intakes of plain breads and grains, other breakfast grains, and most types of 

sandwiches and protein sources, including legumes, fried and not fried potatoes) 
• “Sweets and cheese pattern” (large amounts of sweets and flavored milk and cheese, with relatively small 

amounts of many other foods, for example, eggs, fried fish/poultry, and fried potatoes) 
 

For White girls, the patterns were: 
• “Convenience” (high intakes of pizza, fried fish/poultry, and ramen, with relatively low intakes of juice, plain 

milk, many of the grain-type groupings, eggs, unfried fish/poultry, cheese/spread sandwiches, other soups, fruit, 
and most of the vegetable-rich groupings) 

• “Sweets and snack-type foods” (high intakes of sweetened and diet drinks, juice, cheese, other desserts, candy, 
crackers, pretzels, nuts/popcorn, peanut butter and cheese-spread sandwiches, and mixed dishes, with low 
intakes of flavored milk, processed meats/sandwiches, and mixed dishes) 

• “Fast-food pattern” (high intakes of flavored milk, burgers, fried potatoes, eggs, red meat, processed 
meats/sandwiches, chips, legumes, and baked desserts, with low intakes of diet drinks, yogurt, cheese, candy, 
other desserts, crackers, pretzels, and peanut butter sandwiches) 
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• “Healthy” (low intakes of sweetened drinks, baked desserts, chips, fried fish/poultry, red meat, burgers, pizza, 
and fried potatoes, with relatively high consumption of plain milk, yogurt, plain breads and grains, cereal, other 
breakfast grains, mixed dishes, other soups, fruit, green salads, unfried potatoes, and other vegetables) 

 
For Black girls, mean BMI, percent body fat, and WC at final follow-up did not differ significantly by dietary 
patterns. Among White girls, those following the “Healthy” pattern had significantly smaller mean WC values at the 
final follow-up, as well as change in WC, compared with the “Sweets and snack-type foods” pattern (P = 0.037).  In 
conclusion, given that most of the dietary patterns identified were far from optimal, it is not surprising that few were 
found to be protective against obesity. A notable exception was the “Healthy” pattern identified among White girls. 
 
Schulze et al., 2006 (positive quality) conducted a prospective cohort study in the United States to examine the 
association between adherence to dietary patterns and weight change using data from the Nurse’s Health Study II 
from 1991 to 1999. Participants, age range 26 to 46 years old, self-administered a 133-food item FFQ in 1991, 1995, 
and 1999. Foods from the FFQ were then classified into 39 food groups based on nutrient profiles or culinary usage. 
The final sample included 51,670 women. Eating patterns defined by principal component analysis for each time-
point were described as:  
• “Prudent pattern” (higher intakes of fruits, vegetables, whole grains, fish, poultry, and salad dressing) 
• “Western pattern” (higher intakes of red and processed meats, refined grains, sweets and desserts, and potatoes)  
 
Average weight gain adjusted for baseline age was largest among those women who increased their “Western” 
pattern score (1991 to 1995, 5.20 kg; 1995 to 1999, 3.23 kg; 1991 to 1999, 7.81 kg) and smallest among women 
who decreased their “Western” pattern scores (1991 to 1995, 2.10 kg; 1995 to 199, 0.85 kg; 1991 to 1999, 4.04 kg; 
P<0.001). This difference persisted after adjusting for baseline and changes in confounders. The authors concluded 
that a dietary pattern characterized by frequent consumption of red and processed meats, refined grains, sweets and 
desserts, French fries, and potatoes may be associated with larger weight gain, while increased consumption of 
fruits, vegetables, whole grains, fish, poultry, legumes, and oil and vinegar salad dressing may be associated with 
less weight gain. 
 
Togo et al., 2003 (positive quality) conducted a prospective cohort study in Denmark to assess associations between 
food-intake factor scores and BMI changes, as well as longitudinal associations between changes in food-intake 
patterns and subsequent changes in BMI using data from the Monitoring of Trends and Determinants in 
Cardiovascular Diseases (MONICA) study from 1982 to1994. Participants, age range 30 to 60 years old, answered a 
26-item FFQ, and factor analysis was used to identify dietary patterns separated by gender.  
 
For women, two patterns were found and named as:  
• “Green” (high intakes of fruits, vegetables, whole grains, fish, and cheese) 
• “Sweet-Traditional” (more meat and foods of higher energy density, with fewer vegetables) 
 
For men, three patterns were found and named as:  
• “Green” (high intakes of fruit, vegetables, whole grains, fish, and cheese) 
• “Sweet” (baked goods, candy, soft drinks, ice cream, honey, or jam) 
• “Traditional” (more meat and foods of higher energy density, with fewer vegetables) 
 
Multivariate analyses of the association between food factor scores at baseline and subsequent 5- and 11-year 
change in BMI, respectively, revealed inconsistent and minor associations. For example, in men the “Traditional” 
factor score at baseline was inversely associated with subsequent 11-year change in BMI [β (95% CI) = -0.40 (-0.78, 
0.01); P<0.05], while the 5-year difference was not significantly associated with any of the factors scores at baseline 
[β (95% CI) = -0.06 (-0.33, 0.21)]. In women, the 5-year change in BMI was inversely associated with the “Sweet-
traditional” factor score at baseline [β (95% CI) = -0.33 (-0.54, -0.13); P<0.01], while the association was not 
significant for the 11-year change [β (95% CI) = -0.26 (-0.55, 0.03)]. Neither the baseline factor scores nor the 
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change in factor scores between baseline and 5-year follow-up were found to be associated with obesity at 11-year 
follow-up, in the fully adjusted model. The authors concluded that in this longitudinal study of a Danish population, 
food-intake factors could not consistently predict changes in BMI or obesity development.  
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Table 4-A-II-1 Summary of Findings 
Dietary patterns identified using factor analysis or cluster analysis (shaded rows) and association with body weight status and obesity 

Author, Year, 
Quality Rating, 
Study Design,  

Cohort 

Sample Size, 
Location, 
Duration, 

Dietary Assessment, 
Methodology/ 
No. Patterns  

Age (y), 
% Female,  

Race/Ethnicity, 
Outcome, 

Comparison 
 

 
 

Dietary Patterns  
Associated with Lower Risk  

of Obesity 
 
 

 
Dietary Patterns  

with No Significant Association 
with Obesity 

 

Dietary Patterns  
Associated with Higher Risk 

 of Obesity 

Dietary Pattern Analyses Conducted with Women and Men Combined 

Duffey et al., 2012                                                                                                                                                                                                                                                                                                              
 
Neutral 
 
Prospective cohort  
 
CARDIA study 

4,161  
 
U.S. 
 
20 y  
 
Diet History 
questionnaire 
 
CA, 2 patterns 

18–30  y 
 
53% 
 
53% African 
American    
 
Waist 
circumference, 
"Prudent diet" vs. 
"Western diet" 

 Waist circumference  
• "Prudent diet" (low-fat whole grains, 
fruit, yogurt, cheese, nuts/seeds, milk).  
 • "Western diet" (meats/poultry, low-fat 
refined grains, high-fat refined grains, fats, 
condiments, fat food, regular soda). 

 

Hosseini-Esfahani 
et al., 2011 
 
Positive 
 
Prospective cohort  
 
Tehran Lipid and 
Glucose Study 
(TLGS) 

206  
 
Iran 
 
6 y 
 
168-item FFQ 
FA, 3 patterns 

42  y 
 
60% 
 
Not reported 
 
WC, BMI, WHR; 
Q4 vs Q1 

WHR 
• "Healthful" (high intake of fruit, 
vegetables, dairy, oil, whole grains, 
poultry, and fish). (β = -0.77 R ²= 0.43,     
P<0.01).   

 

BMI , WC, WHR 
• "Mix" (high-fat red meats, legumes, nuts 
and seeds, sweets, tea, and coffee).   
WHR 
• "Western" (high intake of processed 
meats, fat, salty snacks, fatty sauces, and 
sweet beverages) 
 

Change in BMI   
• "Western" (high intake of processed 
meats, fat, salty snacks, fatty sauces, 
and sweet beverages) 
All: β = 0.30, R2 = 0.21, P<.05) 
Overweight/obese: (β=0.41. R² = 0.22,   
P<0.01 
WC 
• "Western" β = 0.24, R2 = 0.18, 
 P<.05); Normal wt subjects (β = 0.49,       
R2 = 0.21, P<.01 
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Table 4-A-II-1 Summary of Findings―continued 
Dietary patterns identified using factor analysis or cluster analysis (shaded rows) and association with body weight status and obesity 

Author, Year, 
Quality Rating, 
Study Design, 

Cohort 

Sample Size, 
Location, 
Duration, 

Dietary Assessment, 
Methodology/ 
No. Patterns 

Age (y), 
% Female, 

Race/Ethnicity, 
Outcome, 

Comparison 
 

Dietary Patterns 
Associated with Lower Risk  

of Obesity 
 

Dietary Patterns 
with No Significant Association 

with Obesity 
 

Dietary Patterns 
Associated with Higher Risk  of 

Obesity 

Newby et al., 2003 
 
Positive 
 
Prospective cohort  
 
Baltimore 
Longitudinal Study 
of Aging (same 
cohort as Newby et 
al 2003, but CA 
results) 
 

N = 459  
 
U.S. 
 
1 y 
 
7-d dietary record 
 
CA, 5 patterns 

30–80  y 
 
48% 
 
White: 
Men=96% 
Women=94% 
African American: 
Men=3.8% 
Women=5.9% 
 
WC and BMI 
change; 
comparison: 
healthy pattern 

BMI change ("Healthy" vs  "Meat and 
potatoes") 
 • "Healthy" (reduced-fat dairy, fruit, high-
fiber cereal) 

 BMI (regression coefficient β and 95% 
CI); compared to "Healthy pattern" 
• "Meat and potatoes"(high-fat dairy, 
meat, fruit, white bread or refined grains), 
β=0.25( 0.07, 0.43), P<0.05 
 
WC (regression coefficient β and 95% 
CI); compared to "Healthy pattern" 
• "White bread" (high-fat dairy, meat, 
poultry, white bread or refined grains)). 
WC annual change (β=0.90 cm; 95% CI: 
0.12, 1.68; P<0.05 

Newby et al., 2004 
 
Positive 
 
Prospective cohort  
 
Baltimore 
Longitudinal Study 
of Aging (same 
cohort as Newby et 
al 2003, but FA 
results) 
 

459  
 
U.S. 
 
1 y 
 
7-d dietary record 
 
FA, 6 patterns 

30–80  y 
 
48%  
 
White: 
Men=96% 
Women=94% 
African American: 
Men=3.8% 
Women=5.9% 
 
WC and BMI 
change, 
Regression Q5 vs 
Q1 food patterns 
predicting change 

BMI (regression coefficient β and 95% CI)  
Women only 
• "Factor 1: Reduced-fat dairy 
products, fruit and fiber" (Reduced-fat 
dairy products, ready-to-eat cereal, fruit),      
β = -0.51 (-0.82, -0.20); P for trend <0.05; 
P for trend <0.01 
 
WC (regression coefficient β and 95% CI)  
Both sexes: 
• "Factor 1: Reduced-fat dairy 
products, fruit and fiber" (Reduced-fat 
dairy products, ready-to-eat cereal, fruit), 
β = -1.06 cm (-1.88, -0.24cm); P<0.05;    
P for trend <0.04 
 

BMI and WC 
• "Factor 4: Vegetable fats and 
vegetables" (margarine, vegetable oils, 
starchy vegetables) 
• "Factor 5: Fatty meats" (liver and organ 
meat, nonwhite bread) 
• "Factor 6: Eggs, bread, and soup" 
(eggs, white bread and refined grains, 
miscellaneous fats, soups and chowders) 
WC only 
• "Factor 2: Protein and alcohol " 
(seafood, poultry, vegetables) 
BMI only 
• "Factor 3: Sweets" (sweetened juices, 
dairy desserts, fast food) 
• "Factor 1: Reduced-fat dairy products, 
fruit and fiber" men only 
 
 
 
 

WC (regression coefficient β and SE)  
• "Factor 3: Sweets" (sweetened juices, 
dairy desserts, fast food) 
β =0.94  cm (0.39 cm); P<0.05; 
 P for trend <0.04 
 
BMI 
• "Factor 2: Protein and alcohol " 
(seafood, poultry, vegetables) (β = 0.20; 
95% CI: 0.04, 0.36; P<0.05); test for 
trend was P=0.05 
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Table 4-A-II-1 Summary of Findings―continued 
Dietary patterns identified using factor analysis or cluster analysis (shaded rows) and association with body weight status and obesity 

Author, Year, 
Quality Rating, 
Study Design, 

Cohort 

Sample Size, 
Location, 
Duration, 

Dietary Assessment, 
Methodology/ 
No. Patterns 

Age (y), 
% Female, 

Race/Ethnicity, 
Outcome, 

Comparison 
 

Dietary Patterns 
Associated with Lower Risk  

of Obesity 
 

Dietary Patterns 
with No Significant Association 

with Obesity 
 

Dietary Patterns 
Associated with Higher Risk  

of Obesity 

Dietary Pattern Analyses Conducted with Women 

Boggs et al., 2011 
 
Positive 
 
Prospective cohort  
 
Black Women's 
Health Study 

41,351  
 
U.S. 
 
14 y 
 
68-item FFQ (1995) 
and 85-item FFQ  
(2001) 
 
Principal Component 
Analysis, 2 patterns 

21–54 y 
 
100% 
 
100% African 
American  
 
Changes in body 
weight, Q5 vs Q1 

Mean weight gain:  
Subsample (12,736) who maintained the 
same dietary pattern over time: 
• "Vegetables/fruit" (noncruciferous 
vegetables, cruciferous vegetables, fruit).  
10.88 and 11.94kg, respectively; P for 
trend = 0.003 
 
  

Mean weight gain:  
All: 
• "Vegetables/fruit" (noncruciferous 
vegetables, cruciferous vegetables, fruit).   
• "Meat/fried foods" (red meat, processed 
meat, regular mayonnaise/salad dressing, 
French fries, Fried chicken).   
 
 

Mean weight gain:  
Subsample (12,736) who maintained the 
same dietary pattern over time: 
• "Meat/fried foods" (red meat, 
processed meat, regular 
mayonnaise/salad dressing, French fries, 
Fried chicken), 12.02 and 10.15 kg, 
respectively; P for trend <0.001   
 

McNaughton et al., 
2007 
 
Positive 
 
Prospective cohort 
  
Medical Research 
Council (MRC) 
National Survey of 
Health and 
Development 
(NSHD)--1946 
British Birth Cohort 
 
 
 

1,265  
Women 696 
 
U.K. 
 
17 y 
 
5-day food diary 
 
FA, 3 patterns for 
women; 2 patterns for 
men 

53 y 
 
55%  
 
Not reported 
 
BMI and WC, 
longitudinal 
analysis  

Women,  pattern association with BMI 
and WC 
• "Fruit, vegetables, and dairy" (Soya 
milk, meat alternatives, low/reduced fat 
cheese, dried fruit) 
BMI, P<0.004;WC, P=0.0007  

Women,  pattern association with  BMI 
and WC 
• "Ethnic foods and alcohol" (red wine, 
avocados and olives, white wine, other 
vegetables, fried Indian and Chinese 
foods, rice dishes) 
• "Meat, potatoes, and sweet foods” 
(fried potatoes and potato products, 
sauces and dressings, red meat and 
game) 
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Table 4-A-II-1 Summary of Findings―continued 
Dietary patterns identified using factor analysis or cluster analysis (shaded rows) and association with body weight status and obesity 

Author, Year, 
Quality Rating, 
Study Design, 

Cohort 

Sample Size, 
Location, 
Duration, 

Dietary Assessment, 
Methodology/ 
No. Patterns 

Age (y), 
% Female, 

Race/Ethnicity, 
Outcome, 

Comparison 
 

Dietary Patterns 
Associated with Lower Risk 

of Obesity 
 

Dietary Patterns 
with No Significant Association 

with Obesity 
 

Dietary Patterns 
Associated with Higher Risk 

of Obesity 

Newby et al., 2006 
 
Positive 
 
Prospective cohort  
 
Swedish 
Mammography 
Cohort in 1987 and 
1997 

33,840  
 
Sweden 
 
9 y 
 
67-item FFQ (1987) 
and 97-item FFQ 
(1997) 
 
Confirmatory FA, 4 
patterns 

Mean 52.5 y 
 
100% 
 
Not reported 
 
BMI 
 
BMI,  Linear 
regression,for 
change in food 
pattern score and 
change in BMI 
stratified by 
baseline BMI 

BMI (regression coefficient and 95% CI) 
•"Healthy" (vegetables, fruit, whole 
grains, fruit juice, cereals), Obese women 
with an increased factor score had larger 
decreases in BMI,  
β =-0.18 kg/m2 for a 1 unit increase in SD 
score, CI (-0.26, -0.10), P<0.0001 
Normal-weight and overweight women 
who ↑ their “Healthy” pattern score 
showed smaller ↑ in BMI (-0.05 kg/m² and 
-0.11 kg/m², respectively; P<0.05 for 
both).   

BMI (regression coefficient β and 95% CI) 
• "Alcoho"” (wine, spirits, snacks, beer, 
chocolate), all groups 
• "Western/Swedish" (meat, processed 
meat, liver, potatoes, refined grains), 
Normal and obese 
• "Sweets" (sugary foods, sweet baked 
goods, soda, chocolate, fruit mix [soup], 
refined grains, dairy desserts), normal and 
overweight 
 

BMI (regression coefficient β and 95% 
CI) 
• "Sweets" (sugary foods, sweet baked 
goods, soda, chocolate, fruit mix [soup], 
refined grains, dairy desserts)  
Obese subjects who ↑ their factor score 
had the smallest ↓in BMI (β = 0.17 kg/m² 
for a unit ↑ in SD score, CI: 0.07-0.26; 
P=0.0008), compared with a 0.04 kg/m² 
(P<0.005) ↑ in BMI for overweight women 
and NS difference for normal-weight 
women.  
• "Western/Swedish" (meat, processed 
meat, liver, potatoes, refined grains). 
Overwt: 0.05 (0.01, 0.09), P<0.05 
 

Quatromoni et al., 
2002 
 
Positive 
 
Prospective cohort  
 
Framingham 
Offspring-Spouse 
study 

737  
 
U.S. 
 
12 y 
 
145-item FFQ 
 
Ward's cluster 
method, 5 patterns,  

30–89 y 
 
100% 
 
Not reported 
 
Overweight 
incidence, 
comparator:  
"Heart healthy"  

Overweight  
Compared with "Empty-calorie" pattern: 
"Heart healthy" (other low-fat foods, 
fruits and low-fat milk, vegetables, refined 
grains, soft margarine, and oils).  
 

Overweight  
• "Light eating" (diet beverages and firm 
vegetables fats, refine grains, soft 
margarine, and oils, other low-fat foods, 
vegetables). 
• "Wine and moderate" (diet beverages 
and firm vegetables fats, vegetables, 
refined grains, soft margarine, and oils, 
fruits and low-fat milk). 
• "High fat" (sweet and animal fats, diet 
beverages and firm vegetables fats, 
refined grains, soft margarine, and oils, 
vegetables). 
 

Overweight  
• "Empty-calorie" (diet beverage and 
firm vegetables fats, refined grains, soft 
margarine, and oils, vegetables) vs 
"Heart healthy" (other low-fat foods, fruits 
and low-fat milk, vegetables, refined 
grains, soft margarine, and oils). 
RR = 1.4, 95% CI (0.9, 2.2) 
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Table 4-A-II-1 Summary of Findings―continued 
Dietary patterns identified using factor analysis or cluster analysis (shaded rows) and association with body weight status and obesity 

Author, Year, 
Quality Rating, 
Study Design, 

Cohort 

Sample Size, 
Location, 
Duration, 

Dietary Assessment, 
Methodology/ 
No. Patterns 

Age (y), 
% Female, 

Race/Ethnicity, 
Outcome, 

Comparison 
 

Dietary Patterns 
Associated with Lower Risk 

of Obesity 

Dietary Patterns 
with No Significant Association 

with Obesity 

Dietary Patterns 
Associated with Higher Risk 

of Obesity 

Schulze et al., 
2006 
 
Positive 
 
Prospective cohort 
  
Nurse's Health 
Study II  

51,670  
 
U.S. 
 
8 y 
 
133-item 
(semiquantitative) 
FFQ 
 
Principal component 
analysis, 2 patterns 

26–46 y 
 
100% 
 
Not reported 
 
Weight change 
 
Low vs high, high 
vs low pattern 
score 

Average weight gain:  
• "Prudent pattern" (higher intakes of 
fruits, vegetables, whole grains, fish, 
poultry, and salad dressing)  
Women who ↑  "Prudent" pattern score 
had less wt gain  (multivariate adjusted 
means, 1.93 kg for 1991 to 1995 and 0.66 
kg for 1995 to 1999 ) than women who ↓ 
their "Prudent" pattern scores  (4.83 and 
3.35 kg for the two time periods),  
P<0.001 

 Average weight gain: 
• "Western pattern" (higher intake of red 
and processed meats, refined grains, 
sweets and desserts, and potatoes) 
Women who ↑ pattern score had > wt 
gain  (multivariate adjusted means,  
4.55 kg for 1991 to 1995 and 2.86 kg for 
1995 to 1999 ) than women who ↓ their 
"Western" pattern scores  (2.70 and 1.37 
kg for the two time periods), P<0.001 

Togo et al., 2003 
 
Positive 
 
Prospective cohort  
 
MONICA study 

2,436  
Women: 1,693 
 
Denmark 
 
5 and 11 y 
 
26-item FFQ 
 
FA, 2 patterns for 
women; 3 patterns for 
men 

30–60 y 
 
49% 
 
Not reported 
 
BMI change, 
obesity; 
Association 
between food 
factor scores, 5- 
and 11- y change 
in BMI and obesity  

 BMI change 
Women  
• "Green" (wheat bread with whole grains 
or bran, raw vegetables, rye bread with 
whole grains or bran, boiled vegetables) 
Obesity: 
Baseline and change in "Traditional", 
"Green" , "Sweet",  "Sweet-traditional", 
and "Green", and "Sweet-traditional" 
(all) pattern  scores at 5 and 11 y  
 
 
 
 
 
 
 
 
 

BMI increase  β (95% CI) 
Women: 5-y  BMI change and baseline 
factor score: 
• "Sweet-traditional" (cake, biscuits or 
other baked goods, candy or chocolate, 
soft drinks or ice cream, jam/marmalade 
or honey) 
5-y: β = -0.33 (-0.54, -0.13) P<0.01  
(11-y NS) 
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Table 4-A-II-1 Summary of Findings―continued 
Dietary patterns identified using factor analysis or cluster analysis (shaded rows) and association with body weight status and obesity 

Author, Year, 
Quality Rating, 
Study Design, 

Cohort 

Sample Size, 
Location, 
Duration, 

Dietary Assessment, 
Methodology/ 
No. Patterns 

Age (y), 
% Female, 

Race/Ethnicity, 
Outcome, 

Comparison 

Dietary Patterns 
Associated with Lower Risk 

of Obesity 

Dietary Patterns 
with No Significant Association 

with Obesity 

Dietary Patterns 
Associated with Higher Risk 

of Obesity 

Ritchie et al., 2007 
 
Positive 
 
Prospective cohort  
 
National Heart, 
Lung, and Blood 
Institute Growth 
and Health Study 
(NGHS) 

2,371  
 
U.S. 
 
10 y 
 
3-d dietary record 
 
CA, 4 patterns for 
White girls/ 4 patterns 
for Black girls; 
Comparator: 
"Healthy" (White 
girls); "Snack-type 
foods" (Black girls) 

9–10 y 
 
100% 
 
African American: 
51% 
White: 49% 
 
BMI, %  body fat, 
and WC 

WC change ("Healthy" vs "Sweets and 
snack-type foods") 
White girls: 
• "Healthy" (sweetened drinks, juice, 
plain milk, fruit, other soups, mixed 
dishes, cereal, other vegetables). 
 P=0.037) 

BMI, WC and % Body Fat 
For Black girls: 
• "Customary" (sweetened drinks, juice, 
plain milk, cereal, fruit, mixed dishes, 
processed meats and sandwiches). 
• "Snack-type foods" (sweetened drinks, 
juice, plain milk, cereal, mixed dishes, 
other soup, ice cream). 
• "Milk-type foods" (sweetened drinks, 
juice, plain milk, cereal, processed meats 
and sandwiches, other vegetables, red 
meat). 
• "Sweets and cheese pattern" 
(sweetened drinks, juice, plain milk, cereal, 
mixed dishes, processed meats and 
sandwiches, ice cream). 
 
BMI, % body fat 
White girls: 
• "Convenience" (sweetened drinks, 
juice, plain milk, cereal, mixed dishes, 
fruit). 
• "Sweets and snack-type foods" 
(sweetened drinks, juice, plain milk, fruit, 
mixed dishes, cheese and spread 
sandwiches). 
• "Fast-food pattern" (sweetened drinks, 
juice, plain milk, flavored milk, cereal, 
mixed dishes, fruit, other soups). 
• "Healthy" (sweetened drinks, juice, plain 
milk, fruit, other soups, mixed dishes, 
cereal, other vegetables). 
WC 
"Fast-food pattern" and "Convenience" 
patterns 
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Dietary P Table 4-A-II-1 Summary of Findings―continued 
Dietary patterns identified using factor analysis or cluster analysis (shaded rows) and association with body weight status and obesity atterns 

Author, Year, 
Quality Rating, 
Study Design, 

Cohort 

Sample Size, 
Location, 
Duration, 

Dietary Assessment, 
Methodology/ 
No. Patterns 

Age (y), 
% Female, 

Race/Ethnicity, 
Outcome, 

Comparison 

Dietary Patterns 
Associated with Lower Risk 

of Obesity 

Dietary Patterns 
with No Significant Association 

with Obesity 

Dietary Patterns 
Associated with Higher Risk 

of Obesity 

Dietary Pattern Analyses Conducted with Men 

McNaughton et al., 
2007 
 
Positive 
 
Prospective cohort 
  
Medical Research 
Council (MRC) 
National Survey of 
Health and 
Development 
(NSHD)--1946 
British Birth Cohort 

1,265  
Men: 569 
 
U.K. 
 
17 y 
 
5-day food diary 
 
FA, 3 patterns for 
women; 2 patterns for 
men 

53 y 
 
55%  
 
Not reported 
 
BMI and WC, 
longitudinal 
analysis (3 repeat 
measures of 
dietary pattern 
scores ) 
 

Men, pattern association with WC 
• "Mixed" (Soya milk, other vegetables, 
fruit juice, skim milk beverages,  sweet 
biscuits), P=0.02 
 
  

Men,  pattern association with  BMI 
 and WC 
• "Ethnic foods and alcohol" (red wine, 
other legumes, avocados and olives, 
mineral water, white wine, Fried Indian and 
Chinese foods, spinach, rice dishes, pasta 
and noodles) 
Pattern association with BMI 
• "Mixed" (Soya milk, other vegetables, 
fruit juice, skim milk beverages,  sweet 
biscuits), P=0.02 
 
 

 

Togo et al., 2003 
 
Positive 
 
Prospective cohort  
 
MONICA study 

2,436  
Men: 1792 
 
Denmark 
 
5 and 11 y 
 
26-item FFQ 
 
FA, 2 patterns for 
women; 3 patterns for 
men 

30–60 y 
 
49% 
 
Not reported 
 
BMI change, 
obesity; 
Association 
between food 
factor scores, 5- 
and 11-y change in 
BMI and obesity  

 BMI change (5 y and 11 y) 
Men:  
• "Green" (wheat bread with whole grains 
or bran, raw vegetables, rye bread with 
whole grains or bran, fruit, boiled 
vegetables) 
• "Sweet" (cake, biscuits or other baked 
goods, candy or chocolate, soft drinks or 
ice cream, jam/marmalade or honey) 
 

BMI increase (11 y)  β (95% CI) 
Men:   
• "Traditional" (meat, paté and meat for 
bread, potatoes, white [wheat] bread).   
11-year: β = -0.40 (-0.78, 0.01),  P<0.05 
(5-y NS) 
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Qualitative Assessment of the Collected Evidence  
Quality and Quantity 
In terms of quantity, an exhaustive search in four electronic databases, supplemented with a hand search, identified 
11 prospective cohort studies that met the inclusion criteria for evaluating dietary patterns with regard to body 
weight status. In total, over 135,000 adults and 2,300 adolescents were examined by studies in this review. Quality 
assessment of these studies involved an examination of their methodological rigor in order to minimize bias and 
random error in the systematic review findings. Components of the evaluation included the number and selection of 
data samples, use of statistical tools, and detection or reporting bias. Ten of eleven of the included studies were 
found to be of positive quality, indicating a low risk of bias and random error.   
 
Consistency 
The studies in this review did not use a consistent approach for examining the association between dietary patterns 
and body weight. Both factor and cluster analysis methodologies were used. Factor analysis summarizes a number 
of original variables into smaller composite factors, while cluster analysis groups individuals into clusters, so that 
individuals in the same cluster are homogeneous and there is heterogeneity across clusters. In addition, there are 
several methodological differences within the study designs, including different methods of grouping foods and 
selecting patterns. Nevertheless, some similarities among the findings can be seen. Most of the studies found at least 
two generic food patterns: a “healthy/prudent” food pattern and an “unhealthy/western” pattern. Generally, healthier 
patterns were associated with more favorable body weight outcomes, while the opposite was seen for unhealthy 
patterns. However, not all studies reported significant associations.Furthermore, because the patterns are data-
driven, they represent what was consumed by the study population, and thus it is difficult to compare across the 
disparate patterns. 
 
Impact 
This body of evidence directly addressed the diet exposures and examined health outcomes of interest for this 
systematic review. Overall, the results observed were clinically meaningful from a public health perspective, 
particularly related to BMI. However the association between dietary patterns and body weight status may be 
mitigated by the presence of other important lifestyle factors that influence body weight but are difficult to measure. 
 
 
Generalizability/ExternalValidity   
The total number of studies in this review is not large, but several of them were conducted in large prospective 
cohort studies. Ethnicity, SES, sex, age, and BMI are among the variables considered when examining 
generalizability of the results to the general U.S. population. Ethnicity and socioeconomic status were often not 
reported or included in analyses, which makes generalizing the results difficult. There was a potential difference in 
associations found by gender: of the three studies that analyzed men and women separately, men tended to have null 
results. However, there were insufficient data to draw conclusions about population subgroups. In addition, nearly 
all the studies were in adults, only one was in adolescents, and none in young children. For these reasons, caution 
should be observed when extrapolating the findings to other populations. 
 
Limitations  
• Factor and cluster analyses are data-driven approaches that describe the dietary patterns in a particular 

population. The studies describe preexisting dietary patterns within the population and the dietary patterns are 
not based on a hypothesized association to health. The patterns derived through analyses may not represent the 
most beneficial or detrimental patterns relative to the health outcome of interest.  

• Among the studies reviewed, the dietary pattern analyses varied with regard to the dietary assessment methods, 
the number and type of food groupings, and the statistical analysis techniques, which make comparisons 
challenging.   

• In factor and cluster analysis, the consolidation of food items into food groups, the number of factors or clusters 
to extract, and even the labeling of components are subjective. Furthermore, patterns derived from either factor 
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or cluster analysis may not be reproducible across studies because elements of dietary patterns and analytic 
decisions differ.  

• Dietary pattern analysis using factor or cluster methods may not be very informative in determining which 
elements of the diet or which biological relationships between these elements are responsible for the health 
outcome. 

• Some studies completed over long periods of time did not account for changes to subjects’ diets or seasonal 
variations in food supplies, which may have influenced the food components of patterns. 

• One study analyzed the dietary patterns of pre-pubescent children transitioning into adolescence. In general, the 
results show that patterns vary widely at this age and caution should be observed when analyzing these data 
because the diet of children changes rapidly, as well as their weight.  

 
Research Recommendations 

• Insufficient evidence was available in population subgroups to examine the relationship between dietary 
patterns derived using factor and cluster analyses and body weight status. Future studies using this methodology 
should examine variables such as ethnicity, SES, sex, baseline weight status, and age. In additon, it is important 
to incorporate environmental and behavioral factors, such as physical activity, non-leisure physical activity, 
eating practices (eating out, cooking at home), indulgence over the weekend, among others, as potential 
confounders These variables may be moderators that in the long term will define the association between a 
particular pattern and weight status. There is a need for more research into specific ethnic groups and how 
cultural practices may influence dietary patterns and their repercussions for body weight. 

• Research is needed to further examine if various dietary patterns influence body weight status differently among 
participants who are normal weight, overweight, or obese. There is some indication that obese versus normal 
weight individuals respond differently to changes of food patterns on body weight measures. Research in this 
area may help uncover better approaches to body weight management practices. 

• There is a need to examine the most common unhealthy/western pattern components, variations, and amounts of 
food consumed by those who have such a diet. Rationale: If a pre-existing pattern is found to be detrimental to 
health, there is an impetus for dietary pattern modification.   
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Section III:  Reduced Rank Regression  
By Thomas V. Fungwe and Julie E. Obbagy 
 
What is the relationship between adherence to dietary guidelines/recommendations or specific 
dietary patterns, assessed using reduced rank regression analysis, and measures of body 
weight or obesity? 

 
 

TECHNICAL ABSTRACT 
 
Background 

The goal of this systematic review project is to identify patterns of food and beverage intake that promote health 
and prevent disease. Historically, most dietary guidance has been based on research conducted on individual food 
components or nutrients. Dietary patterns are defined as the quantities, proportions, variety, or combination of 
different foods, drinks, and nutrients (when available) in diets, and the frequency with which they are habitually 
consumed. Reduced rank regression (RRR) is a statistical method that determines dietary patterns (combinations of 
food intake) that explain as much variation as possible among a set of response variables related to a health 
outcome of interest. It is an a posteriori method since it uses both existing evidence and exploratory statistics. The 
objective of this systematic review was to assess the relationship between patterns of food and beverage intake 
derived by using reduced rank regression, and body weight or risk for developing obesity.  
 
Conclusion Statement  
There are a number of methodological differences among the studies examining the relationship between dietary 
patterns derived using reduced rank regression and body weight status. The disparate nature of these studies made it 
difficult to compare results, and therefore, no conclusions were drawn. (Grade: Not Assignable) 
 
Methods  

Literature searches were conducted using PubMed, Embase, Navigator (BIOSIS, CAB Abstracts, and Food Science 
and Technology Abstracts), and Cochrane databases to identify studies that evaluated the association between 
dietary patterns derived using reduced rank regression analysis and risk of obesity. Studies that met the following 
criteria were included in the review: Human subjects; Ages: 2 years and older; Populations: Healthy and those with 
elevated chronic disease risk; individuals with chronic disease; published in English in a peer-reviewed journal; 
Sample size: Minimum of 30 subjects per study arm; Dropout rate less than 20 percent; Study assesses dietary 
intake using reduced rank regression analysis; study considered body weight and risks of  obesity; subjects from 
countries with high or very high human development (based on the 2011 Human Development Index). The date 
range for the conduct of the studies was unlimited. 
 
The results of each included study were summarized in evidence worksheets (including a study quality rating) and 
evidence table. A group of subject matter experts were involved in a qualitative synthesis of the body of evidence, 
development of a conclusion statement, and assessment of the strength of the evidence (grade) using pre-established 
criteria including evaluation of the quality, quantity and consistency, magnitude of effect, and generalizability of 
available evidence.   
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Findings  

• There were six prospective cohort studies that examined dietary patterns derived using reduced rank regression 
analysis and their association with body weight and risks of obesity. The studies ranged in size from 141 to 
24,958 subjects. Three studies were conducted in children, two in adults, and four of the studies included both 
females and males, while one study included only girls. One study each was conducted in the United States, 
Korea, United Kingdom, Iran, and Germany. The follow-up for these studies ranged in duration from 22 
months to 8 years.   

• The response variables and dietary assessment methods used varied widely by study and did not allow 
conclusions to be drawn across studies. Dietary patterns are based only on foods that are actually consumed, 
therefore results or outcomes from extracted patterns may be only confirmatory. 

• Food groups were not examined in relation to weight status in these studies, and many of the studies used 
“roughly similar response variables” but generated patterns that were varied. Body weight was determined on 
the basis of observed food component intake, and as such, evaluating food patterns with respect to body weight 
change is highly dependent on the preceding analysis of carbohydrate, fat, and fiber density. Thus, results for 
these food patterns need replication using independent data sets. 

• There was lack of consistency in the extracted patterns resulting in a mix of food groups within extracted 
patterns that are known to be harmful or those known to be protective. This may present limitations in 
attempting to address issues related to whether food groups within these patterns may act independent of each 
other (i.e., what role would whole grains and vegetables play in a generated pattern that also contains high fat?) 

• The populations studied also varied widely by country of study, as well as region of the world. Diets consumed 
by these populations also varied by country making it difficult to translate and generalize the findings.   

 
Discussion  

The ability to draw a gradable conclusion was limited due to the following issues: 
• Each study used different response variables in the reduced rank regression analyses. Two studies used 

biomarkers including change in BMI, percent body fat, bone mineral content, and bone mineral density as 
response variables. The second study included fat and bone mass as response variables. Four other studies used 
nutrients: dietary energy density, fiber density, and percent of energy as fat; total fat, carbohydrate, and fiber; 
and one used fat, PUFA: SFA ratio, calcium, cholesterol, and fiber as response variables. In reduced rank 
regression, the dietary patterns identified are those that explain the most variation in the response variables 
chosen. Therefore, because the studies included in this review used different response variables, the dietary 
patterns derived may not be comparable. 

• Different weight-related outcomes were examined across the studies. The most common outcomes considered 
in at least four studies were body mass index and fat mass or percentage. Two studies examined incidence of 
overweight or obesity and excess adiposity and one study examined waist circumference. This variability made 
it difficult to identify themes within this body of evidence. 

• Dietary assessment methods were different across the studies. Of the six studies, three used diet, one used 24-
hour recalls, another used both a 24-hour recall and a diet record, while the sixth used a food frequency 
questionnaire. It is unclear what impacts different dietary assessment methods have on the derivation of dietary 
patterns using reduced rank regression. 

• The studies were not consistent in their use of confounders in analyses. In particular, physical activity was not 
included as a confounder in the analyses in two studies.  
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PLAIN LANGUAGE SUMMARY 
Are the amounts, types, variety, or combinations of foods and beverages people frequently eat 

and drink related to the likelihood of becoming overweight and obese? 
 
Researchers have previously looked at the relationship between individual foods and nutrients and health. Today, 
there is interest in looking at how combinations of foods and beverages intake, or dietary patterns, influence health 
by applying different scientific methods. A statistical method called reduced rank regression analysis can be used to 
describe the patterns of foods and beverages people eat based on a set of “response variables” that are known to be 
related to the health outcome of interest. This summary of a NEL review presents what research evidence currently 
exist when reduced rank regression analysis is the method used to study the dietary patterns of groups of people and 
their likelihood of becoming overweight and risking obesity.   
 
 
Conclusion 
There were a number of methodological differences among the studies examining the relationship between dietary 
patterns derived using reduced rank regression and body weight status. The disparate nature of these studies made it 
difficult to compare results, and therefore, no conclusions were drawn. 
 
What the Research Says 
Six studies looked at dietary patterns found using reduced rank regression analysis and the risk of becoming over 
weight and obese. However, these studies had  some key issues that make it hard to make any recommendations: 
• There were few studies available. 
• There were many differences in how the studies were done. 
• The populations studied were different between studies. 

 
EVIDENCE PORTFOLIO 

Conclusion Statement 
There were a number of methodological differences among the studies examining the relationship between dietary 
patterns derived using reduced rank regression and body weight status. The disparate nature of these studies made it 
difficult to compare results, and therefore, no conclusions were drawn. 
 
Grade 
Not Assignable (IV)   
 
Key Findings: 
• Six positive quality prospective cohort studies that used reduced rank regression to examine the relationship 

between dietary patterns and body weight status were included in this review. However, differences in 
methodologies used and populations studied prevented comparison across studies, and conclusions could not be 
drawn. 

• Further research is needed to examine dietary patterns and body weight status using reduced rank regression, 
preferably with standardized methods and response variables. 
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Evidence Summary Overview 
Description of the Evidence 

Six prospective cohort studies that used reduced rank regression analysis (see appendix A) to examine the 
relationship between dietary patterns and body weight were included in this systematic review (Ambrosini, 2012; 
Johnson, 2008; Noh, 2011; Schulz, 2005; Sherafat-Kazemzadeh, 2010; Wosje, 2010). Ambrosini (2012) and 
Johnson (2008) represent the UK Avon Longitudinal Study of Parents and Children (ALSPAC) cohort, but due to 
variations in methodology used and subjects examined, they are described separately in this review. All of the 
studies were rated positive quality. Two studies were conducted in the United Kingdom, and one study each was 
conducted in the United States, Korea, Iran, and Germany. The sample sizes for these studies ranged from 141 to 
24,958 participants (2 studies <200, 1 study <500, 1 study <1,000, 1 study >6500, and 1 study >24,000). Four 
studies were conducted in children and two in adults. Five of the studies included both females and males, while one 
study included only girls (Noh, 2011).   
 
The studies in this review used a range of different dietary assessment methods. Three studies used 3-day diet 
records (Johnson, 2008; Ambrosini, 2012; Wosje, 2010), another used a 24-hour recall and a 2-day diet record (Noh, 
2011), one used an FFQ (Schulz, 2005), and one used two, 24-hour dietary recalls (Sherafat-Kazemzadeh, 2010). 
The studies also varied in terms of weight-related outcomes examined: Ambrosini (2012) examined fat mass index, 
excess adiposity, BMI, and weight status; Johnson (2008) examined fat mass, fat mass index, BMI, weight status, 
body fat percentage, and excess adiposity; Noh (2011) examine BMI and body fat percentage; Schulz (2005) looked 
at annual change in body weight; Sherafat-Kazemzadeh (2010) examined BMI, waist circumference, and waist-to-
hip ratio; and Wosje (2010) examined fat mass.  
 
The independent variables in all six studies were dietary patterns determined with reduced rank regression analysis; 
however, the response variables used to identify the dietary patterns differed by study. Two studies used biomarkers 
as response variables (Noh, 2011; Wosje, 2010), and four studies used nutrients as response variables (Ambrosini, 
2012; Johnson, 2008; Schulz, 2005; Sherafat-Kazemzadeh, 2010). The response variables used and dietary patterns 
extracted for each study are described in more detail below: 

 
Evidence Summary Paragraphs 
 
Johnson, 2008 (positive quality) selected dietary energy density (DED), fiber density (FD), and percentage of 
energy intake from fat as response variables. Three dietary patterns were extracted from a group of children ages 5 
to 9 years (a random subsample of the larger ALSPAC cohort) in the United Kingdom. Pattern 1 explained the most 
variation in the response variables (47 percent) at ages 5 and 7 years. Patterns 2 and 3 explained <20 percent of the 
variation and were not used in subsequent analyses. Pattern 1 at 5 years of age was characterized by higher intakes 
of lower fiber bread, crisp and savory snacks, chocolate and confectionary, high-fat milk and cream, and cheese and 
cheese dishes, and lower intakes of fresh fruit, vegetables, boiled or baked potatoes, high-fiber bread, and high-fiber 
breakfast cereal. Pattern 1 at 7 years of age was characterized by higher intakes of crisps and savory snacks, 
chocolate and confectionery,  low-fiber bread, biscuits and cakes, processed meat, and lower intakes of fresh fruit, 
vegetables, high-fiber breakfast cereals, boiled or baked potatoes, and high-fiber bread.  
Ambrosini (2012) conducted another study in the ALSPAC cohort, this time using data from the full cohort, 
collected over a longer follow-up period. Ambrosini (2012) used the same response variables (dietary energy density 
[DED], fiber density [FD], and percentage of energy intake from fat). Three dietary patterns were extracted from a 
group of children ages 7 to 15 years in the United Kingdom. Pattern 1 explained the most variation in the response 
variables (45 percent) at all ages. Patterns 2 and 3 explained <15 percent of the variation and were not used in 
subsequent analyses. Similar to the previous report, Pattern 1 was characterized by higher intakes of chocolate and 
confectionary, lower fiber bread, cakes and biscuits, crisps, and full-fat milk, and lower intakes of fresh fruit, 
raw/boiled vegetables, high-fiber breakfast cereal, boiled potatoes, and high-fiber bread. 
 
Noh, 2011 (positive quality) selected change in BMI, change in percent body fat, change in BMC, and change in 
BMD as response variables. Four dietary patterns were extracted. Patterns 1 and 2 explained more variation in the 
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response variables (14 percent) than Patterns 3 and 4, so these two patterns were used in subsequent analyses. 
Pattern 1 was characterized by higher intakes of eggs and rice, and lower intakes of nuts and seeds, processed meats, 
potatoes, and eastern grains. Pattern 2 was characterized by higher intakes of fruits, nuts and seeds, milk and dairy 
products, other beverages, eggs, fruit juices, and eastern grains, and lower intakes of vegetables mushrooms, and 
kimchi. 
 
Schulz, 2005 (positive quality) selected the nutrient densities (g per 1 MJ) of the dietary variables total fat, total 
carbohydrates, and fiber as response variables. Three dietary patterns were extracted. Pattern 1 explained the most 
response variation (53 percent of total variation). Patterns 2 and 3 explained only 21 percent and 10 percent of the 
variation and were not further used in subsequent analyses. Pattern 1 included foods such as whole-grain bread, 
fresh fruit, fruit juices, grains, cereals, and raw vegetables. 
 
Sherafat-Kazemzadeh, 2010 (positive quality) selected fat, polyunsaturated to saturated fat ratio, calcium, 
cholesterol, and fiber intake as response variables. Five dietary patterns were extracted, and all five patterns were 
used in subsequent analyses. Pattern 1 explained 39 percent, Pattern 2 explained 19 percent, Pattern 3 explained 13 
percent, Pattern 4 explained 9 percent, and Pattern 5 explained 5 percent of total variation. Pattern 1 (“traditional 
pattern”) included sources of hydrogenated and saturated fat, egg, red and processed meat, refined carbohydrates, 
vegetables, and whole grain and starchy vegetables. Pattern 2 (“fiber and PUFA pattern”) included plant oils, starchy 
vegetables, legumes, other vegetables, salty snacks, and fruit and nuts, with negative loadings for dairy products. 
Pattern 3 (“fiber and dairy pattern”) included fruits and vegetables, dairy, and whole grain, as well as negative 
loadings for plant oil and egg. Pattern 4 (“dairy pattern”) included dairy, egg, and plant oil, with negative loadings 
for saturated and Trans fat, refined carbohydrates, vegetables, and fruit. Pattern 5 (“egg pattern”) included egg, fruit, 
and salty snacks, with negative loadings for dairy, plant and saturated oil, and red meat.  
 
Wosje, 2010 (positive quality) selected fat mass and bone mass as response variables. Two patterns were extracted. 
Pattern 1 explained 13 to 19 percent of variation in the response variables, and Pattern 2 explained 11 to 18 percent 
of the variation. Pattern 1 included foods such as whole grains, cheese, processed meats, eggs, fried potatoes, 
discretionary fats, and artificially sweetened beverages. Pattern 2 included food such as dark-green vegetables, deep-
yellow vegetables, and processed meats. 
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Overview Table 
Table 4-C-III-1. Studies examining what combinations of food intake (assessed using reduced rank 

regression) explain the most variation in risk of obesity 

Study (Quality 
Rating) 

Study Design 
(Location) 

Response Variables Dietary Patterns Identified 

Ambrosini, 2012  
(Positive Quality) 
Prospective Cohort  
(ALSPAC; United 
Kingdom) 

• Dietary energy density 
• Fiber density 
• Percentage of energy intake from fat 

 
Pattern 1 explained 45% of the variation in the response variables 
at all ages (7, 10 & 13 y), and over 80% of the variation in DP 
scores was explained by the top 5 and bottom 5 factor loadings. 

Pattern 1 at all ages ("energy dense, high fat, low fiber"): (+) confectionery 
chocolate, low-fiber bread, biscuit and cakes, crisps, full fat milk; (-) fresh fruit, 
raw/boiled vegetables, high-fiber breakfast cereal, boiled potatoes, and high-
fiber bread. 
 

Johnson, 2008  
(Positive Quality) 
Prospective Cohort  
(ALSPAC; United 
Kingdom) 

• Dietary energy density 
• Fiber density 
• Percentage of energy intake from fat 

 
Pattern 1 explained 47% of the variation in the response variables 
at ages 5 & 7 y.  

Pattern 1 at 5 y: (+) lower fiber bread, crisp and savory snacks, chocolate and 
confectionary, high-fat milk and cream, cheese and cheese dishes; (-) fresh 
fruit, vegetables, boiled or baked potatoes, high-fiber bread, high-fiber 
breakfast cereals   

Pattern 1 at 7 y: (+) crisps and savory snacks, chocolate and confectionery,  
low-fiber bread, biscuits and cakes, processed meat; (-) fresh fruit, vegetables, 
high-fiber breakfast cereals, boiled or baked potatoes, high-fiber bread                

Noh, 2011  
(Positive Quality) 
Prospective Cohort 
(SUN; Korea) 

• Change in BMI 
• Change in % body fat 
• Change in bone mineral content 
• Change in bone mineral density 
 
Patterns 1 and 2 explained 14% of the variation in the response 
variables. 

Pattern 1 ("egg and rice pattern"): higher intakes of eggs and rice, and lower 
intakes of nuts and seeds, processed meats, potatoes, and eastern grains 

Pattern 2: ("fruit, nut, milk, beverage, egg, grain pattern"): higher intakes of 
fruits, nuts and seeds, milk/dairy products, other beverages, eggs, fruit juices, 
and eastern grains, and lower intakes of vegetables mushrooms, and kimchi  

Schulz, 2005  
(Positive Quality) 
Prospective Cohort  
(EPIC-Potsdam; 
Germany) 

• Total fat 
• Total carbohydrate 
• Fiber 

 
Pattern 1 explained 53% of the variation in the response variables.  

Pattern 1: (+) whole-grain bread, fresh fruit, fruit juices, grains (cereals), raw 
vegetables; (-) processed meat, butter, high-fat cheese, margarine, meat (other 
than poultry)       
 

Sherafat-
Kazemzadeh, 2010  
(Positive Quality) 
Prospective Cohort  
(Tehran Lipid and 
Glucose Study; Iran) 

• Fat 
• Polyunsaturated to saturated fat ratio 
• Calcium 
• Cholesterol 
• Fiber 
 
Pattern 1 explained 39%, Pattern 2 explained 19%, Pattern 3 
explained 13%, Pattern 4 explained 9%, and Pattern 5 explained 
5% of total variation.  
 

Pattern 1 ("traditional pattern"): high intake of sources of hydrogenated and 
saturated fat, egg, red and processed meat, refine carbohydrates, vegetables, 
and whole grain and starchy vegetables 

Pattern 2 ("fiber and PUFA pattern"): high intake of plant oils, starchy 
vegetables, legumes, other vegetables, salty snacks, and fruit and nuts, and 
low intake of dairy  

Pattern 3 ("fiber and dairy pattern"): high intake of fruits and vegetables, 
dairy, and whole grain, and low intake of plant oil and egg 

Pattern 4 ("dairy pattern"): high intake of dairy, egg, and plant oil, and low 
intake of saturated and trans fat, refined carbohydrates, vegetables, and fruit 

Pattern 5 ("egg pattern"): high intake of egg, fruit, and salty snacks, and low 
intake of dairy, plant and saturated oil, and red meat 

Wosje, 2010  
(Positive Quality) 
Prospective Cohort  
(United States) 

• Fat mass 
• Bone mass 
 
Pattern 1 explained 13-19% of variation in the response variables, 
and Pattern 2 explained 11-18% of the variation.  

Pattern 1: whole grains, cheese, processed meats, eggs, fried potatoes, 
discretionary fats, and artificially sweetened beverages 

Pattern 2: dark-green vegetables, deep-yellow vegetables, and processed 
meats 

 

Key:  (+) Higher intake               (-) Lower intake 
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Assessment of the Body of Evidence 

This review included six positive-quality prospective cohort studies. However, while a sufficient quantity and 
quality of studies were potentially available, the studies varied substantially in methodology used and populations 
considered, which resulted in insufficient information from which to draw conclusions about the relationship 
between dietary patterns derived using reduced rank regression and body weight status. 
 
Limitations of the Evidence 
Methodological Differences 
• Each study used different response variables in the reduced rank regression analyses. Two studies used 

biomarkers as response variables. Noh (2011) used change in BMI, percent body fat, bone mineral content, and 
bone mineral density as response variables, and Wosje (2010) included fat and bone mass as response variables. 
Four studies used nutrients as response variables: Ambrosini (2012) and Johnson (2008) used dietary energy 
density, fiber density, and percent of energy as fat; Schulze (2005) used total fat, carbohydrate, and fiber, and 
Sherafat-Kazemzadeh (2010) used fat, PUFA: SFA, calcium, cholesterol, and fiber. In reduced rank regression, 
the dietary patterns identified are those that explain the most variation in the response variables chosen. 
Therefore, because the studies included in this review used different response variables, the dietary patterns 
derived may not be comparable. 

• Different weight-related outcomes were examined across the studies. The most common outcomes considered 
were body mass index (Ambrosini, 2012; Johnson, 2008; Noh, 2011; Sherafat-Kazemzadeh, 2010) and fat mass 
or percentage (Ambrosini, 2012; Johnson, 2008; Noh, 2011; Wosje, 2010). Two studies examined incidence of 
overweight or obesity and excess adiposity (Ambrosini, 2012; Johnson, 2008). Only one study examined waist 
circumference (Serafat-Kazemzadeh, 2010). This variability made it difficult to identify themes within this 
body of evidence. 

• Dietary assessment methods were different across the studies. Of the six studies, three used diet records 
(Ambrosini, 2012; Johnson, 2008; Wosje, 2010), one used 24-hour recalls (Sherafat-Kazemzadeh, 2010), 
another used a 24-hour recall and a diet record (Noh, 2011), and one used an FFQ (Schulz, 2005). It is unclear 
what impacts different dietary assessment methods have on the derivation of dietary patterns using reduced rank 
regression. 

• The studies were not consistent in their use of confounders in analyses. In particular, physical activity was not 
included as a confounder in the analyses by Johnson (2008) or Noh (2011).  

 
Population Differences 
• Each study was conducted in a different country (United States, Korea, United Kingdom, Iran, and Germany) 

and represented populations in different regions of the world, which prevented the ability to compare and 
interpret the results. 

• The studies were conducted with different age groups, four with children (Ambrosini, 2012; Johnson, 2008; 
Noh, 2011; Wosje, 2010) and two with adults (Schulz, 2005; Sherafat-Kazemzadeh, 2010). Even among the 
studies with children, the age groups were significantly different.   
 

Research Recommendations 
More research using reduced rank regression should be conducted. Additionally, standardization in methodology, 
particularly in response variables used, is needed.  

 
  



  

Dietary Patterns   67 

 

REFERENCES 
 
1. Ambrosini DL, Emmett PM, Northstone K, Howe LD, Tilling K and Jebb SA. Identification of a dietary pattern 

prospectively associated with increased adiposity during childhood and adolescence. International Journal of 
Obesity (2012) 36, 1299–1305; doi:10.1038/ijo.2012.127; published online 7 August 2012 Open 
 

2. Johnson L, Mander AP, Jones LR, Emmett PM, Jebb SA. Energy-dense, low-fiber, high-fat dietary pattern is 
associated with increased fatness in childhood.  Am J Clin Nutr. 2008 Apr;87(4):846-54. PMID: 18400706 
 

3. Noh HY, Song YJ, Lee JE, Joung H, Park MK, Li SJ, Paik HY. Dietary patterns are associated with physical 
growth among school girls aged 9-11 years.  Nutr Res Pract. 2011 Dec;5(6):569-77. Epub 2011 Dec 31. PMID: 
22259683 
 

4. Schulz M, Nöthlings U, Hoffmann K, Bergmann MM, Boeing H. Identification of a food pattern characterized 
by high-fiber and low-fat food choices associated with low prospective weight change in the EPIC-Potsdam 
cohort.  J Nutr. 2005 May;135(5):1183-9. PMID: 15867301 
 

5. Sherafat-Kazemzadeh R, Egtesadi S, Mirmiran P, Gohari M, Farahani SJ, Esfahani FH, Vafa MR, Hedayati M, 
Azizi F. Dietary patterns by reduced rank regression predicting changes in obesity indices in a cohort study: 
Tehran Lipid and Glucose Study.  Asia Pac J Clin Nutr. 2010;19(1):22-32. PMID: 20199984 
 

6. Wosje KS, Khoury PR, Claytor RP, Copeland KA, Hornung RW, Daniels SR, Kalkwarf HJ. Dietary patterns 
associated with fat and bone mass in young children.  Am J Clin Nutr. 2010 Aug;92(2):294-303. Epub 2010 Jun 
2. PMID: 20519562 

  

http://www.nature.com/ijo/journal/v36/n10/abs/ijo2012127a.html
http://www.nature.com/ijo/journal/v36/n10/abs/ijo2012127a.html
http://www.ncbi.nlm.nih.gov/pubmed/18400706
http://www.ncbi.nlm.nih.gov/pubmed/18400706
http://www.ncbi.nlm.nih.gov/pubmed/22259683
http://www.ncbi.nlm.nih.gov/pubmed/22259683
http://www.ncbi.nlm.nih.gov/pubmed/15867301
http://www.ncbi.nlm.nih.gov/pubmed/15867301
http://www.ncbi.nlm.nih.gov/pubmed/15867301
http://www.ncbi.nlm.nih.gov/pubmed/20199984
http://www.ncbi.nlm.nih.gov/pubmed/20199984
http://www.ncbi.nlm.nih.gov/pubmed/20519562
http://www.ncbi.nlm.nih.gov/pubmed/20519562


  

Dietary Patterns   68 

 

 
Section IV: Other Methods  
By Jean M. Altman and Eve Essery Stoody 

 
What is the relationship between adherence to dietary guidelines/recommendations or specific 
dietary patterns (assessed using methods other than index/score, cluster or factor, or reduced 
rank regression analyses) and body weight status? 

 
 

TECHNICAL ABSTRACT 
 
Background   
The goal of this systematic review project is to identify patterns of food and beverage intake that promote health and 
prevent disease. Historically, most dietary guidance has been based on research conducted on individual food 
components or nutrients. Dietary patterns are defined as the quantities, proportions, variety, or combination of 
different foods, drinks, and nutrients (when available) in diets, and the frequency with which they are habitually 
consumed. Different methods of analyses are used to assess dietary patterns including index or score, cluster or 
factor, reduced rank regression, in addition to other methods, to exam the relationship between adherence to dietary 
guidelines/recommendations or specific dietary patterns of a population and outcomes of public health concern. The 
objective of this systematic review was to assess the relationship between patterns of food and beverage intake 
identified using methods other than index or score, factor or cluster, or reduced rank analyses, and body weight.  

 
Conclusion Statement  
There is moderate evidence that adherence to a dietary pattern that emphasizes vegetables, fruits, and whole grains is 
associated with modest benefits in preventing weight gain or promoting weight loss in adults. (Grade: II-Moderate) 
 
Methods  
Literature searches were conducted using PubMed, Embase, Navigator (BIOSIS, CAB Abstracts, and Food Science 
and Technology Abstracts), and Cochrane databases to identify studies that evaluated the association between 
dietary patterns defined using methods other than index factor or cluster analysis and body weight status. Studies 
that met the following criteria were included in the review: conducted in subjects aged 2 to 18 years; randomized 
controlled trials, non-randomized controlled trials, or quasi-experimental studies; subjects from countries with high 
or very high human development (based on the 2011 Human Development Index); subjects who were healthy or at 
elevated chronic disease risk; published in English in a peer-reviewed journal. The date range was unlimited. 
 
The results of each included study were summarized in evidence worksheets (including a study quality rating) and 
an evidence table. A group of subject matter experts were involved in a qualitative synthesis of the body of 
evidence, development of a conclusion statement, and assessment of the strength of the evidence (grade) using pre-
established criteria including evaluation of the quality, quantity, consistency, magnitude of effect, and 
generalizability of available evidence.   
 
Findings  
• The Women’s Health Initiative (WHI), Mediterranean, Vegetarian, and “Healthy” dietary patterns were 

associated with beneficial body weight outcomes. These dietary patterns consistently emphasized fruits, 
vegetables, and whole grains. Fewer studies considered, but consistently observed benefits, with reduced meat 
intake. Some studies also considered total fat intake; these studies did not support that targeting a low total fat 
intake is required for weight loss or stability.  

• Studies included in this review were short to moderate in duration, and individuals with greater adherence to the 
plant-based dietary pattern experienced better body weight outcomes. 
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• Additional research is needed to quantify the amounts of food groups that are beneficial to consume, but, in 
general, movement to a dietary pattern with more plant foods and less meat is favorable related to body weight 
status.   

 
Discussion  
The ability to draw strong conclusions was limited due to the following issues: 
• Five of the seven studies included in this review assessed dietary intake using food frequency questionnaires. 

Additionally, one study assessed dietary patterns by using a simple series of questions. These dietary 
assessment methodologies have measurement error and also prevent sufficient quantification of dietary intake.  

• The studies did not consistently consider or report calorie intake and/or energy expenditure, which are important 
to consider when examining body weight status. 

 
 
 

PLAIN LANGUAGE SUMMARY 
 

Do the amounts, types, variety, or combinations of foods and beverages  
people frequently eat and drink affect body weight? 

  
In the past, researchers looked at the relationship between individual foods and nutrients and health. Today, there is 
interest in looking at how combinations of foods and beverages, or dietary patterns, impact health. This summary of 
a NEL review presents what we know about different healthy eating patterns and the amounts, variety, or 
combination of different foods and drinks, and how often they are eaten affect body weight.  
 
Conclusion 

There is moderate evidence that adherence to a dietary pattern that emphasizes vegetables, fruits, and whole grains is 
associated with modest benefits in preventing weight gain or promoting weight loss in adults. 
 
What the Research Says 

• Of the seven studies in the review, the Women’s Health Initiative (WHI), Mediterranean, Vegetarian, and 
“Healthy” dietary patterns were found to be favorable to body weight outcomes. These healthy dietary patterns 
consistently included fruits, vegetables, and whole grains. A few studies found that eating less meat helped with 
body weight. Some studies also looked at the effect of total fat in the diet but found that eating a low-fat diet is 
not required for weight loss or to prevent weight gain.  

• Studies included in this review were short to moderate in length, and persons who closely followed a dietary 
pattern containing mostly plant-based food had better body weight outcomes. 

• More research is needed to find out the exact amounts of food groups that are good to consume. In the mean 
time, eating a dietary pattern that contains more plant foods and less meat is better for body weight status.   
 

 
EVIDENCE PORTFOLIO 

 
Conclusion Statement 
There is moderate evidence that adherence to a dietary pattern that emphasizes vegetables, fruits, and whole grains is 
associated with modest benefits in preventing weight gain or promoting weight loss in adults. 
 
Grade 
II – Moderate 
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Key Findings 
• The Women’s Health Initiative (WHI), Mediterranean, Vegetarian, and “Healthy” dietary patterns were associated with 

beneficial body weight outcomes. These dietary patterns consistently emphasized fruits, vegetables, and whole grains. 
Fewer studies considered, but consistently observed benefits, with reduced meat intake. Some studies also considered 
total fat intake; these studies did not support that targeting a low total fat intake is required for weight loss or stability.  

• Studies included in this review were short to moderate in duration, and individuals with greater adherence to the plant-
based dietary pattern experienced better body weight outcomes. 

• Additional research is needed to quantify the amounts of food groups that are beneficial to consume, but, in general, 
movement to a dietary pattern with more plant foods and less meat is favorable related to body weight status.   

 
Evidence Summary Overview 

Description of the Evidence: 

Four randomized controlled trials (Blumenthal, 2010; Carty, 2011; Esposito, 2004; Howard, 2006) and three 
prospective cohort studies (Pachucki, 2011; Romaguera, 2011; Rosell, 2006) were included in this review. All seven 
studies received a positive quality rating, and one was rated neutral. Four studies were conducted in the United 
States, one in the United Kingeom, one in Italy, and one in five European countries (Italy, United Kingdom, 
Netherlands, Germany, and Denmark). The sample sizes for the randomized controlled trials ranged from 140 to 
46,808 participants, and the prospective cohort studies had sample sizes of 2,437 to 48,631 participants (in total, 2 
studies <200, 2 studies <5,000, 1 study <25,000, and 2 studies >45,000). All seven studies were conducted in adults. 
Five studies included men and women, and two studies included only postmenopausal women. The duration of the 
randomized controlled trials ranged from 4 months to 7.5 years, and the duration of the prospective cohort studies 
ranged from 5.3 years to 10 years (in total, 1 study <1 year, 1 study = 2 years, 3 studies ≤6 years, 2 studies ≤10 
years).  
 
Dietary patterns examined: 
The dietary patterns examined in the randomized controlled trials were the Dietary Approaches to Stop 
Hypertension (DASH) diet, a Mediterranean diet, and the low-fat dietary pattern from the Women’s Health Initiative 
(WHI) Dietary Modification (DM) trial (2 studies). In these studies, the dietary intake of the participants was 
assessed, and the participants receiving the intervention modified their diets in the direction of the dietary pattern of 
interest. The diets examined in the prospective cohort studies were vegetarian, a generally healthy pattern, and a 
variety of empirically derived patterns ranging in healthfulness according to their scoring on the Dietary Guidelines 
Adherence Index (DGAI). Two of the prospective cohort studies also examined the change in dietary patterns 
among participants over time (Pachucki, 2011; Rosell, 2006). Table 4-A-IV-2 provides an overview of the study 
characteristics and provides a description of the dietary patterns examined in the studies. 
 
Dietary assessment: 
• Five studies in this review assessed dietary intake using FFQs. All of the FFQs were validated, and three studies 

used FFQs specific for the research study (Carty, 2011; Howard, 2006; Romaguera, 2011). One study 
supplemented their FFQ with 4-day food diaries (Blumenthal, 2010).   

• One study assessed dietary intake using weekly diet diaries and assessed dietary adherence using 3-day food 
records (Esposito, 2004). 

• One study categorized dietary intake based on responses to four ‘Yes/No’ questions asking participants if they 
consumed meat, fish, eggs, or dairy products (Rosell, 2006). 

Outcomes considered: 
• Five studies examined change in body weight, and four studies examined change in BMI. In four of these 

studies, height and body weight were measured by study personnel. One study used self-reported height and 
weight (Rosell, 2006); however, they conducted a validity study and found self-reported and measured height 
and weight to be highly correlated (r>0.09).  

• Three studies considered waist circumference. In all of these studies, baseline WC was measured by study 
personnel. In one study, WC at follow-up was self-reported (Romaguera, 2011); however, they conducted a 
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validity study and found that self-reported WC could be used as a proxy for measured WC if adjustments were 
made in analyses. 

• Two studies assessed change in percent body fat. Both of these studies assessed body fat using DXA. 
• One study examined incidence of overweight and obesity, and height and weight were measured by study 

personnel in this cohort. 
 
Themes 
 
This body of evidence included a diverse group of studies that varied in the methodologies used and the dietary 
patterns considered. The randomized controlled trials examined the Women’s Health Initiative (WHI)–Dietary 
Modification (DM) (Howard, 2006; Carty, 2011), the DASH pattern (Blumenthal, 2010), and a Mediterranean 
pattern (Esposito, 2004). The prospective cohort studies examined Vegetarian diets (Rosell, 2006), a “generally 
healthy” pattern (Romaguera, 2011), and seven empirically derived dietary patterns ranging in healthfulness based 
on the Dietary Guidelines Adherence Index (Pachucki, 2011). All of the patterns associated with beneficial body 
weight outcomes emphasized plant foods, particularly vegetables, fruit, and whole grains. The remaining features of 
the dietary patterns varied.  
 
Total fat intake was considered in all four of the randomized controlled trials included in this review but was not 
assessed in the analyses of the three prospective cohort studies. Three articles studied patterns that were designed to 
be low in fat. One of the goals of the WHI-DM trial was to reduce fat intake to 20 percent (Howard, 2006; Carty, 
2011). However, while energy from fat decreased ~8 percent from approximately 39 percent at baseline, this goal 
was not reached; yet beneficial outcomes related to body weight were observed. The DASH study was also low in 
total fat (≤25 percent of energy intake), but there was no significant effect of this diet alone on weight status; only 
the group that combined the DASH diet with calorie restriction experienced weight loss greater than the control 
group. Finally, Esposito and colleagues (2004) examined a Mediterranean dietary pattern that promoted moderate fat 
intake (<30 percent total fat and <10 percent saturated fat) as well as olive oil and walnut consumption and found 
reduced body weight, BMI, and WC compared to the controls. Overall, the body of evidence did not support that a 
dietary pattern must be low in fat to promote weight loss or stability. 
 
Meat intake was considered in the three prospective cohort studies but not specifically in the four randomized 
controlled trials. Pachucki et al. (2011) and Rosell et al. (2006) associated increased meat intake with greater weight 
gain, and less meat intake with more favorable body weight outcomes. Rosell et al. (2006) also reported that mean 
annual weight gains were lowest among individuals who moved toward eating a vegan diet. Romaguera et al. (2011) 
indicated that a diet lower in processed meat intake was associated with less abdominal obesity. Overall, these 
observational studies indicated a benefit to reducing meat intake. 
 
The studies in this review ranged in duration from 4 months to 10 years. The 4-month DASH intervention trial 
included two study arms: one isocaloric and one with a caloric restriction of 500 kcal/d (Blumenthal, 2010). Over 
the intervention period, the DASH diet alone did not result in significant weight loss compared to the control group. 
However, the group with calorie restriction did. The longer term RCTs that examined the WHI-DM (Howard, 2006; 
Carty, 2011) and Mediterranean (Esposito, 2004) patterns observed favorable body weight outcomes over time 
compared to controls. Further, Howard et al. (2006) reported that greater adherence to the WHI-DM resulted in 
better body weight outcomes. Esposito et al. (2004) observed decreased body weight, BMI, and WC in participants 
consuming a Mediterranean diet compared to those consuming a control diet over the 2-year trial. The prospective 
cohort trials were 5.3, 5.5, and 10 years in duration and all of these studies indicated beneficial body weight 
outcomes when adhering to a healthier dietary pattern or converting to a healthier dietary pattern over time. 
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Table 4-A-IV-1 Summary of Findings 
Related to the conclusion that increased adherence to a plant-based dietary pattern is associated with 

more favorable body weight outcomes over time 

Study/ Dietary Pattern  Body Weight Body Mass 
Index 

Waist 
Circumference  

Percent  
Body Fat 

Incidence of 
Overweight or 

Obesity 

Howard 2006/ WHI-DM   (+)* (+)* (+)*    
Carty 2011/ WHI-DM     (+)   

Blumenthal 2010/ DASH  

(∅) DASH-
alone 
(+) DASH with 
calorie 
restriction 

  

(∅) DASH-alone 
(+) DASH with 
calorie restriction  

Esposito 2004/ Mediterranean   (+) (+) (+)    
Pachucki 2011/ Seven empirically 
derived dietary patterns ranging in 
healthfulness      (+)** 

Romaguera 2011/ “Generally 
healthy”    (+)    

Rosell 2006/ Vegetarian  (+)*** (∅)    

* WHI-DM resulted in less body weight/WC gain than experienced by the control group. 
** Participants who moved on an “unhealthy” eating trajectory over the 10 years were more likely to be overweight and obese. 
*** The most beneficial results were observed in vegans, fish-eaters, and those who moved toward a vegan eating pattern over 
the 5.3 year study.  
 
 
Qualitative Assessment of the Body of Evidence 

Quality and Quantity  
Although the methodologies and dietary patterns considered in these studies differed, this review included several 
high-quality, large studies. Four randomized controlled trials (Blumenthal, 2010; Carty, 2011; Esposito, 2004; 
Howard, 2006) and three prospective cohort studies (Pachucki, 2011; Romaguera, 2011; Rosell, 2006) were 
included in this review. Six of the seven studies received a positive quality rating, and one was rated neutral. The 
sample sizes for the randomized controlled trials ranged from 140 to 46,808 participants, and the prospective cohort 
studies had sample sizes of 2,437 to 48,631 participants (in total, 2 studies <200, 2 studies <5,000, 1 study <25,000, 
and 2 studies >45,000). All seven studies were conducted in adults. 
 
Consistency 
Various dietary patterns were considered in this review. Additionally, various measures of body weight status were 
considered as outcomes. However, overall, there was a general trend for the dietary patterns to be categorized as 
plant-based patterns, emphasizing vegetables, fruits, and whole grains, with lesser emphasis on meat. There was also 
a general trend that adherence to a plant-based dietary pattern was associated with better weight outcomes, either 
greater weight loss or less weight gain, over time compared to controls. 
 
Impact 
Few studies provided quantitative intake data on the food groups consumed within these patterns. For example, for 
vegetables and fruits, the WHI, DASH, and Mediterranean diet studies recommended at least 5 servings, 9-12 
servings, and a minimum of approximately 1.5 servings (converting from grams) per day, respectively. The WHI 
reported the intervention group maintained 5 servings at the end of the 2-year study and the Mediterranean diet trial 
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achieved approximately 2-4 servings per day. While more research is needed, to quantify the amount of food groups 
that should be consumed, it appears that at least several servings per day should be emphasized. However, it should 
be noted that in the prospective cohort studies by Pachucki et al. (2011) and Rosell et al. (2006), movement to a 
healthier dietary pattern over time was associated with better body weight outcomes. 
 
Generalizability/External Validity  
All of the studies cited were conducted in middle-aged or older adults, with a predominance of women participants. 
Although one study had a substantial portion of African Americans, the remaining studies were predominantly 
Caucasian or conducted in Europe (presumed predominantly Caucasian). Subsequently, the conclusion for this 
review is limited to adults only, and additional research should be conducted to examine if and how gender and 
ethnicity might influence the relationship between dietary patterns and body weight status. 
 
Limitations 
• Five of the seven studies included in this review assessed dietary intake using FFQs. Additionally, one study 

assessed dietary patterns by using a simple series of questions. These dietary assessment methodologies have 
measurement error and also prevent sufficient quantification of dietary intake.  

• The studies did not consistently consider or report calorie intake and/or energy expenditure, which are important 
to consider when examining body weight status. 
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Table 4-A-IV-2. Overview Table: Body Weight Status 

Citation 
Quality Rating 
Study Design 

Location 
Duration 

Study/Cohort 

Sample Size 
Age 

Gender 
Dietary Pattern Overview 

Results: 
Body Weight 

Body Mass Index 
Waist Circumference 

Percent Body Fat 
Incidence of Overweight/Obesity 

Howard et al., 2006 
 
Positive 
 
Randomized 
Controlled Trial 
 
U.S.  
 
7.5 y 
 
Women's Health 
Initiative (WHI) Dietary 
Modification (DM) Trial 

N = 46,808 
 
62.3 y 
 
100% Female 
(postmenopausal) 
 
 
 

Low-fat dietary pattern 
Dietary goals: Reduce total dietary fat 
to 20% and increase intake of 
vegetables and fruit to 5 or more 
servings and grains (whole grains 
encouraged) to 6 or more servings 
daily; intervention did not encourage 
weight loss or caloric reduction. 

Body Weight:  
Intervention group lost weight in the first year (mean of 
2.2 kg, P<0.001) and maintained lower weight than 
control women during an average 7.5 y of follow-up 
(difference at 1 y = 1.9 kg, P<0.001 and at 7.5 y = 0.4 kg, 
P=0.01). 
 
No tendency toward weight gain was observed in 
intervention group women overall or when stratified by 
age, ethnicity, or body mass index.  
 
Weight loss was greatest among women in either group 
who decreased their percentage of energy from fat (P 
for trend < 0.001 in both groups in models adjusting for 
baseline energy intake). A similar but lesser trend was 
observed with increases in vegetable and fruit servings 
(P for trend = 0.005 and 0.02 for intervention and 
control, respectively, in models adjusting for baseline 
energy intake), and a nonsignificant trend toward weight 
loss occurred with increasing intake of fiber. 
 
BMI:  
Increases occurred in both groups, but were less in the 
intervention group.  
Change in BMI, kg/m2:  
Intervention = 0.03 (3.2) 
Control = 0.3 (3.1); P<0.001 
 
WC:  
Slight increases occurred in both groups, but were less 
in the intervention group.  
Change in WC, cm:  
Intervention = 1.6 (8.6) 
Control = 1.9 (8.8); P=0.04 

Carty et al., 2011 
 
Positive 
 
Randomized 
Controlled Trial 
 
U.S.  
 
6 y 
 
Women's Health 
Initiative (WHI) Dietary 
Modification (DM) Trial 

N = 3,053 
 
62 y 
 
100% Female 
(postmenopausal) 
 
 
 

Low-fat dietary pattern 
Dietary goals: Reduce total dietary fat 
to 20% and increase intake of 
vegetables and fruit to 5 or more 
servings and grains (whole grains 
encouraged) to 6 or more servings 
daily; intervention did not encourage 
weight loss or caloric reduction. 

Percent Body Fat:  
Overall, the intervention was associated with reductions 
in % body fat (-0.8%; 95% CI = -1.0 to -0.6%), fat mass 
(-1.1 kg; 95% CI = -1.3 to -0.8 kg), and lean mass  
(-0.17 kg; 95% CI = -0.28 to -0.06 kg) during follow-up 
(all P-values <0.003).  
 
Baseline to year 1: % body fat decreased in both 
groups, but the intervention group lost significantly more  
(P<0.001). 
Baseline to year 3: Women in the intervention group 
lost % body fat; women in the control group gained % 
body fat. The difference was modest (<1%) but 
significant (P<0.0001). 
Baseline to year 6: % body fat increased in both groups; 
women in intervention group gained slightly less, but 
their change from baseline was no longer significantly 
different from the change observed by the control group 
(P=0.057). 
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1 The volumes listed are approximations and will depend on the actual food consumed. 

Table 4-A-IV-2. Overview Table: Body Weight Status―continued 

Citation 
Quality Rating 
Study Design 

Location 
Duration 

Study/Cohort 

Sample Size 
Age 

Gender 
Dietary Pattern Overview 

Results: 
Body Weight 

Body Mass Index 
Waist Circumference 

Percent Body Fat 
Incidence of Overweight/Obesity 

   Fat mass changes from baseline followed patterns 
similar to those for percentage body fat; the largest 
differences were observed during the first year of 
follow-up, with women in the intervention group losing 
1.72 (0.12) kg more than women in the control group.  
 
Lean mass decreased in both groups during follow-up, 
with women in the intervention group losing significantly 
more in year 1 (P=0.004) and 3 (P=0.038), but not in 
year 6 (P=0.076). 
 
Changes in total % body fat and fat mass associated 
with the intervention significantly varied by self-reported 
race-ethnicity (P<0.01 for both groups) and treated 
diabetes status (P<0.01 and P=0.04, respectively). 
Significant decreases in % body fat and fat mass were 
observed in (1) White women, but not in Black or 
Hispanic women, and (2) women without treated 
diabetes, but not in women with treated diabetes. 

Blumenthal et al., 
2010 
 
Positive 
 
Randomized 
Controlled Trial 
 
U.S.  
 
4 mo 
 
ENCORE Study 

N = 140 
 
52 y 
 
67% Female 
 

Dietary Approaches to Stop 
Hypertension (DASH) pattern 
Dietary goals were modeled after the 
original DASH feeding studies and 
included: Increase intake of fruits and 
vegetables (9-12 serv/d) and low-fat 
dairy products (2-3 serv/d); reduce 
intake of saturated fat (≤7% of energy) 
and total fat (≤25% energy); daily 
intake of no more than 100 mEq of 
dietary sodium; and daily intake of 1 oz 
or less of alcohol (2 drinks) for men 
and ½ oz (1 drink) for women. 
 
Study included two arms with the 
DASH pattern: (1) isocaloric (DASH-A) 
and (2) caloric restriction of 500 kcal/d 
(DASH-DM). 

Body Weight: 
At follow-up, the mean weight for the DASH-WM group 
was significantly lower (84.5 kg) compared to DASH-A 
(92.9 kg; P<0.001) and to controls (94.1 kg; P<0.001). The 
weight change was −8.7 kg in DASH-WM, −0.3 kg in 
DASH-A, and +0.9 kg in controls.  
 
Percent Body Fat:  
DASH-WM group had significantly lower % body fat 
(33.1%) and trunk fat (13.6 kg) compared to DASH-A 
(36.2%; 16.6 kg) and controls (36.9%; 17.1 kg) (all 
P-values <0.001).  
 
DASH-WM had lower lean body mass (54.3 kg) 
compared to the DASH-A (56.8 kg) and controls (56.5 kg)  
(all P-values <0.001).  
 
DASH-A did not differ significantly from controls on any 
body composition measure. 
 

Esposito et al., 2004 
 
Positive 
 
Randomized 
Controlled Trial 
 
Italy  
 
2 y 
 

N = 164 
 
43.9 y 
 
45% Female 

Mediterranean dietary pattern 
Dietary goals: 50-60% carbohydrate, 
15-20% protein, <30% total fat, <10% 
sat fat, <300 mg cholesterol; at least 
250 to 300 g of fruits (1 to 1.3 cups1), 
125 to 150 g of vegetables (0.5 to 0.65 
cups), 25 to 50 g of walnuts (1.75 to 
3.5 Tbsp), and 400 g of whole grains 
(14 oz; including legumes) daily, and 
increase olive oil consumption. 

Body Weight:  
Body weight decreased more in intervention group 
(−4.0 [1.1] kg) than in control group (−1.2 [0.6] kg) 
(P<0.001). 
 
BMI: 
BMI decreased more in intervention group (-1.2 [0.3] 
kg/m2) than in control group (-0.4 [0.4] kg/m2) (P=0.01).  
 
WC: 
WC decreased more in intervention group (-2 [0.5] cm) 
than in control group (0 [0.01] cm) (P=0.01). 
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Table 4-A-IV-2. Overview Table: Body Weight Status―continued 

Citation 
Quality Rating 
Study Design 

Location 
Duration 

Study/Cohort 

Sample Size 
Age 

Gender 
Dietary Pattern Overview 

Results: 
Body Weight 

Body Mass Index 
Waist Circumference 

Percent Body Fat 
Incidence of Overweight/Obesity 

Pachucki et al., 2011 
 
Positive 
 
Prospective Cohort 
Study 
 
U.S.  
 
10 y 
 
Offspring Cohort of the 
Framingham Heart 
study 

N = 2,437 
 
54 y 
 
53% Female 
 

Empirically derived dietary patterns 
7 empirically derived dietary patterns 
were created in this study using factor 
and cluster analyses and cross-
classified with the Dietary Guidelines 
Adherence Index (DGAI) score (score 
range was 1-20; listed below from most 
to least "healthy"). 
'Healthier': 11.95 (1.94) 
'Offsetting': 9.67 (2.28) 
'Caffeine-avoidant': DGAI=9.41 (2.41) 
'Light': DGAI=8.36 (1.89) 
'Alcohol and snacks': DGAI=8.31 (2.24) 
'Sweets': DGAI=8.03 (2.27) 
'Meat and soda': DGAI=7.29 (2.11) 

Body Weight: 
No group lost weight.  
'Healthful' trajectory gained 0.56 (2.37) kg 
'No change' trajectory gained 0.67 (2.4) kg 
'Mixed' trajectory gained 0.75 (2.22) kg 
'Unhealthy' trajectory gained 1.03 (2.39) kg 
 
BMI: 
'Unhealthy' trajectory associated with 0.42 kg/m2 
increase in BMI (CI = 0.1 to 0.7).  
 
Incidence of Overweight/Obesity: 
Those with 'unhealthful' trajectory were 1.79 times more 
likely to be overweight (relative risk ratio; 95% CI = 1.1 
to 2.8) and 2.4 times more likely to be obese (RR; 95% 
CI = 1.3 to 4.4). 

Romaguera et al., 
2011 
 
Positive 
 
Prospective Cohort 
Study 
 
Italy, U.K., 
Netherlands, 
Germany, Denmark 
 
5.5 y 
 
European Prospective 
Investigation into 
Cancer and Nutrition 
(EPIC) study; 
DiOGenes (Diet, 
Obesity and Genes) 
project  

N = 48,631 
 
≤ 60 y 
 
60% Female 
 

Generally healthy pattern 
A summary dietary pattern score was 
constructed for this study which 
included food groups/items significantly 
associated with the outcome of interest 
(∆WCBMI). Six food groups/items were 
included in the score: fruit, dairy, white 
bread, processed meat, margarine, 
and soft drinks.   
 
Participants within the 1st, 2nd, and 
3rd sex-specific tertile of fruit and dairy 
consumption were given 0, 1, and 2 
points, respectively; participants within 
the 1st, 2nd, and 3rd sex-specific tertile 
of white bread, processed meat, 
margarine, and soft drinks were given 
2, 1, and 0 points, respectively. The 
overall score range was 0-12 points. 
 
A higher score represented a diet rich 
in fruit and dairy and low in white 
bread, processed meat, margarine, 
and soft drinks. 
 
 
 
 
 
 
 
 
 
 
 
 
 

WC: Those in the first quartile of the score—indicating a 
more favorable dietary pattern—showed a ∆WCBMI of 
 -0.05 (95% CI: -0.03 to -0.07), -0.07 (95% CI: -0.05 to  
-0.09), and -0.11 (95% CI: -0.09 to -0.14) cm/yr 
compared to those in second, third, and fourth quartiles, 
respectively. 
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Research Recommendations 
• Additional research is needed to specify dietary patterns, particularly the quantity of different food and 

beverages that should be consumed.  
• Studies, particularly randomized controlled trials, are needed that include several dietary patterns so that dietary 

patterns can be compared within, in addition to between, studies to determine the optimal dietary pattern, or the 
consistent components across dietary patterns, that are most beneficial related to body weight status. 

 

  

Table 4-A-IV-2. Overview Table: Body Weight Status―continued 

Citation 
Quality Rating 
Study Design 

Location 
Duration 

Study/Cohort 

Sample Size 
Age 

Gender 
Dietary Pattern Overview 

Results: 
Body Weight 

Body Mass Index 
Waist Circumference 

Percent Body Fat 
Incidence of Overweight/Obesity 

Rosell et al., 2006 
 
Positive 
 
Prospective Cohort 
Study 
 
U.K. 
 
5.3 y 
 
European Prospective 
Investigation into 
Cancer and Nutrition 
(EPIC) study; 
DiOGenes (Diet, 
Obesity and Genes) 
project 

N = 21,966 
 
20–69 y 
 
76% Female 
 
 

Vegetarian patterns 
Participants were asked four questions 
at baseline and follow-up and 
categorized into dietary pattern groups 
based on their responses:   
• 'Do you eat any meat (incl bacon, 

ham, poultry, game, meat pies, 
sausages)? (Yes/No)'  

• 'Do you eat any fish? (Yes/No)'  
• 'Do you eat any eggs? (Yes/No)'  
• 'Do you eat any dairy products 

(including milk, cheese, butter, 
yogurt)? (Yes/No)' 

 
Meat-eater (subjects ate meat at 
baseline and follow-up), fish-eater 
(subjects did not eat meat but ate fish), 
vegetarian (subjects did not eat meat 
or fish but ate eggs and/or dairy 
products), vegan (subjects did not eat 
any food of animal origin), reverted 
(subjects who during follow-up had 
changed their diet in one or more steps 
in the direction vegan>vegetarian>fish-
eater>meat-eater), or converted 
(subjects who changed their diet in one 
or more steps in the opposite 
direction). 

Body Weight: 
Annual weight gain = 0.39 (0.88) kg in men and 0.40 
(0.89) kg in women.  
 
Compared with meat-eaters, mean annual weight gain 
was lower in vegans (0.28 kg in men and 0.30 kg in 
women, P<0.05 for both sexes) and fish-eaters (0.34 kg, 
women only, P<0.001).  
 
The lowest mean annual weight gains were seen in 
men and women classified as converted (0.24 kg in 
men and 0.30 kg in women, P<0.001 for both sexes), in 
whom the mean annual weight gain was 40 and 29% 
smaller, respectively, compared with the mean annual 
weight gain in meat-eaters.  
 
The highest weight gains were seen in men and women 
classified as reverted, but these values were not 
significantly different from the mean weight gains in 
meat-eaters. 
 
BMI: 
Mean age-adjusted annual increases in BMI in meat-
eaters, fish-eaters, vegetarians, and vegans were 0.12, 
0.12, 0.12, and 0.10 kg/m2 in men (P for heterogeneity 
= 0.556), and 0.15, 0.12, 0.15, and 0.12 kg/m2 in 
women (P for heterogeneity = 0.017), respectively. 
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Chapter 4-B. The Relationship Between Dietary Patterns and 
Risk of Cardiovascular Disease 
 
Section I: Index Analysis  
By Mary M. McGrane and Joan Lyon 
 

What is the relationship between adherence to dietary guidelines/recommendations or 
specific dietary patterns, assessed using an index or score, and risk of cardiovascular 
disease?  

 
 

TECHNICAL ABSTRACT 
Background  
The goal of this systematic review project was to identify dietary patterns of food and beverage intake that promote 
health and prevent disease. Historically, most dietary guidance has been based on research conducted on individual 
food components or nutrients. Dietary patterns are defined as the quantities, proportions, variety, or combination of 
different foods, drinks, and nutrients in diets, and the frequency with which they are habitually consumed. The 
objective of this systematic review was to assess the relationship between adherence to an a priori score and risk of 
cardiovascular disease. An a priori score measures the degree of adherence to specific dietary guidelines or 
adherence to a healthy diet defined by scientific evidence on diet and disease. A priori scores are composite 
numeric scores of foods, food components, and/or nutrients that are assessed as dichotomous variables (with 
predefined cut-points), ordinal variables such as quintiles, or as continuous variables. The individual components 
are summed to derive a total score.   
 
Conclusion Statement  
There is strong and consistent evidence that in healthy adults increased adherence to dietary patterns scoring high 
in fruits, vegetables, whole grains, nuts, legumes, unsaturated oils, low-fat dairy, poultry and fish; low in red and 
processed meat, high-fat dairy, and added sugars; and moderate in alcohol is associated with decreased risk of fatal 
and non-fatal cardiovascular diseases, including coronary heart disease and stroke. (Grade I: Strong) 
 
Methods  

Literature searches were conducted using PubMed, Embase, (BIOSIS, CAB Abstracts, and Food Science and 
Technology Abstracts), and Cochrane databases to identify studies that evaluated the association between dietary 
patterns (using an a priori index or score) and risk of cardiovascular disease. Studies that met the following criteria 
were included in the review: randomized controlled trials, non-randomized controlled trials, or prospective cohort 
studies; subjects aged 2 to 18 years; subjects who were healthy or at elevated chronic disease risk; subjects from 
countries with high or very high human development (2011 Human Development Index); and published in English 
in peer-reviewed journals. The date range was unlimited. Diet exposure was assessed by adherence to a 
hypothesis-based dietary pattern, defined using a numerical scoring system.  
 
A group of technical experts were involved in a qualitative synthesis of the body of evidence, development of a 
conclusion statement, and assessment of the strength of the evidence (grade) using pre-established criteria 
including evaluation of the quality, quantity, consistency, magnitude of effect, and generalizability of available 
evidence. 
 
Findings  

• A total of 55 studies met the inclusion criteria for this systematic review and the body of evidence consisted 
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primarily of large prospective cohort studies. These studies had large, relatively homogeneous populations of 
generally healthy adults, with long follow-up times.  

• The majority of studies that assessed CVD incidence or mortality reported a favorable association between 
increased adherence to a dietary pattern and risk of CVD. The decrease in risk of CVD ranged from 22 to 59 
percent for increased adherence to a Mediterranean dietary pattern and from 20 to 44 percent for increased 
adherence to a dietary guidelines-related pattern.  

• In studies that examined CVD mortality secondary to total mortality, there were mixed results for favorable 
and null associations.  

• The majority of studies that assessed CHD incidence or mortality reported a favorable association between 
adherence to a dietary pattern and CHD risk. The decreased risk of CHD ranged from 29 to 61 percent for 
increased adherence to a Mediterranean dietary pattern, from 24 to 31 percent for increased adherence to a 
dietary guidelines-related pattern, and from 14 to 27 percent for adherence to DASH.  

• The majority of studies that assessed stroke incidence or mortality reported a favorable association between 
adherence to a dietary pattern and stroke risk. The decreased risk of stroke ranged from 13 to 53 percent for 
increased adherence to a Mediterranean dietary pattern and from 14 to 60 percent for increased adherence to a 
dietary guidelines-related pattern.  

• A smaller number of studies examined intermediate, secondary outcomes, and other individual clinical 
endpoint outcomes with mixed results. 

 
Discussion  

The preponderance of evidence from studies carried out in large, well-characterized prospective cohorts from the 
United States, Europe, Japan, and Australia showed that an increase in a Mediterranean diet score or dietary 
guidelines-related score was associated with decreased risk of fatal and non-fatal CVD, defined as coronary heart 
disease (CHD) and stroke, as well as decreased risk of CHD and stroke as individual clinical outcomes. Scores that 
were most frequently associated with decreased risk of CVD, CHD, or stroke were the original Mediterranean Diet 
Score (MDS), the Alternate Mediterranean Diet Score (aMed), the Healthy Eating Index (HEI)-2005, the Alternate 
HEI (AHEI) and updated AHEI-2010, the Recommended Food Score (RFS), and a DASH score. Positive food 
components of scores that were associated with decreased CVD risk were fruits, vegetables, whole grains, nuts, 
legumes, unsaturated fats, and fish. Alcohol was included as a positive component when consumed in moderation, 
but not in all scores. Red and processed meats were negative components in the Mediterranean scores, AHEI 
scores, and DASH; whereas, poultry was included as a positive component in the original AHEI and RFS scores. 
Total high-fat dairy was a negative component in the MDS, but dairy was a positive component when meeting 
recommended intakes for the HEI-2005 or as low-fat dairy in the RFS and DASH scores. Certain scores also 
included sugars or sugar-sweetened beverages as negative components.  
 
Limitations in this body of evidence were the use of different scores and differences between scores based on 
median population intakes versus recommended intakes. However, in this relatively large body of evidence, a 
limited number of scores were predictive of risk, oftentimes less complicated versions of these scores, and in some 
studies different scores were tested in the same cohorts, making comparisons across these scores feasible. 
 
 
 

PLAIN LANGUAGE SUMMARY 
 

Is adherence to dietary guidelines or specific dietary patterns, assessed by a 
predetermined score, related to the likelihood of developing cardiovascular disease? 

 
In the past, researchers looked at the relationship between individual foods and nutrients and health. Today, there 
is interest in looking at how combinations of foods and beverages, or dietary patterns, impact health. Many 
researchers use a score to measure how well individuals follow specific dietary guidance or a healthy diet. These 
are numeric scores of foods, food components, and/or nutrients and the individual components are summed to 
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derive a total score for a dietary pattern. This summary of a NEL review presents what we know about dietary 
patterns, assessed using a score, and the likelihood of developing cardiovascular disease.   
 
Conclusion 
There is strong and consistent evidence that in healthy adults increased adherence to dietary patterns scoring high 
in fruits, vegetables, whole grains, nuts, legumes, unsaturated oils, low-fat dairy, poultry and fish; low in red and 
processed meat, high-fat dairy, and added sugars; and moderate in alcohol is associated with decreased risk of fatal 
and non-fatal cardiovascular diseases, including coronary heart disease and stroke. 
 
What the Research Says 
• Results from this review tell us that consuming a Mediterranean-style dietary pattern or dietary guidelines-

related pattern may prevent people from getting cardiovascular diseases.  
• These studies show that consuming a diet that scores high in fruits, vegetables, whole grains, nuts, legumes, 

unsaturated oils, low-fat dairy, poultry and fish; low in red and processed meat, high-fat dairy, and added 
sugars; and moderate in alcohol may decrease risk of fatal and non-fatal cardiovascular diseases, including 
coronary heart disease and stroke. 
 

 
EVIDENCE PORTFOLIO 

 
Conclusion Statement 
There is strong and consistent evidence that in healthy adults increased adherence to dietary patterns scoring high in 
fruits, vegetables, whole grains, nuts, legumes, unsaturated oils, low-fat dairy, poultry and fish; low in red and 
processed meat, high-fat dairy, and added sugars; and moderate in alcohol is associated with decreased risk of fatal 
and non-fatal cardiovascular diseases, including coronary heart disease and stroke. 
 
Grade 
I – Strong 
  
Key Findings:  
• Three major categories of dietary pattern scores were identified related to cardiovascular disease (CVD) risk: 

dietary exposure based on adherence to (1) a Mediterranean dietary pattern, (2) dietary guidelines 
recommendations, or (3) a DASH diet.  

• The preponderance of the evidence from studies carried out in large, well-characterized prospective cohorts 
from the United States, Europe, Japan, and Australia showed that, in healthy adults, an increase in a 
Mediterranean diet score or dietary guidelines-related score was associated with decreased risk of fatal and non-
fatal CVD, defined as coronary heart disease (CHD) and stroke, as well as decreased risk of CHD and stroke as 
individual clinical outcomes. Fewer studies assessed the association between adherence to a DASH diet and 
CVD, CHD, or stroke outcomes, using an index or score, and their findings were inconsistent.  

• Scores that were most frequently associated with decreased risk of CVD, CHD, or stroke, in categorical 
comparisons of adherence, were the original Mediterranean Diet Score (MDS), the Alternate Mediterranean 
Diet Score (aMed), the Healthy Eating Index (HEI)-2005, the Alternate HEI (AHEI) and updated AHEI-2010, 
the Recommended Food Score (RFS), and one of the DASH scores.   

• Positive food components of scores that were associated with decreased CVD risk were fruits, vegetables, 
whole grains, nuts, legumes, unsaturated fats, and fish. Alcohol was included as a positive component when 
consumed in moderation, but not in all scores. Red and processed meats were negative components in the 
Mediterranean scores, AHEI scores, and DASH; whereas, poultry was included as a positive component in the 
original AHEI and RFS scores. Total high-fat dairy was a negative component in the MDS, but dairy was a 
positive component when meeting recommended intakes for the HEI-2005 or as low-fat dairy in the RFS and 
DASH scores. Certain scores also included sugars or sugar-sweetened beverages as negative components.  
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• Studies that assessed the association between individual food components of scores and CVD risk were 
consistent with the identified food components from comparisons across predictive scores. 

• A smaller number of studies examined intermediate, secondary outcomes and other individual clinical endpoints 
outcomes with mixed results.  

 
Evidence Summary Overview  

Description of the Evidence 
A total of 55 studies met the inclusion criteria for this systematic review on dietary patterns and incident 
cardiovascular disease (CVD) outcomes. The body of evidence consisted primarily of prospective cohort studies; 52 
studies were prospective cohort studies and the remaining studies were randomized controlled trials (RCTs). In 
terms of study quality, 46 of the studies were of positive quality and 9 were of neutral quality. The studies were 
carried out between the years 2000 and 2013. The sample sizes of the RCTs were from 187 to 7,447 subjects. The 
sample sizes of prospective cohort studies ranged from 373 to as many as 380,296 participants (3 studies <1,000, 16 
studies >1,000, 29 studies >10,000, and 4 studies >100,000). RCT duration ranged from 3 months to 4.8 years and 
prospective cohort study follow-up times ranged from 2 to 40 years. Several of the prospective cohort studies were 
of long duration, with 7 studies with greater than 20 years follow-up. The majority of these studies measured hard 
clinical endpoint outcomes. 
 
Population: The prospective cohort studies were primary prevention studies of general populations and most studies 
were conducted with healthy adults who were free of CVD, coronary heart disease (CHD), hypertension (HTN), or 
diabetes. However, a few studies included participants with chronic diseases such as CVD, HTN, or diabetes, within 
a larger cohort of otherwise healthy individuals (Akbaraly, 2011; Kant, 2000; Nilsson, 2012; Russell, 2012; Tognon, 
2012). The three RCTs were conducted in adults with elevated chronic disease risk: two studies reported on the 
Prevencion con Dieta Mediterranea (PREDIMED) trial of older adults at increased CVD risks (Estruch, 2006 and 
2013) and one study reported on men with metabolic syndrome (Jacobs, 2009). In prospective cohort studies with 
adult participants, age ranges spanned from 18 to 97 years. Two studies focused on young adults with an age range 
of 18 to 30 years from the Coronary Artery Risk Development in Young Adults Study (CARDIA) cohort (Steffen, 
2005; Zamora, 2011). One study was conducted specifically in the elderly with an age range of 70 to 90 years 
(Knoops, 2004). Only one study examined children; a longitudinal growth and health study examined boys and girls 
with a mean age of 13 years at baseline (van der Laar, 2012). Several studies examined only women (Belin, 2011; 
Chiuve, 2011; Fitzgerald, 2012; Fung, 2008 and 2009; Levitan, 2009a; McCullough, 2000b; Michels and Wolk, 
2002) and one study focused specifically on post-menopausal women (Belin, 2011). Other studies examined only 
men (Fidanza, 2004; Jacobs, 2009; Kaluza, 2009; Levitan, 2009b; McCullough, 2000a; Menotti, 2012; Sjögren, 
2010). Some studies that examined men and women assessed health outcomes separately by gender (Buckland, 
2011; Dauchet, 2011; Dilis, 2012; Drake, 2012; McCullough, 2002; Mitrou, 2007; Nilsson, 2012; Oba, 2009; 
Seymour, 2003; Tognon, 2012; von Ruesten, 2010). Only four studies specifically identified the race/ethnic 
subgroups of their cohort. Two studies with the CARDIA cohort examined equal numbers of Black and White 
young adults (Steffen, 2005; Zamora, 2010). One study examined Hispanic, Black, and White urban Americans (the 
Northern Manhattan Study) (Gardener, 2011) and one study examined Whites, Blacks, and South Asians in the 
United Kingdom (Whitehall II study) (Akbaraly, 2011).  
 
Taken together, studies were conducted in the United States, Europe, Japan, and Australia and included many large, 
well-characterized cohorts. Several studies analyzed the same cohorts; however, all of the included studies presented 
unique data related to the association between dietary patterns and CVD. 
• Nineteen studies were conducted in the United States with the following cohorts: the Nurses’ Health Study 

(Chiuve, 2011 and 2012; Fung, 2008 and 2009; McCullough, 2000b and 20002), the Health Professionals 
Follow-Up Study (Chiuve, 2012; McCullough, 2000a and 2002), the Women’s Health Initiative (Belin, 2011; 
Fitzgerald, 2012), the CARDIA Study (Steffen, 2005; Zamora, 2011), the Iowa Women’s Health Study 
(Folsom, 2007), the Framingham Offspring and Spouse Study (Rumawas, 2009), the NIH AARP Diet and 
Health Study (Mitrou, 2007), the American Cancer Society Cancer Prevention Study II (Seymour, 2003), the 
Breast Cancer Detection and Demonstration Project (Kant, 2000), and the Northern Manhattan Study 
(Gardener, 2011).  
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• Nine studies were conducted in Spain with the following cohorts: the Seguimiento Universidad de Navarra 
Study (Martínez-González, 2011 and 2012; Núñez-Córdoba, 2009; Toledo, 2010; Tortosa, 2007), EPIC-Spain 
(Buckland, 2009 and 2011), and the Prevencion con Dieta Mediterranea Study (Estruch, 2006 and 2013).  

• Eight studies were conducted in Sweden with the following cohorts: the Swedish Mammography Cohort 
(Levitan, 2009a; Michels and Wolk, 2002), the Cohort of Swedish Men (Kaluza, 2009; Levitan, 2009b), the 
Vasterbotten Intervention Program (Nilsson, 2012; Tognon, 2012), the Uppsala Longitudinal Study of Adult 
Men (Sjögren, 2010), and the Malmö Diet and Cancer Cohort (Drake, 2012).  

• Four studies were conducted in Greece with the following cohorts: EPIC-Greece (Dilis, 2012; Misirli, 2012; 
Trichopoulou, 2003) and the ATTICA study (Pangiotakos, 2008).  

• Two studies were conducted in Italy, EPIC-Italy (Agnoli, 2011) and the Italian Rural Areas of the Seven 
Countries Study (Menotti, 2012). Two studies were conducted in France, both with the SU.VI.MAX cohort 
(Dauchet, 2007; Kesse-Guyot, 2011). Two studies were conducted in Norway, the Oslo Diet and Exercise Study 
(Jacobs, 2009) and the Tromso Study (Hansen-Krone, 2012). Two studies were conducted in the Netherlands, 
EPIC-Netherlands (Hoevenaar-Blom, 2012) and the Amsterdam Growth and Health Longitudinal Study (van 
der Laar, 2012). And two studies were conducted in Japan, including the National Integrated Project for 
Prospective Observation of Non-Communicable Diseases and Trends in the Aged (Nakamura, 2009) and the 
Takayama Study (Oba, 2009).  

• The remaining countries were represented in only one study: Germany (EPIC-Potsdam; von Ruesten, 2010), 
Denmark (WHO MONICA Study; Osler, 2012), Portugal (EPIPorto; Camoes, 2010), the United Kingdom 
(Whitehall II; Akbaraly, 2011), and Australia (Blue Mountain Eye Study; Russell, 2012).  

• Lastly, two large multi-country studies were included in this body of evidence: the Seven Countries Study 
(United States, Finland, Italy, Greece, Japan, Yugoslavia, and Serbia) (Fidanza, 2004) and Healthy Ageing: a 
Longitudinal study in Europe (HALE), comprised of individuals from the Survey in Europe on Nutrition and 
the Elderly: a Concerned Action (SENECA) and the Finland, Italy, the Netherlands Elderly (FINE) studies. In 
combination, the latter analysis included 11 European countries (Knoops, 2004).  

 
Dietary Exposure: Methodologically, diet exposure was assessed by adherence to a hypothesis-driven dietary 
pattern, defined using a numerical scoring system. Three major categories of a priori dietary patterns were 
identified: (1) dietary pattern exposure based on a Mediterranean diet, (2) dietary pattern exposure based on dietary 
guidelines recommendations, and (3) dietary pattern exposure based on a DASH diet. The most common method of 
assessment of dietary intake for determining dietary pattern scores was food frequency questionnaires (FFQs), 
commonly validated for foods in the respective locations of the population of study. Many prospective cohort 
studies assessed dietary intake only at baseline. 
• Twenty-three studies examined health outcomes related to adherence to a Mediterranean-style dietary pattern. 

Of these studies, 12 studies used the Mediterranean Diet Score (MDS) 1 of Trichopoulou (Agnoli, 2011; Dilis, 
2012; Gardener, 2011; Hoevenaar-Blom, 2012; Martínez-González, 2011 and 2012; Misirli, 2012; Mitrou, 
2007; Núñez-Córdoba, 2009; Sjögren, 2010; Trichopoulou, 2003; Tortosa 2007). Four studies used the alternate 
Mediterranean Diet Score (aMed) (Fung, 2009; Mitrou, 2007; van der Laar, 2012; Chiuve, 2011). Two RCTs 
used the authors’ Mediterranean diet score based on a version of the MDS that assessed a cardio-protective 
Mediterranean diet (Estruch, 2006 and 2013). Numerous other Mediterranean diet scores were represented in 
this body of evidence including the relative Mediterranean diet score (rMED) (Buckland, 2009 and 2011), the 
modified MDS (MMDS) (Tognon, 2012; Knoops, 2004), the Mediterranean Adequacy Index (MAI) (Fidanza, 
2004; Menotti, 2012), the Mediterranean Style Diet Pattern Score (MSDPS) (Rumawas, 2009), the 
MedDietScore (Pangiotakos, 2008), and the Italian Mediterranean Index (Agnoli, 2011).  

• Seventeen studies examined health outcomes related to adherence to dietary guidelines recommendations, 
including the United States, French, German, Swedish, and Japanese dietary guidelines recommendations. Of 
these studies, the largest number of studies assessed adherence to a version of the Healthy Eating Index (HEI). 
Four studies used the alternate HEI (AHEI) or updated AHEI-2010 (Belin, 2011; Chiuve, 2012; McCullough, 
2002; Akbaraly, 2011). Two studies used the HEI-2005 (Agnoli, 2011; Chiuve, 2012) and two studies used 
HEI-f, a version of the original HEI adapted to the authors’ FFQs (McCullough, 2000a and 2000b). Several 
studies used the Recommended Food Score (RFS) in different versions, also including a non-RFS in some 
studies (Kaluza, 2009 [and non-RFS]; Kant, 2000; McCullough, 2002; Michels and Wolk, 2002 [and non-
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RFS]).  Different versions of a Diet Quality Index (DQI) were used including the DQI-2005 (Zamora, 2011), 
the DQI of Patterson (Seymour, 2003), and DQI-Swedish Nutrition Recommendations (DQI-SNR) (Drake, 
2012). Two studies used a Japanese score including the Japanese Food Guide Spinning Top (Oba, 2009) and the 
Reduced Salt Japanese Diet Score (Nakamura, 2009). Lastly, one study used the French Programme National 
Nutrition Santé Guideline Score (PNNS-GS) (Kesse-Guyot, 2011) and one study used the German Food 
Pyramid (von Reusten, 2010).  

• Eight studies examined health outcomes related to adherence to a DASH diet. Of these studies, five studies used 
the DASH score of Fung (Agnoli, 2011; Fitzgerald, 2012; Fung, 2008; Levitan, 2009a and 2009b) and two used 
the DASH score of Folsom (Folsom, 2007; Levitan, 2009a). One study (Dauchet, 2007) used two scores 
adapted from the DASH eating plan of Appel (Appel, 1997) and one study (Camoes, 2010) used the DASH 
goals of Sacks (Sacks, 1995 and 2001). Finally, one study (Levitan, 2009a) used DASH scores based on NHLBI 
food and nutrient recommendations.   

• Five studies examined health outcomes comparing the association with two or more dietary pattern scores, 
including comparisons across Mediterranean, dietary guidelines, DASH, and other customized scores (Agnoli, 
2011 [DASH, MDS, Italian MDS, HEI]; Belin, 2011 [AHEI, DMI]; McCullough, 2002 [AHEI, RFS]; Sjögren, 
2010 [HDI, MDS]; and Toledo, 2010 [DASH, UMMDS, etc.]). Toledo, in particular, assessed a large number of 
scores across Mediterranean diet and dietary guidelines-related scores. Three studies measured different 
versions of related scores (Chiuve, 2012 [HEI, AHEI]; Levitan, 2009a [DASH]; Mitrou, 2007 [MDS, aMed]).  

• Seven studies examined health outcomes associated with the authors’ own a priori diet scores: Hansen-Krone 
(2012), Jacobs (2009), Nilsson (2012), Osler (2002), Russell (2012), Sjögren (2010), and Steffen (2005). 

 
Qualitative Synthesis of the Collected Evidence 

Themes and Key Findings for Total Scores  
 
Health Outcomes: The studies in this body of evidence were subdivided into two broad categories based on (I) 
endpoint clinical outcomes and (II) intermediate (CVD risk factor) outcomes. Within the first category, there were 
five designated subcategories: studies that examined (1) cardiovascular disease (CVD), (2) coronary heart disease 
(CHD), (3) stroke, (4) myocardial infarction (MI), and (5) heart failure (HF). Within the second category, there were 
two designated subcategories: studies that examined (1) hypertension (HTN) and blood pressure (BP) and (2) blood 
lipids. 
 
Endpoint Clinical Outcomes: Cardiovascular diseases are disorders, both fatal and non-fatal, that affect the heart 
and circulatory system. The two major subclasses of CVD are CHD and stroke, and CHD includes MI as a major 
event. In addition, HF, another prevalent disorder, is also included within CVD. For this systematic review, endpoint 
clinical outcomes were subdivided into CVD, CHD, stroke, MI, and HF; ranging from more inclusive to less 
inclusive cardiovascular disorders. Overall, the outcomes were most commonly identified using the 9th or 10th 
edition of the International Classification of Diseases (ICD-9 or ICD-10). 
 
CVD Incidence and Mortality:  
The CVD category included studies that assessed a composite measure of CVD as the primary or secondary 
outcome of the study, and overall 29 studies were included (table 4-B-I-2). Typically, studies that measured CVD as 
a primary outcome did not include all diseases of the circulatory system (i.e., the entire spectrum of disorders listed 
in the ICD for this category). Total CVD most commonly included CHD and stroke, both fatal and nonfatal events. 
CHD and stroke events, in addition to CVD, were also assessed individually in many of these studies. This category 
also included studies with the primary objective of assessing total mortality but that also assessed CVD mortality as 
a secondary outcome. These studies commonly assessed CVD as “diseases of the circulatory system” and included 
the complete spectrum, or a large spectrum, of disorders listed in the ICD for this category.  
 
Seventeen studies examined the association between adherence to a dietary pattern and CVD incidence and/or 
mortality as primary outcomes. The studies were all prospective cohort studies with one exception, an RCT 
(PREDIMED trial) that reported endpoint clinical outcomes (Estruch, 2013 [Med Diet]). The prospective cohort 
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studies were typically large studies with well-characterized cohorts representative of national populations from the 
United States, Europe, and Japan. Two major categories of a priori dietary patterns were identified in these cohorts: 
(1) Mediterranean-style dietary patterns and (2) dietary guidelines-related dietary patterns. Additionally, two studies 
examined adherence to a DASH dietary pattern and three studies examined adherence to the authors’ own a priori 
dietary pattern score.  
 
Out of 17 studies that assessed CVD incidence and mortality, 14 studies reported a favorable association between 
increased adherence to a dietary pattern and risk of CVD (Belin, 2011 [AHEI, DMI]; Chiuve, 2012 [HEI, AHEI]; 
Estruch, 2013 [Med Diet]; Fitzgerald, 2012 [DASH]; Fung, 2009 [aMed]; Gardener, 2011 [MDS]; Hoevenaar-Blom, 
2012 [MDS]; Kesse-Guyot, 2011 [PNNS-GS]; Knoops, 2004 [MDS]; Martínez-González, 2011 [MDS]; 
McCullough, 2000a [HEI-f]; McCullough, 2002 [AHEI, RFS]; Nakamura, 2009 [Japanese Diet Score]; Pangiotakos, 
2008 [MedDietScore]). These studies had large sample sizes with generally healthy adults and long follow-up times. 
The long follow-up periods allowed for sufficient numbers of incident events and assessment of long-term 
associations between a given dietary pattern and CVD risk. The large cohorts in these studies were relatively 
homogeneous in terms of ethnicity and SES, which had the advantage of reducing confounding. In the prospective 
cohort studies, with few exceptions, common confounders were adjusted for, including age, sex, total energy, 
physical activity, BMI, smoking, and medications or supplements. Overall, in studies that reported favorable 
associations between a dietary pattern (based on categories of adherence) and CVD incidence or mortality, the 
decrease in risk of CVD ranged from 22 to 59 percent for increased adherence to a Mediterranean dietary pattern 
and from 20 to 44 percent for increased adherence to a dietary guidelines-related pattern. The one RCT reported that 
a Mediterranean diet (plus olive oil or nuts) decreased risk of CVD in high risk subjects, with an approximate 30 
percent decrease in risk of major CVD events for both interventions, and the trial (PREDIMED) was stopped early 
for meeting benefit requirements (Estruch, 2013 [Med Diet]). One study found an association between adherence to 
a German dietary guidelines-related score in men, but not in women (von Ruesten 2010 [German Food Pyramid 
Index]), and one study of women reported that although there was a 14 percent decreased risk of CVD, it was not 
significant (McCullough, 2000b [HEI-f]). Lastly, although one study on DASH cited above found a 12-percent 
decrease in incident CVD risk in women (Fitzgerald, 2012 [DASH]), a second study reported no association 
between a DASH dietary pattern and CVD mortality in women (Folsom, 2007 [DASH]). 
 
Twelve studies measured CVD mortality as a secondary outcome after total mortality. Of these studies, five studies 
reported a favorable association between adherence to a dietary pattern and CVD mortality (Akbaraly, 2011 [AHEI]; 
Buckland, 2011 [rMED]; Kaluza, 2009 [RFS]; Martínez-González, 2012 [MDS]; Mitrou, 2007 [MDS, aMed]).  
Four studies reported different CVD mortality risk outcomes based on gender. Three of these studies found a 
favorable association between adherence to either a dietary guidelines-related score (Oba, 2009 [Japanese Food 
Guide Score]; Seymour, 2003 [DQI]) or a Mediterranean diet score (Tognon, 2012 [MMDS]) and CVD mortality in 
women, but not men. However, one study found a favorable association in men, but not in women (Drake, 2012 
[DQI-SNR]). Three studies reported no association between dietary pattern and CVD mortality (Nilsson, 2012 
[Traditional Sami diet score]; Russell, 2012 [TDS]; Sjögren, 2010 [HDI, MDS]).   
 
Sub-analysis–Gender: Several studies examined only women; three of these found a favorable association between 
dietary pattern and CVD incidence or mortality in women (Belin, 2011 [AHEI, DMI]; Fitzgerald, 2012 [DASH]; 
Fung, 2009 [aMed]) (one study focused on post-menopausal women [Belin, 2011]). However, one study, although 
reporting a 14 percent decreased risk of CVD in women, found it was not significant (McCullough, 2000b [HEI-f]). 
Another study found no association in women (Folsom, 2007 [DASH]). Three studies examined only men and found 
either a favorable association (McCullough, 2000a [HEI-f]; Kaluza, 2009 [RFS]) or no association (Sjögren, 2010 
[HDI, MDS]). Other studies examined men and women separately relative to CVD risk and found either a favorable 
association for both between adherence to a dietary pattern and CVD (McCullough, 2002 [AHEI, RFS]; Mitrou, 
2007 [MDS, aMed]) or a gender difference with a favorable association for men, but not women (Drake, 2012 [DQI-
SNR]; von Ruesten, 2010 [German Food Pyramid Index]) or a favorable association for women, but not men (Oba, 
2009 [Japanese Food Guide Score]; Seymour, 2003 [DQI]; Tognon, 2012 [MMDS]). One study that assessed men 
and women separately found no association for either men or women (Nilsson, 2012 [Traditional Sami diet score]). 
Two studies assessed men and women together, as well as men and women separately, and found a favorable 
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association in all cases between adherence to a dietary pattern and CVD mortality (Buckland, 2011 [rMED]) or 
incidence (Chiuve, 2012 [HEI, AHEI]). Taken together, although there are reported gender differences across this 
series of studies, the evidence is mixed and does not demonstrate a consistently more favorable association for men 
or women as individual subgroups. Many of the studies that found gender differences used country-specific dietary 
guidelines scores within their target populations, including the German Food Pyramid Index, the Japanese Food 
Guide Score, and the DQI adapted to the Swedish Nutrition Recommendations (DQI-SNR). 
 
CHD Incidence and Mortality:  
CHD was commonly defined as fatal and nonfatal CHD and nonfatal MI. This category included 16 studies that 
measured CHD incidence or mortality. Nine of these studies assessed diet exposure as adherence to a Mediterranean 
dietary pattern; whereas, fewer studies assessed other diet pattern score categories such as dietary guidelines-related 
scores (4), DASH scores (3), and an authors’ customized a priori diet score (1). Overall, the CHD studies included 
seven of the above studies that measured both CVD and CHD as independent outcomes, six studies that examined 
CHD incidence or mortality, three studies that measured CHD mortality as a secondary outcome after total 
mortality, and one study that examined sudden cardiac death (table 4-B-I-3). Overall, the CHD outcomes were most 
commonly identified by ICD-9 or ICD-10 codes. 
 
Out of 13 studies that assessed CHD as a primary outcome, including non-fatal and fatal outcomes, 10 studies 
reported a favorable association between adherence to a dietary pattern and CHD risk (Buckland, 20009 [rMed]; 
Chiuve, 2011 [aMed] and 2012 [HEI, AHEI]; Dilis, 2012 [MDS]; Fidanza, 2004 [MAI]; Fung, 2008 [DASH] and 
2009 [aMed]; Knoops, 2004 [MMDS]; Martínez-González, 2011 [MDS]; Menotti, 2012 [MAI]). Similar to the 
above studies that assessed CVD, these studies had large, relatively homogeneous populations of generally healthy 
adults, with long follow-up times. Overall, based on categories of adherence, the decreased risk of CHD ranged from 
29 to 61 percent for increased adherence to a Mediterranean dietary pattern, from 24 to 31 percent for increased 
adherence to a dietary guidelines-related pattern, and from 14 to 27 percent for adherence to DASH. Common 
confounders that were adjusted for across these studies were age, sex, physical activity, BMI, and smoking. Of the 
above studies, one study that compared the HEI-2005 with the AHEI-2010 and adjusted each for respective models, 
found a favorable association between adherence to the AHEI, but not HEI, and risk of CHD with that further 
adjustment (Chiuve, 2012 [HEI, AHEI]). For CHD, the AHEI-2010 was more strongly associated with risk than the 
HEI-2005 (P-difference = 0.002). Three studies reported no association between adherence to a dietary pattern and 
risk of CHD (Fitzgerald, 2012 [DASH]; Folsom, 2007 [DASH]; Osler 2002 [Healthy Food Index]). In studies that 
examined CHD mortality secondary to total mortality, all three studies found a favorable association between 
dietary pattern adherence and CHD mortality, ranging from 33 to 53 percent decreased risk (Kant, 2000 [RFS]; 
Michels and Wolk, 2002 [RFS]; Trichopoulou, 2003 [MDS]).  
 
Sub-analysis–Gender: Several studies examined only women. Five studies found a favorable association between 
dietary pattern and CHD incidence and mortality in women (Chiuve, 2011 [aMed]; Fung, 2008 [DASH]; Fung, 2009 
[aMe]); Kant, 2000 [RFS]; Michels and Wolk, 2002 [RFS]); whereas, two studies found no association in women 
(Fitzgerald, 2012 [DASH]; Folsom, 2007 [DASH]). Two studies examined only men and found a favorable 
association between adherence to a Mediterranean diet and CHD risk in men (Fidanza, 2004 [MAI]; Menotti, 2012 
[MAI]). Three studies assessed men and women together, as well as men and women separately, and found a 
favorable association in all cases between adherence to a dietary pattern and CHD mortality (Buckland, 2011 
[rMED]; Dilis, 2012 [MDS]) or incidence (Chiuve, 2012 [HEI, AHEI]). Taken together, the studies that assessed 
CHD risk in men and women separately did not show gender differences, although two studies that only examined 
women found no association between a DASH dietary pattern and CHD.   
 
Stroke: 
This category included 10 studies that examined stroke in addition to CVD or CHD (above), or stroke alone. In 
addition, three studies measured stroke mortality as a secondary outcome after total mortality. The studies were all 
prospective cohort studies with one exception, an RCT (PREDIMED) that reported endpoint clinical outcomes 
(Estruch, 2013 [Med Diet]). Stroke outcomes often included ischemic and hemorrhagic stroke, in some cases results 
were reported as total stroke, ischemic stroke, and hemorrhagic stroke (table 4-B-I-4). Out of 13 studies that 
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assessed stroke, including non-fatal and fatal outcomes, 10 studies reported a favorable association between 
adherence to a dietary pattern and stroke risk (Agnoli, 2011 [DASH, MDS, Italian MDS, HEI]; Chiuve, 2012 [HEI, 
AHEI]; Estruch, 2013 [Med]; Fung, 2008 [DASH]; Fung, 2009 [aMed]; Hoevenaar-Blom, 2012 [MDS]; Kant, 2000 
[RFS]; Michels and Wolk, 2002 [RFS]; Misirli, 2012 [MDS]; Nakamura, 2009 [Japanese Diet Score]). Similar to 
the above studies that assessed CVD, these studies had large sample sizes with generally healthy adults and long 
follow-up times with relatively homogeneous populations. Overall, the decreased risk of stroke ranged from 13 to 53 
percent for increased adherence to a Mediterranean dietary pattern and from 14 to 60 percent for increased 
adherence to a dietary guidelines-related pattern. One study on the DASH diet showed a 17 percent decreased risk of 
stroke in women with increased adherence to the DASH score of Fung. Common confounders that were adjusted for 
across these studies were age, sex, total energy, physical activity, BMI, and smoking. The one RCT reported that a 
Mediterranean diet (plus olive oil or nuts) decreased risk of stroke in high risk subjects (Estruch, 2013 [Med Diet]). 
Two of the studies found differing results based on a comparison between two or more dietary pattern scores. One 
study found the AHEI-2010 was more predictive of stroke than HEI-2005 (Chiuve, 2012 [HEI, AHEI]). A second 
study compared four different scores and found that two Mediterranean diet scores (MDS and Italian MDS) and the 
DASH score of Fung were predictive of total stroke risk, but HEI-2005 was not (Agnoli, 2011 [DASH, MDS, Italian 
MDS, HEI]). Lastly, one study reported no association between dietary pattern adherence and risk of ischemic 
stroke (Gardener, 2011 [MDS]) and two studies reported no association with stroke death (Folsom, 2007 [DASH]; 
Tognon, 2012 [MMDS]).  
 
Sub-analysis–Gender: Several studies examined only women; four of these found a favorable association between 
dietary pattern and stroke incidence or mortality in women (Fung, 2008 [DASH]; Fung, 2009 [aMed]; Kant, 2000 
[RFS]; Michels and Wolk, 2002 [RFS]), but one study found no association (Folsom, 2007 [DASH]). None of the 
studies examined stroke risk only in men. One study assessed men and women separately and found no association 
between a Mediterranean diet and stroke mortality (Tognon, 2012 [MMDS]). One study assessed men and women 
together, as well as men and women separately, and found a favorable association in all cases between adherence to 
a dietary guidelines-related pattern and stroke incidence (Chiuve, 2012 [HEI, AHEI]). Taken together, these studies 
did not show gender differences relative to risk of stroke.   
 
Myocardial Infarction:  
This category included four of the above studies that also examined fatal and non-fatal MI as an independent 
outcome and one study that measured MI mortality as a secondary outcome after total mortality (table 4-B-I-4). Two 
studies reported a favorable association between adherence to a Mediterranean diet and risk of MI (Gardener, 2011 
[MDS]; Hoevenaar-Blom, 2012 [MDS]). One study reported a favorable association between adherence to a 
Mediterranean diet and risk of MI mortality in women, but not in men (Tognon, 2012 [MMDS]). Two studies found 
no association between a dietary pattern score and risk of MI (Hansen-Krone, 2012 [Smart Diet Score]) or acute MI 
death (Nakamura, 2009 [Japanese Diet Score]).   
 
Heart Failure:  
This category included three studies that measured heart failure as the primary outcome (table 4-B-I-4). In two of 
these studies, heart failure included the ICD categories for heart failure and hypertensive heart failure and these 
studies found a favorable association between adherence to a DASH diet and risk of HF in men and women 
(Levitan, 2009a and 2009b [DASH]). The third study found a favorable association between the AHEI and the 
authors’ own Dietary Modification Index (DMI) and risk of HF in the Women’s Health Initiative study.  
 
Intermediate Outcomes: Hypertension, Blood Pressure, and Blood Lipids 
The intermediate outcomes and CVD risk factors included in this review were HTN, BP (systolic and diastolic), and 
blood lipids including LDL-C, HDL-Cl, the total-C: HDL-C and LDL-C: HDL-C ratios, and triglycerides. Relative 
to the large body of evidence for this question, only a few studies examined intermediate outcomes related to CVD 
risk.   
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Hypertension and Blood Pressure:  
Of the three studies that examined the association between adherence to a dietary pattern and HTN, two studies 
found no association (Folsom, 2007 [DASH]; Núñez-Córdoba, 2009 [MDS]) and one study found different results 
comparing multiple dietary pattern scores. Toledo et al. reported a higher DASH score was associated with 
decreased risk of HTN, but a higher updated, modified MDS (UMMDS) was associated with increased risk of HTN 
(Toledo, 2010 [DASH and UMMDS]). 
 
Three studies that examined BP as a primary outcome found an association between increased DASH scores and 
decreased systolic and diastolic BP (SBP and DBP) over time (Dauchet, 2007 [DASH]; Steffen, 2005 [Food Index]; 
van der Laar, 2012 [aMed]). One of these studies also assessed men and women separately and found a favorable 
association for SBP in men, but not women (Dauchet, 2007 [DASH]). One study also assessed risk of elevated BP 
(EBP) and found an association between increased DASH score and decreased risk of EBP (Steffen, 2005 [Food 
Index]). An early report from a subsample of the PREDIMED trial, with subjects at elevated CVD risk, found the 
Mediterranean diet treatment groups (Med diet + olive oil or + nuts) had improved SBP and DBP measures 
(Estruch, 2006 [Med Diet]). On the other hand, a second RCT that examined men with metabolic syndrome found 
no effect of a diet that matched adherence to the authors’ a priori diet score and changes in SBP and DBP (Jacobs, 
2009 [a priori diet score]).  
 
Three studies examined BP as a component of metabolic syndrome. One study found an association between 
adherence to a dietary pattern and decreased SBP and DBP (Zamora, 2011 [DQI]). But two studies reported no 
association between adherence to a Mediterranean diet and BP (Rumawas, 2009 [MSDPS]; Tortosa, 2007 [MDS]).  
 
Blood Lipids:  
Of the three studies that examined blood lipids as primary outcomes, two of these studies were RCTs with 
populations at elevated risk. An early report from a subsample of the PREDIMED trial, with subjects at elevated 
CVD risk, found the Mediterranean diet treatment groups had favorable changes in blood HDL-C, the total-Cl: 
HLD-C ratio, and triglycerides (Estruch, 2006 ([Med Diet]). On the other hand, the second RCT, that examined men 
with metabolic syndrome, found no effect of a diet treatment that matched adherence to the authors’ a priori diet 
score and changes in LDL-C, HDL-C, or triglycerides, although there was a significant decrease in total cholesterol 
in the diet treatment group (Jacobs, 2009 [a priori diet score]). The third study in this group was a prospective 
cohort study that showed a favorable association between adherence to a Mediterranean diet and total and HDL-C 
(van der Laar, 2012 [aMed]). 
 
Three studies examined blood lipids as components of metabolic syndrome. One study found an association between 
adherence to a dietary pattern and higher HDL-C levels (Zamora, 2011 [DQI]), one study reported adherence to a 
Mediterranean diet was associated with favorable changes in HDL-C and triglycerides (Rumawas, 2009 [MSDPS]), 
and one study found no association between adherence to a Mediterranean diet and blood lipids (Tortosa, 2007 
[MDS]).  
 
 
Themes and Key Findings for Food Components of Scores 

Food Components of Diet Pattern Scores 
Twenty studies assessed the association between individual food components of a dietary pattern score and CVD 
endpoint outcomes (Akbaraly, 2011 [AHEI]; Belin, 2011 [AHEI, DMI]; Buckland, 2009 [rMed]; Camoes, 2010 
[DASH]; Chiuve, 2012; Dauchet, 2007 [DASH]; Estruch, 2006 and 2013 [Med]; Fitzgerald, 2012 [DASH]; Folsom, 
2007 [DASH[; Gardener, 2011 [MDS]; Hansen-Krone, 2012 [Smart Diet Score]; Hoevenaar-Blom, 2012 [MDS]; 
Martínez-González, 2011 [MDS]; McCullough, 2000a and 2000b [HEI-f]; Misirli, 2012 [MDS]; Núñez-Córdoba 
2009 [MDS]; Seymour, 2003 [DQI]; Steffen, 2005 [Food Index]). Eight studies used components from 
Mediterranean diet scores (5 MDS, 1 rMed, 2 Med); four studies used components from DASH diets; six studies 
used components from dietary guidelines-related scores (2 AHEI, 1 AHEI-2010 and HEI-2005, 2 HEI-f, 1 DQI), 
and three studies used components from the authors’ customized diet pattern scores (1 Smart Diet Score, 1 Food 
Index, 1 Diet Modification Index). 
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Fruits, vegetables, and nuts (either individually or in combination as fruits & vegetables or fruits & nuts) were cited 
by nine studies as having a protective association with clinical outcomes, including CVD (Belin, 2011 [AHEI, 
DMI]; Estruch, 2013 [Med]; Fitzgerald, 2012 [DASH]; Martinez-Gonzalez, 2011 [MDS]; McCullough, 2000a 
[HEIf]; and Seymour, 2003 [DQI] only in women); CHD (Buckland, 2009 [rMed]); stroke (Estruch, 2013 [Med]; 
Misirli, 2012 [MDS]); and MI (Hansen-Krone, 2012 [Smart Diet]). One study specified dark-green and orange 
vegetables as having a protective association against CHD (Chiuve, 2012 [HEI, AHEI]). One study reported on nuts 
and soy as having a favorable association with risk of CVD (Akbaraly, 2011 [AHEI]). Four studies reported a 
favorable association between fruits, vegetables, and/or nuts and intermediate outcomes or CVD risk factors, 
including HTN (Camoes, 2010 [DASH]), BP (Dauchet, 2007 [DASH]), Estruch, 2006 [Med], Steffen, 2005 [Food 
Index]) or blood lipids (Estruch, 2006 [Med]). Legumes were reported in two studies as having a favorable 
association with either decreased risk of stroke (Misirli, 2012 [MDS]) or HTN (Núñez-Córdoba, 2009 [MDS]). 
Whole grains were reported in three studies as having a favorable association with CVD (McCullough, 2000a 
[(HEIf]), CHD (Chiuve, 2012 [HEI, AHEI], or BP (Steffen, 2005 [Food Index]). 
 
Several studies reported a favorable association between olive oil (MUFA) or PUFA consumption and risk of CVD 
(Estruch, 2013 [Med]), CHD (Buckland, 2009 [rMed]), stroke (Estruch, 2013 [Med]; Misirli, 2012 [MDS]) or MI 
(Hansen-Krone, 2012 [Smart Diet]). One study reported a favorable association between healthy oils (plant and fish 
oils) and CHD risk in women only (Chiuve, 2012 [HEI, AHEI]). As well, these components were favorably 
associated with improved BP and blood lipids (Estruch, 2006 [Med]). Fish consumption was favorably associated 
with risk of CVD (Gardener, 2011 [MDS], CHD (Buckland, 2009 [rMed]), or MI (Hansen-Krone, 2012 [Smart 
Diet]). The studies that assessed plant oils and fish were predominantly using a Mediterranean diet score, although 
the HEI-2005 included plant and fish oils in their healthy oils component. 
 
Alcohol consumption was reported by seven studies as having a favorable association with risk of CVD (Akbaraly, 
2011 [AHEI]; Belin, 2011 [AHEI]; Gardener, 2011 [MDS]; Hoevenaar-Blom, 2012 [MDS]); CHD (Buckland, 2009 
[rMed]; Chiuve, 2012 [HEI, AHEI]); or HTN (Núñez-Córdoba, 2009 [MDS]). Studies that assessed alcohol used 
components of either a Mediterranean diet score (3 MDS, 1 rMed) or the AHEI. One study that used the HEI-2005 
reported a favorable association between a composite solid fats/alcoholic beverages/added sugars (SoFAAS) 
component, the benefits of which were driven by alcohol intake (Chiuve, 2012 [HEI, AHEI]). 
 
Certain food components were also considered for their unfavorable association with risk of CVD. Meat, including 
red and processed meat, was associated with increased risk of CVD (Belin, 2011 [AHEI]), CHD (Buckland, 2009 
[rMed], CHD only in women (Chiuve, 2012 [HEI, AHEI]), and elevated BP (Steffen, 2005 [Food Index]). Dairy 
consumption, on the other hand, was reported both negatively and positively in different studies. One study reported 
an unfavorable association between total dairy and CHD risk (Buckland, 2009 [rMed]); however, two studies 
reported a favorable association between total dairy and HTN (Folsom, 2007 [DASH] or elevated BP (Steffen, 2005 
[Food Index]). 
 
Components across All Scores and Indices 
Although the dietary pattern scores that were used in this large body of evidence were numerous, those scores 
adherence to which was associated with decreased risk of CVD clinical endpoints were many fewer, and can be 
compared to assess commonalities across them. Scores that were associated with decreased risk of CVD, CHD, 
stroke, MI, and HF were selected to examine commonalities in components across scores related to clinically 
significant outcomes, rather than intermediate markers (table 4-B-I-1 Comparison of Dietary Components across 
Diet Pattern Scores). The scores include the MDS (18 associated outcomes), aMed (5 associated outcomes), AHEI 
(7 associated outcomes, 3 AHEI 2010), RFS (6 associated outcomes), HEI-2005 (3 associated outcomes), and 
DASH (6 associated outcomes). Regarding a DASH score, the score developed by Fung (2008) was associated with 
CVD endpoints in all six studies; by comparison, the DASH score of Folsom was not significantly associated with 
CVD, CHD, stroke death, or HTN (Folsom, 2007) or heart failure (Levitan, 2009a). Overall, the above scores were 
the most commonly applied scores associated with a protective outcome for CVD risk in healthy adults. This 
relatively small number of dietary pattern scores, that are also uncomplicated versions, had similarities in that food 
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groups were aligned and described in similar ways, although they were scored differently. Many of these scores 
have been tested in the same cohort with similar results.  
 
Two of the scores assessed adherence to a Mediterranean style diet (MDS, aMed). Although these were a priori, 
hypothesis-driven scores, they were also population-based in that dichotomous points (0, 1) were assigned to 
individuals who were above or below the population median. The aMed score was based on the original MDS of 
Trichopolou and modified by excluding potatoes from the vegetable group, separating fruit and nuts into two 
groups, eliminating the dairy group, including whole-grain products only, including only red and processed meats 
for the meat group, and assigning alcohol intake of 5-15 g/d for 1 point (Fung et al., 2005). The Healthy Eating 
Index (HEI) was developed to measure compliance with U.S. dietary guidance, initially using the 1995 Dietary 
Guidelines for Americans (DGAs) and updated for 2005 (and currently 2010, but not utilized in studies reported in 
this review). In this body of evidence, the updated HEI-2005 was used to assess CVD outcomes, as well as to 
compare predictive utility with an alternative version, the Alternative HEI (AHEI) (Chiuve, 2012). Additionally, a 
variation on the original HEI was used by McCullough to assess CVD risk in men and women separately 
(McCullough, 2000a and 2000b). In the studies included here, the HEI and AHEI scores (including updated HEI-
2005 and AHEI-2010) were based on dietary guidance with individuals ranked across a gradient of high to low 
scores, based on recommended intakes, independent of the population. The AHEI-2010 introduced detailed changes 
from the original, including the recommendation of ~5 or 6 servings per day of 100% whole-grain products for 
women and men, respectively, and including long chain n-3 fats (EPA and DHA) as well as PUFA intake as percent 
energy as positive components. The DASH score developed by Fung reflected adherence to a DASH-style diet and 
was operationalized based on quintiles of intake of food group and nutrient components, rather than absolute intake. 
The Recommended Food Score (RFS) of Kant (2000) was based on consumption of dietary guidelines-
recommended foods assessed by summing individual food items derived from the FFQ tool used in the respective 
study, with a summary score that added the food items consumed at least once per week. The total RFS scores 
varied from study to study, as the number of FFQ items varied, although the most commonly used RFS version was 
the 23-item version of Kant (2000). Overall, although the Mediterranean, HEI and AHEI, DASH, and RFS score 
methods differed, they were all employed to address, and successfully predicted, the association between an a priori 
defined dietary pattern and CVD risk, at the level of endpoint outcomes. It is interesting to note that the AHEI and 
updated AHE-2010, the aMed score, and the DASH-Fung score have all been tested in women in the Nurses’ Health 
study and were favorably associated with CVD, CHD, and/or stroke risk. Related to this, when the HEI-2005 and 
AHEI-2010 were compared in both the Nurses’ Health Study and the Health Professionals Follow-Up Study, and 
risk was adjusted for the other respective model, the HEI-2005 lost significance in association with CVD, CHD, and 
stroke risk, whereas the AHEI-2010 did not (Chiuve, 2012). 
 
Taken together, the positive components of the scores that were associated with decreased CVD risk were fruits and 
nuts, vegetables, whole grains, legumes, unsaturated fats, and fish. Alcohol was commonly included as a positive 
component when consumed in moderation in all of the scores except for HEI, RFS, and DASH. Meat (red and 
processed meat) was a negative component in the Mediterranean scores, AHEI scores, and DASH, although the 
original AHEI emphasized a white/red meat ratio where the white meat included poultry and fish. The RFS of Kant 
included chicken or turkey as positive components in their food item-based score. There was variation in the method 
by which dairy was assessed. Total dairy (high fat) was a negative component in the MDS, was omitted from the 
aMed, but was a positive component when meeting recommended intakes for the HEI-2005 or as low-fat dairy in the 
RFS and DASH-Fung scores. Certain scores also included sugars (HEI-2005 included sugar in a combined category 
of solid fats, alcoholic beverages and added sugars [SoFAAS]) or sugar-sweetened beverages (AHEI-2010 included 
sugar sweetened beverages and fruit juice), as well as trans fats, and sodium as negative components.  
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Table 4-B-I-1  Comparison of Dietary Components across Diet Pattern Scores 

Components 
Med Diet Score 

(MDS) 
Trichopolou et al. 2003 

EPIC-Greece 

Alternate Med Diet Score 
(aMed) 

Fung et al. 2009 
Nurses’ Health Study 

Alternate HEI (AHEI) 
McCullough et al. 2002 

Health Professionals Follow-up Study &  
Nurses’ Health Study 

Alternative HEI (AHEI)-2010 
Chiuve et al. 2012 

Health Professionals Follow-up Study 
&  Nurses’ Health Study 

Healthy Eating Index 
(HEI)-2005 

Guenther et al. 2008 
2005 DGAs 

Recommended Food Score (RFS) 
Kant et al. 2000 

Breast Cancer Detection & Demonstration 
Project 

DASH Score 
Fung et al. 2008 

Nurses’ Health Study 
 Total Score 

0 - 9 
Total Score 

0 - 9 
Total Score 
2.5 - 87.5 

Total Score 
0 - 110 

Total Score 
0 - 100 

Total Score 
0 - 23* 

Total Score 
8 - 40 

Vegetables 
Vegetables** 
≥Median = 1 
<Median = 0 

Vegetables  
(not potatoes) 
≥Median = 1 
<Median = 0 

Vegetables  
(not potatoes and french fries) 

0 -10 
5 serv/d = 10 

Vegetables 
(not potatoes and french 

fries) 
0 - 10 

≥5 serv/d = 10 

Total vegetables  
0 - 5 

Dark green/orange/ legumes†  
0 - 5 

Tomatoes; broccoli; spinach; 
mustard, turnip, collard greens; 
carrots or mixed vegetables w/ 

carrots; green salad; sweet 
potatoes, yams; other potatoes 

Vegetables  
(not potatoes and legumes)  

1 - 5 
Lowest to Highest quintile 

Legumes 
Legumes 

≥Median = 1 
<Median = 0 

Legumes 
≥Median = 1 
<Median = 0 

 
Nuts & Legumes 

0 - 10 
≥1 serv/d = 10 

Dark green/orange/legumes†  
0 - 5 Dried beans 

Nuts & Legumes 
1 - 5 

Lowest to Highest quintile 

Fruits and/or 
Nuts 

 

Fruits & Nuts 
≥Median = 1 
<Median = 0 

Fruits 
≥Median = 1 
<Median = 0 

Fruits 
0 - 10 

4 serv/d = 10  

Fruits 
0 - 10 

≥4 serv/d = 10 
Total fruit‡  

0 - 5 
Whole fruits‡‡  

0 - 5 

Apples or pears; oranges; 
cantaloupe; orange or grapefruit 
juice; grapefruit; other fruit juices 

Fruits and fruit juices  
1 - 5 

Lowest to Highest quintile 
Nuts 

≥Median = 1 
<Median = 0 

Nuts & Soy Protein 
0 - 10 

1 serv/d = 10 

Nuts & Legumes 
0 - 10 

≥1 serv/d = 10 

Nuts & Legumes 
1 - 5 

Lowest to Highest quintile 

Cereals and/or 
Whole Grains 

Cereals 
≥Median = 1 
<Median = 0 

Whole grains 
≥Median = 1 
<Median = 0 

Cereal Fiber  
0 - 10 

15g/d = 10 

Whole Grains 
0 - 10 

75g/d  ♀ = 10 
90g/d ♂  = 10 

Total grains 0 - 5 
Whole grains 0 - 5 

Dark breads (wh wheat, rye, 
pumpernickel); cornbread, tortillas 
& grits; high-fiber cereals; cooked 

cereals 

Whole Grains 
1 - 5 

Lowest to Highest quintile 

Fish or Fresh 
Fish 

 
Fish 

≥Median = 1 
<Median = 0 

 

Fish 
≥Median = 1 
<Median = 0 

 

 

 Baked or broiled fish  

Fat 
MUFA/SFA 
≥Median = 1 
<Median = 0 

MUFA/SFA 
≥Median = 1 
<Median = 0 

PUFA/SFA  
0 - 10 

≤0.1 to ≥1.0 

Long-chain fats (EPA + DHA) 
0 - 10 

0 - 250 mg/d 

SFA  
0 - 10 

≥15% - ≤7% E 

 

 
PUFA % energy 

≤2 to ≥10 

Healthy oils†† 
0 - 10 

0 - 12 g/d 

 

Alcohol 
5 - 25 ♀ 

10 – 50 ♂ 
g/d = 1 

5 -15 g/d = 1 
0.5 - 1.5 ♀ 
1.5 - 2.5 ♂ 

Drinks/d = 10 

0.5 - 1.5 ♀ 
0.5 - 2.0 ♂ 

Drinks/d = 10 

Solid fats, alcoholic beverages & 
added sugars 

0 - 20 
≥50% - ≤20% E 

  

Total Meat 
 

 
Meat & Meat 

Products  
≥Median = 0 
<Median = 1 

 

 
Red & Processed Meat  

≥Median = 0 
<Median = 1 

 

White/Red Meat Ratio 
0 - 10, 4 = 10 

White meat = poultry & fish  
Red meat = beef, pork, lamb & 

processed meats 

Red & Processed Meat 
0 – 10 

≥1.5 – 0 serv/d 

Meat & Beans  
0 - 10 Baked or stewed chicken or turkey 

 
Red &Processed Meat  

1 - 5 
Highest to Lowest quintile 

 

Dairy Products 
Dairy Products 
≥Median = 0 
<Median = 1 

  
 Milk, yogurt, cheese, & soy 

beverages 
0 - 10 

2% milk and beverages w/ 2% milk; 
1% or skim milk 

Low-fat dairy  
1 - 5 

Lowest to Highest quintile 
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*Total score = sum of 23 items (1 pt/item) consumed ≥1X/wk. 
‡Includes 100% juice. 
‡‡Includes all forms except juice. 
†Includes legumes only after meat & beans standard is met. 
††Includes non-hydrogenated vegetables oils and oils in fish, nuts and seeds. 

 
(+) Positive components 
 (−) Negative components 
(+m) Positive in moderation 
Listed 2X for respective food groups  

 
** Food components that were associated with either favorable or unfavorable CVD outcomes in studies with favorable associations between total score and CVD endpoint outcomes. 
Several of the studies that utilized scores that successfully predicted CVD outcomes also assessed food group components. Given the scores that are highlighted in table 1, component analysis was done for the MDS, HEI-2005, AHEI, AHEI-2010, 
and DASH-Fung.  
MDS: For MDS, in the SUN cohort, Martinez-Gonzalez found that only the fruits & nuts group was favorably associated with incidence of CVD (Martinez-Gonzalez, 2011 [MDS]). However, when the MDS was tested in the EPIC-Netherlands cohort, 
the association of the MDS with CVD and MI was attenuated most when alcohol was excluded from the score, and alcohol was operationalized differently from the original MDS in that alcohol intake was dichotomized into users and non-users (1 
point for ≥1 drink/month and 0 for <1 drink/month) (Hoevenaar-Blom, 2012 [MDS]). In one study that examined cerebrovascular disease, the food groups that had an inverse association were vegetables, legumes, and monounsaturated fats in the 
EPIC-Greece cohort (Misirli, 2012 [MDS]).  
HEI-2005: For the HEI-2005, dark-green and orange vegetables, whole grains, and energy from solid fat, alcohol, and added sugar were significantly associated with lower risk of CHD (Chiuve, 2012 [HEI, AHEI]). The inverse association for the solid 
fat, alcohol, and added sugar component was driven by alcohol intake. Vegetable oils were associated with risk of CHD among women only.  
AHEI: For AHEI, in individual AHEI component analyses, fruits, the white/red meat ratio, trans fat, multivitamin use, and alcohol consumption were each associated with decreased CVD risk (Belin, 2011 [AHEI, DMI]). 
AHEI-2010: For the AHEI- 2010, whole grains and alcoholic beverages were inversely associated, and red and processed meats were positively associated with risk of CHD (Chiuve, 2012 [HEI, AHEI]). 
DASH: For the DASH-Fung score, comparing highest to lowest quintiles of score, the fruit component was associated with decreased risk of CVD (Fitzgerald, 2011 [DASH]). 

Table 4-B-I-1  Comparison of Dietary Components across Diet Pattern Scores―continued 

Components 
Med Diet Score 

(MDS) 
Trichopolou et a.l 2003 

EPIC-Greece 

Alternate Med Diet Score 
(aMed) 

Fung et al. 2009 
Nurses’ Health Study 

Alternate HEI (AHEI) 
McCullough et al. 2002 

Health Professionals Follow-up Study &  
Nurses’ Health Study 

Alternative HEI (AHEI)-2010 
Chiuve et al. 2012 

Health Professionals Follow-up Study 
&  Nurses’ Health Study 

Healthy Eating Index 
(HEI)-2005 

Guenther et al. 2008 
2005 DGAs 

Recommended Food Score (RFS) 
Kant et al. 2000 

Breast Cancer Detection & Demonstration 
Project 

DASH Score 
Fung et al. 2008 

Nurses’ Health Study 

 Total Score 
0 – 9 

Total Score 
0 – 9 

Total Score 
2.5 – 87.5 

Total Score 
0 – 110 

Total Score 
0 – 100 

Total Score 
0 – 23* 

Total Score 
8 – 40 

Sweets or Sugar 
Products    

Sugar Sweetened Beverages 
& Fruit Juice 0 - 10 

≥1 - 0 serv/d 

Solid fats, alcoholic beverages & 
added sugars 

0 - 20 
≥50% - ≤20% E 

 Sweetened beverages  
1 - 5 

Highest to Lowest quintile 

Sodium    
0 - 10 

Highest to Lowest decile, 
mg/d 

0 - 10 
Highest – Lowest decile, mg 

 1 - 5 
Highest to Lowest quintile 

Trans fat   % energy 0 - 10 
≥4 to ≤0.5 

% energy 0 - 10 
≥4 to ≤0.5 

  
 

Multivitamin use   2.5 (non-use) 
7.5 (use) 

   
 

# Associations 
with CVD 
endpoints 

18 associated 
outcomes 5 associated outcomes 4 associated outcomes 3 associated outcomes 3 associated outcomes 3 associated outcomes 6 associated outcomes 
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Qualitative Assessment of the Collected Evidence  

Quality and Quantity 
Quality assessment for the studies included in this systematic review involved determining the validity of each 
study. Validity was assessed by examining the scientific soundness of study design and execution to avoid potential 
bias in the findings related to outcomes; this included selection, performance, attrition, detection, and reporting bias. 
For this body of evidence, the preponderance of the evidence consisted of positive quality studies (45 out of 55 
studies), indicating a low risk of bias overall. This was a relatively large body of evidence with studies that directly 
addressed the question. The majority of these studies were prospective cohort studies with large numbers of 
participants in nationally recognized cohorts.  
 
Consistency 
• CVD Incidence and Mortality: The evidence of a protective association between a dietary pattern score and 

risk of CVD was consistent in the majority of studies that used either a Mediterranean diet score or dietary 
guidelines index in healthy adult populations. The body of evidence for CVD endpoint clinical outcomes was 
relatively large (29 studies), with many fewer studies on intermediate outcomes. Typically, studies that 
measured CVD as a primary outcome did not include all diseases of the circulatory system (i.e., studies did not 
include the entire spectrum of ICD disorders for this category). Total CVD most commonly included CHD and 
stroke, both fatal and nonfatal events. These studies were consistent in finding a decreased risk of CVD 
associated with adherence to either a Mediterranean diet or dietary guidelines-related pattern. Out of 17 studies, 
15 studies reported a favorable association. This included studies in the United States (9 studies), Spain (2 
studies), France, the Netherlands, Greece, Japan, and the 11 European countries of the HALE study. All of these 
studies measured a composite fatal and non-fatal CVD, with the exception of two studies that assessed CVD 
mortality alone. The one RCT reported that a Mediterranean diet decreased risk of CVD in high risk subjects, 
and the trial (PREDIMED) was stopped early for meeting benefit requirements. This category also included 
studies with the primary objective of assessing total mortality, but that also assessed cause-specific mortality 
including CVD. These studies commonly assessed CVD as a larger composite category than the above studies, 
most often described as “diseases of the circulatory system” and including the complete spectrum, or a large 
spectrum, of ICD disorders for the category. These studies were less consistent, and this may relate to the larger 
number of cardiovascular diseases included in the CVD outcome. Out of twelve studies, five reported a 
favorable association, four reported different risk outcomes based on gender, and three found no association. 

• CHD Incidence and Mortality: The evidence of a protective association between a dietary pattern score and 
risk of CHD was consistent in the majority of studies in healthy adult populations. Most of the studies assessed 
adherence to a Mediterranean diet, with fewer studies that assessed dietary guidelines-related or DASH scores. 
The body of evidence for CHD endpoint clinical outcomes was also relatively large. Out of 16 studies that 
assessed CHD, including nonfatal and fatal outcomes, nine studies reported a favorable association between 
adherence to a dietary pattern and CHD risk, one study found a favorable association between adherence to the 
AHEI, but not HEI, and three studies reported no association. In studies that examined CHD mortality 
secondary to total mortality, all three studies found a favorable association between dietary pattern adherence 
and CHD mortality. Similar to the studies on CVD, the prospective cohort studies were conducted in the United 
States and several European countries with large, well-characterized cohorts. 

• Stroke: The evidence of a protective association between a dietary pattern score and risk of stroke was 
consistent in the majority of studies in healthy adult populations. Out of 13 studies that assessed stroke, 
including nonfatal and fatal outcomes, 10 studies reported a favorable association. This included one RCT, the 
above-mentioned PREDIMED trial. Two studies that compared different dietary pattern scores found a 
favorable association between one or more scores and stroke risk and one study reported no association. 

• Myocardial Infarction: The evidence of a protective association between a dietary pattern score and risk of MI 
was inconsistent and included fewer studies than the above health outcomes. Out of six studies, two studies 
reported a favorable association between dietary pattern and MI risk, one study reported different risk outcomes 
based on gender, two studies found no association, and one study found a favorable association with one score, 
but an unfavorable association with a second score.   
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• Heart Failure: The three studies that examined heart failure were consistent in showing a favorable association 
between adherence to a dietary pattern and risk of heart failure; two of these studies included the ICD categories 
for heart failure and hypertensive heart failure. 

 
Impact 
This body of evidence directly addressed the exposures and health outcomes of interest for this systematic review, 
with a large number of studies measuring endpoint clinical outcomes. Overall, several large prospective cohort 
studies found a decreased risk of CVD, CHD, stroke, or heart failure associated with adherence to a Mediterranean 
diet or dietary guidelines score. Although not clinical trials, these cohort studies reported results that are applicable 
in free-living populations. For example, a recent study from the Nurses’ Health and Health Professionals Follow-up 
cohorts reported that a change from lowest to highest AHEI adherence reduced risk of CVD, CHD, and stroke by 
20, 31, and 14 percent, respectively, over 24 years (Chuive, 2012 (HEI, AHEI)). It is notable that in this study 
dietary intake was assessed at regular intervals over the long follow-up period. Additionally, although there were 
only a few clinical trials in this body of evidence, the PREDIMED study reported that a Mediterranean diet (plus 
olive oil or nuts) decreased risk of clinical endpoint outcomes, CVD and stroke, in high risk subjects and, as already 
indicated, this trial was stopped early for meeting benefit requirements. 
 
Generalizability/External Validity   
Studies were conducted in the United States, Europe, Japan, and Australia and included many large, well-
characterized cohorts. Nineteen studies were conducted in the United States and the remaining studies were 
conducted mainly in Europe, with Spain, Sweden, and Greece heavily represented. In addition, two studies were 
conducted in Japan and one in Australia. Taken together, the prospective cohort studies were primary prevention 
studies of general populations and most studies were conducted with healthy adults. Subgroup analysis was 
conducted in many studies on men and women; however, there were no consistent differences between men and 
women in the association between dietary pattern and CVD outcomes. There were only a few studies that 
specifically identified and analyzed race/ethnic subgroups of their cohorts and none reported differences based on 
race or ethnicity. Overall, therefore, there is a relatively large body of evidence on adherence to dietary patterns in 
the United States and European populations of healthy adults. This is primarily among Caucasian populations, 
however, with little additional analysis of racial or ethnic subpopulations. Given the robust evidence involving U.S. 
cohorts and endpoint clinical outcomes, the generalizability to the U.S. population, and relevance of this body of 
evidence to U.S. policy on dietary patterns and risk of CVD, is compelling.  
 
Limitations of the Evidence 
Common limitations of studies on dietary patterns using a priori scores involve the use of different scores, 
differences between scores that are based on median population intakes versus indices that are based on 
recommended intakes, scores that use similar weights for each component assuming equivalent effects on health, the 
use of different confounding factors (or lack of sufficient adjustment), and problems associated with use of different 
FFQs and validation related to other methods of diet assessment. It should be said, however, that in this relatively 
large body of evidence, a limited number of scores were used, oftentimes less complicated versions of these scores, 
and in a number of cases the different scores were tested in the same cohorts. Overall, this makes the comparison of 
food components across these scores feasible. Additionally, a very common limitation in many prospective cohort 
studies is that dietary intake is based on a single dietary assessment at baseline, with no follow-up assessment of 
dietary intake over the period of the study. However, this body of evidence had notable exceptions including Chiuve 
(2010 [aMed/NHS] and 2011 [HEI, AHEI/NHS, HPFS]), and Fung (2008 [DASH/NHS] and 2009 [aMed/NHS]) 
that measured dietary intakes at regular intervals across the period of follow-up of the respective studies. Therefore, 
these studies did take into account the fact that diets change over time due to trends in the food supply, as well as the 
fact that population-level and individual-level food choices change over time.  
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Research Recommendations 
The studies covered in this systematic review provide results that improve some of the problems involved in dietary 
patterns research. For example, the need for consensus on a single score or index that is applicable across 
populations is less problematic in this body of evidence than for some other outcomes, as a relatively small number 
of uncomplicated scores have been used to successfully predict CVD risk in large U.S. and European populations. 
Further quantitative analysis/comparisons of these scores and their respective components by meta-analysis would 
be particularly useful. Although a large number of the studies assessed food group components and their association 
with CVD outcomes, many did not, and more precise determination of the benefits and risks of individual 
components (e.g., alcohol) would be helpful for policy recommendations. In addition, component analysis could be 
improved by determining interaction terms across components that would be needed to maintain a dietary patterns 
approach. Methodologically, research in this area could be improved by measuring dietary intake at regular intervals 
over the course of a prospective study, rather than just at baseline (although a few of the large cohort studies in this 
body of evidence did this). Determining the best approach to weighing and scoring individual food components 
would also improve the rigor in application of scores to assess dietary pattern adherence. Additionally, studies in this 
body of evidence that assessed gender differences in the relationship between adherence to a dietary pattern and 
CVD risk found inconsistent results. Further research is needed to clarify this. There were also very few studies that 
identified racial/ethnic subgroups within their cohorts and analyzed these groups separately related to CVD risk and 
this warrants additional research. Assessment of dietary patterns at earlier and later stages of the life cycle is also 
recommended. Lastly, behavioral issues related to timing, frequency, and size of meals need further consideration. 
 
 
Abbreviations  
Scores & Indices: Dietary Approaches to Stop Hypertension (DASH); Diet Quality Index (DQI); DQI-Swedish 
Nutrition Recommendations (DQI-SNR); Healthy Eating Index (HEI); Alternate Healthy Eating Index (AHEI); 
Mediterranean Diet Score (MDS); Alternate Mediterranean Diet Score (aMed); Mediterranean Adequacy Index 
(MAI); Mediterranean Style Diet Pattern Score (MSDPS); Relative Mediterranean Diet Score (rMED); modified 
MDS (MMDS); Programme National Nutrition Santé Guideline Score (PNNS-GS); Recommended Food Score 
(RFS)  
Cohorts: Coronary Artery Risk Development in Young Adults (CARDIA); European Prospective Investigation into 
Cancer and Nutrition (EPIC); Framingham Offspring and Spouse (FOS); Health Professionals Follow-Up Study 
(HPFS); Healthy Ageing: a Longitudinal study in Europe (HALE); Multi-Ethnic Study of Atherosclerosis (MESA); 
Nurses’ Health Study (NHS); Prevencion con Dieta Mediterranea (PREDIMED); Seguimiento Universidad de 
Navarra (SUN); SUpplementation en VItamines et Minereaux AntioXydants (SU.VI.MAX); Women’s Health 
Initiative (WHI) 
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Table 4-B-I-2. Overview Table: Cardiovascular Disease 

Author, Year 
Study Design 

 

Sample Size 
Location 
Duration 
Dietary 

Assessment 

Population 
Age/Gender 

Cohort 
Exposure 

Index/Score Outcomes Measured Health Outcome 

Cardiovascular Disease 
1. Akbaraly et al., 2011 

 
Prospective Cohort 

N = 7,319 
 
U.K. 
18 y 
 
FFQ (127 item) 
 
 

39–63 y 
Mean = 49.5 y 
 
30% Women 
 
Whitehall II Study 
 
Whites, South Asians, and 
Blacks 

AHEI 
Total Score 2.5 - 87.5 

All-cause and CVD 
mortality  

CVD mortality, comparing highest to lowest 
tertile of AHEI scores:  
HR = 0.58 (95% CI = 0.37 - 0.91) 
 

2. Belin et al., 2011  
 
Prospective Cohort 

N = 79,752 (CVD)                                 
N = 83,183 (HF) 
 
U.S. 
10 y 
 
FFQ (WHI) 

50–79 y  
 
Women, Postmenopausal 
 
Women’s Health Initiative 
(WHI) 
 

AHEI 
Total Score 2.5 - 87.5 
 
Dietary Modification Index 
(DMI)  
Total Score 6 - 30 

Composite CVD (nonfatal 
MI, CHD death, coronary 
artery bypass graft/ 
coronary angioplasty, 
stroke, and HF) and HF 
alone 

Comparing  highest to lowest quintiles: 
 
CVD: 
DMI: HR = 0.88 (95% CI = 0.80 - 0.95,  
P for trend <0.001)  
AHEI: HR = 0.77 (95% CI = 0.70 - 0.84,  
P for trend <0.001)   

3. Buckland et al., 2011 
 
Prospective Cohort 

N = 40,622 
 
Spain 
13.4 y 
 
Dietary history 
questionnaire, 
validated  

29–69 y 
 
62% Women 
 
EPIC-Spain 

rMED                                    
Total Score 0 - 18 

All-cause and CVD 
mortality  
 

Comparing highest to lowest rMED scores 
(high, med, low): 
CVD mortality: HR = 0.66 (95% CI = 0.49 - 
0.89, P for trend = 0.006)  
CVD mortality for men: HR = 0.76 (95% CI 
= 0.63 - 0.90, P for trend = 0.002)  
CVD mortality for women: HR = 0.85 (95% 
CI = 0.68 - 1.06, P for trend = 0.152, NS)  
P for interaction (Men, Women) = 0.512 

4. Chiuve et al., 2012 
 
Prospective Cohort 

N = 112,488  

U.S. 
24 y 
 
FFQ (131-item) 
validated 

 

♀ 30–55 y  
♂ 40–75 y  
  
64% Women 
 
Nurses' Health Study (NHS) 
and Health Professionals 
Follow-Up Study (HPFS) 

HEI - 2005    
Total Score 0 - 100  
 
AHEI - 2010   
Total Score 0 - 110 

CVD (CHD, stroke, or 
angina) 

Comparing highest to lowest quintile of HEI-
2005 and AHEI-2010 scores for each 
outcome (each adjusted for the other 
score):   
 
CVD:  
HEI-2005: RR = 0.91 (95% CI = 0.80 - 1.04; 
P for trend = 0.17, NS) 
AHEI-2010:  RR = 0.80 (95% CI = 0.74 - 
0.86; P for trend <0.001) 
P for similar effects of diet scores = 0.06, 
NS.   

5. Drake et al., 2012 
 
Prospective Cohort 

N = 17,126 
 
Sweden 
14.2 y 
 
FFQ (168-item) 

44–73 y 
 
61% Women 
 
Malmö Diet and Cancer 
(MDC)  

DQI - Swedish Nutrition 
Recommendations  
(DQI- SNR)   
Model 2: 0 - 6 
(population median)  

All-cause and CVD 
mortality 

Comparing highest to lowest DQI-SNR 
(high, med, low): 
CVD mortality in men:   
Model 1: HR = 0.59 (95% CI = 0.44 - 0.81, 
P for trend <0.0001)  
Model 2: HR = 0.85 (95% CI = 0.62 - 1.17, 
P for trend = 0.077, NS) 
 
CVD mortality in women:  
Model 1: HR = 1.07 (95% CI = 0.75 - 1.53, 
P for trend = 0.522, NS)  
Model 2: HR = 1.06 (95% CI = 0.70 - 1.60, 
P for trend = 0.635, NS) 
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Table 4-B-I-2. Overview Table: Cardiovascular Disease―continued 

Author, Year 
Study Design 

 

Sample Size 
Location 
Duration 
Dietary 

Assessment 

Population 
Age/Gender 

Cohort 
Exposure 

Index/Score Outcomes Measured Health Outcome 

6. Estruch et al., 2013 
 
RCT 
 

Initial N = 7,447                 
Final N = 6,924 
Intent to treat analysis  
 
Spain 
4.8 y 
 
FFQ (137-item) 
validated 

55–80 y 
 
High CVD risk 
 
57% Women 
 
Prevencion con Dieta 
Mediterranea 
(PREDIMED) Trial 

Med diet + olive oil (OO) 
 (N = 2,543) or Med diet  
+ nuts (N = 2,454) vs  
control, low-fat diet  
(N = 2,450)  
 
 

Major cardiovascular events 
(MI, stroke, or death from 
cardio-vascular causes) 

CVD 
Med + OO vs control: HR = 0.70 (95% CI = 
0.54 - 0.92, P = 0.01)  
Med + nuts vs control: HR = 0.72 (95% CI = 
0.54 - 0.96, P = 0.03) 
Med diets combined vs control: HR = 0.71 
(95% CI = 0.56 - 0.90, P for trend <0.005)  
  
For both Med diet groups, adherence to 
Med Diet scores were higher than the 
control group (P <0.0001 for all yearly 
comparisons of follow-up) 

7. Fitzgerald et al., 
2012 
 
Prospective Cohort 

N = 34,827 
 
U.S. 
14.6 y 
 
FFQ (133-item, Willett) 

Mean Age=55 y  
 
Women 
 
Women’s Health Study 

DASH score  
Total Score 8 - 40 

CVD (fatal and non-fatal MI 
and stroke and cardio-
vascular death).   
CHD (non-fatal MI and CHD 
death).  

CVD, comparing highest to lowest quintile of 
DASH scores: HR = 0.88 (95% CI = 0.72 - 
1.07; P for trend = 0.04) 
 
 

8. Folsom et al., 2007 
 
Prospective Cohort 

N = 20,993 
 
U.S. 
16 y 
 
FFQ (127-item) 
validated 

55–69 y 
 
Women 
 
Iowa Women’s Health 
Study (IWHS) 

DASH Score                   
Total Score 0 - 11 

CVD, CHD, and stroke 
mortality 

CVD mortality, comparing highest to lowest 
quintile of DASH scores: HR =0.93 (95% CI 
= 0.76 - 1.12; P for trend = 0.85, NS) 
 

9. Fung et al., 2009  
 
Prospective Cohort 

N = 74,886  
 
U.S. 
20 y 
 
FFQ (116-item) 
validated (assessed 
6X) 

38–63 y  
 
Women 
 
NHS 
 
 
 

aMed                    
 Total Score 0 - 9 

CVD, CHD, and stroke Comparing highest to lowest quintile of 
aMed scores:  
 
CVD (CHD + stroke): RR = 0.78 (P for trend 
< 0.0001) 
 
CVD mortality: RR = 0.61 (95% CI = 0.49 - 
0.76; P for trend < 0.0001) 

10. Gardener et al., 
2011 
 
Prospective Cohort 

N = 2568 
 
U.S. 
9 y 
 
FFQ (Block NCI), 
validated  

Mean Age: 69±10 y 
 
64% Women 
 
Northern Manhattan Study 
(NOMAS) 

MDS  
(as MeDi)                                
Total Score 0 - 9 

Combined Ischemic stroke, 
MI, and vascular death and 
vascular death alone  
 
 

Comparing highest to lowest quintile of MDS 
scores: 
 
Combined ischemic stroke, MI and 
vascular death: HR = 0.75 (95% CI = 0.56 - 
0.99; P for trend = 0.04)  
 
Vascular death: HR = 0.67 (95% CI = 0.46 
- 0.98; P for trend = 0.02)   

11. Hoevenaar-Blom et 
al., 2012 
 
Prospective Cohort 

N = 34,708 
 
The Netherlands 
11.8 y 
 
FFQ (178-item) 

20–65 y MORGEN 
50–70 y PROSPECT 
 
75% Women 
 
EPIC-NL 

MDS  
Total Score 0 - 9 

Fatal CVD, total CVD, 
composite CVD, stroke, and 
MI 

Per 2 unit increment in MDS:  
 
Fatal CVD: HR = 0.78 (95%CI = 0.69 - 0.88)   
 
Total CVD: HR = 0.95 (95%CI = 0.91 - 0.98)  
 
Composite CVD: HR = 0.85 (95%CI = 0.80 
- 0.91)  

12. Kaluza et al., 2009 
 
Prospective Cohort 

N = 40,837 
 
Sweden 
7.7 y 
 
FFQ (96-item) 

45–79 y 
 
Men 
 
Cohort of Swedish Men 
(COSM) 

RFS 
[expanded from original 
RFS]  
Total Score 0 - 36   
 
Non-RFS  
Total Score 0 - 16 

All-cause and CVD 
mortality 

CVD mortality, comparing highest to lowest 
RFS (high, med, low): HR = 0.71 (95% CI = 
0.54 - 0.93, P for trend = 0.003)  
 
CVD mortality, comparing highest to lowest 
non-RFS (high, med, low): HR = 1.27 (95% 
CI = 1.05 - 1.54, P for trend = 0.07) 
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Table 4-B-I-2. Overview Table: Cardiovascular Disease―continued 

Author, Year 
Study Design 

 

Sample Size 
Location 
Duration 
Dietary 

Assessment 

Population 
Age/Gender 

Cohort 
Exposure 

Index/Score Outcomes Measured Health Outcome 

13. Kesse-Guyot et al., 
2011 
 
Prospective Cohort 
 

N = 5,823 
 
France 
11.6 y 
 
24-h record every 2 
mos  

Mean Age:  
♀ 47.0±6.5 y  
♂ 51.9±4.7 y   
 
58% Women 
 
SU.VI.MAX study 

PNNS-GS                                                            
Total Score 0 - 15 

CVD CVD, comparing highest to lowest quartile 
of PNNS-GS: HR = 0.65 (95% CI = 0.42 - 
1.00, P for trend = 0.04) 

14. Knoops et al., 2004 
 
Prospective Cohort 

N = 2,339 
 
11 European countries 
10 y 
 
Diet histories, 
validated 

70–90 y 
 
35% Women 
 
Healthy Ageing: a 
Longitudinal study in 
Europe (HALE) 

MMDS  
Total Score 0 - 8 
(w/out alcohol) 

CVD and CHD mortality Comparing the low risk group (MMDS = 4 or 
above) to the high risk group:  
 
CVD: HR = 0.71 (95% CI = 0.58 - 0.88)  
 
 

15. Martínez-González 
et al., 2011   
 
Prospective Cohort 

N = 13,609 
 
Spain 
5 y 
 
FFQ (96-item) 
validated  

Mean Age: 38 y 
 
56–61% Women 
 
Seguimiento Universidad de 
Navarra (SUN)  

MDS  
Total Score 0 - 9                                            
 
 

CVD and CHD Comparing highest to lowest MDS scores:  
CVD: HR = 0.41 (95% CI = 0.18 - 0.95,  
P for trend = 0.07)  
 
Per 2-point increase in MDS score:  
CVD: HR = 0.80 (95% CI = 0.62 - 1.02)   
 

16. Martínez-González 
et al., 2012 
 
Prospective Cohort 

N = 15,535 
 
Spain 
2–10 y,  
 
FFQ(136-item) 
validated  

Mean Age:  
38.1±11.8 y 
 
60% Women 
 
SUN 

MDS 
Total Score 0 - 9 

All-cause and CVD 
mortality 

Per 2-point increase in MDS score:  
CVD mortality: HR = 0.59 (95% CI = 0.36 - 
0.96, P for trend = 0.03)  

17. McCullough et al., 
2000a 
 
Prospective Cohort 

N = 38,622 
 
U.S. 
8 y 
 
FFQ (131-item) 
validated  

40–75 y 
 
Men 
 
 HPFS 

HEI-f                                          
(HEI based on FFQs)      
Total Score 0 - 100                
 

CVD (fatal or non-fatal 
stroke or MI)  
 
 

CVD, comparing highest to lowest quintile of 
HEI-f scores:  
RR = 0.72 (95% CI = 0.60 - 0.88, P for trend 
< 0.001) 

18. McCullough et al., 
2000b 
 
Prospective Cohort 

N = 67,272 
 
U.S. 
12 y 
 
FFQ (116-item) 
validated 

Mean Age by HEI-f 
quintiles:   
48.7±6.83 to 
 52.7±7.0 y 
 
Women 
 
 NHS 

HEI-f                                          
(HEI based on FFQs)      
Total Score 0 - 100                
 

CVD (fatal or non-fatal 
stroke or MI)  
 
 

CVD, comparing highest to lowest quintile of 
HEI-f scores:  
RR = 0.86 (95% CI = 0.72 - 1.03, P for trend 
= 0.085, NS)  
 
 

19. McCullough et al., 
2002 
 
Prospective Cohort 

N = 67,271 ♀    
N = 38,615 ♂ 
 
U.S. 
8–12 y 
 
FFQ (131-item) 
validated 

Mean Age by AHEI 
Quintiles: ♀: 49.4–51.8 y   
♂: 51.8–54.0 y 
 
64% Women 
 
NHS and HPSF 

AHEI,  
Total Score 2.5 -  87.5     
  
 RFS 
Total Score 0 - 23 

CVD (fatal or non-fatal 
stroke or MI) 

Comparing highest to lowest quintile of 
AHEI scores:  
CVD in men: RR = 0.61 (95% CI = 0.49 - 
0.75; P for trend < 0.001)   
CVD in women: RR = 0.72 (95% CI = 0.60 - 
0.86; P for trend < 0.001) 
 
Comparing highest to lowest quintile of RFS 
scores : 
CVD in men: RR = 0.77 (95% CI = 0.64 - 
0.93; P for trend < 0.001) 
NS in Women 
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Table 4-B-I-2. Overview Table: Cardiovascular Disease―continued 

Author, Year 
Study Design 

Sample Size 
Location 
Duration 
Dietary 

Assessment 

Population 
Age/Gender 

Cohort 
Exposure 

Index/Score 
Outcomes Measured Health Outcome 

20. Mitrou et al., 2007 
 
Prospective Cohort 

N = 380,296 
 
U.S. 
10 y 
 
FFQ(124-item) 
validated with 24h 
recalls 
 

Median Age: 62 y 
 
44% Women 
 
NIH-AARP Diet and Health 
Study 

MDS  
Total Score 0 - 9                  
 
aMed                          
Total Score 0 - 9 

All-cause and CVD 
mortality  

Comparing highest to lowest aMed scores 
(high, med, low):  
 
CVD mortality for  men: HR = 0.78 (95% 
CI = 0.69 - 0.87, P for trend < 0.001)  
 
CVD mortality for women: HR = 0.81 (95% 
CI = 0.68 - 0.97, P for trend < 0.01)  
 
Similar results were seen for MDS, data not 
shown for fully adjusted model for men and 
women. 

21. Nakamura et al., 
2009 
 
Prospective Cohort 
 

N = 9,086 
 
Japan 
19 y 
 
FFQ (31-item) 
NIPPON DATA80 

Mean Age  
49.1±13.5 – 51.7±13.0 y 
 
56% Women 
 
National Integrated 
Project for Prospective 
Observation of Non-
Communicable 
Diseases and its Trends in the 
Aged 

Reduced Salt Japanese 
Diet Score                                             
Total Score 0 - 7 

CVD, stroke, and MI 
mortality 

Comparing highest to lowest tertile of 
Reduced Salt Japanese Diet scores: 
 
CVD mortality: HR = 0.80 (95% CI = 0.66 - 
0.97; P for trend = 0.022) 
 

22. Nilsson et al., 2012 
 
Prospective Cohort 

N = 77,319 
 
Sweden 
10 y 
 
3 FFQs: 
2  84-item and 1 64-
item  

Median Ages:  
50 y for low & med groups; 
40 y for high group 
 
51% Women 
 
Vasterbotten Intervention 
Program (VIP)  

Traditional Sami diet score  
Total Score 0 - 8 

All-cause and CVD 
mortality 

Per 1 pt increase in Traditional Sami Diet 
score:  
 
CVD mortality for men: HR = 1.02  
(95% CI = 0.97 - 1.08; P = 0.370, NS)  
 
CVD mortality for women: HR = 1.05  
(95% CI = 0.96 - 1.15; P = 0.287, NS)     

23. Oba et al., 2009 
 
Prospective Cohort 

N = 29,079 
 
Japan 
7 y 
FFQ (169-item) 
validated 

Mean Ages:  
~55 y Women  ~54 y Men 
 
54% Women 
 
Takayama Study 
 

Japanese Food Guide 
Spinning Top                      
Total Score 0 - 70 

All-cause and CVD 
mortality 

Comparing highest to lowest quartile of 
Japanese Food Guide Scores:  
 
CVD mortality for men:  HR = 1.06  
(95% CI = 0.78 - 1.45, P for trend = 0.70, NS)  
 
CVD mortality for women: HR = 0.76 
(95% CI = 0.56 - 1.04, P for trend = 0.05)  

24. Panagiotakos et al., 
2008 
 
Prospective Cohort 

N = 2,101 
 
Greece 
5 y 
 
FFQ  
(EPIC Greece) 

Mean Age:  
45±14 y 
 
50% Women 
 
ATTICA Study 

MedDietScore             
Total Score 0 - 55 

CVD (CHD, acute coronary 
syndromes, stroke, or other 
CVD) 

CVD, per 1 unit increase in MedDietScore:  
RR = 0.94 (95% CI = 0.90 - 0.97)  
Only for men and women aged 35 - 65 y  
 
 

25. Russell et al., 2012 
 
Prospective Cohort 

N = 2,897 
 
Australia 
15 y 
 
FFQ(145-item), 
adapted from Willett  

49–97 y 
 
43.7 – 70% women across 
quintiles 
 
Blue Mountain Eye Study 
(BMES) 

Total Diet Score (TDS)      
Total Score 0 - 20 

All-cause and CVD 
mortality 

CVD mortality, comparing highest to lowest 
quintile of TDS: HR = 0.77(95% CI = 0.57 - 
1.05, P for trend = 0.1, NS) 
 
Per standard deviation increase in TDS (1 
SD = 2·19 units): HR = 0.91 (95% CI = 0.82 
- 1.00, P for trend = 0.06) 

26. Seymour et al., 2003 
 
Prospective Cohort 

N = 63,109 ♀ 
N = 52,724 ♂ 
 
U.S. 
3 y 
 
FFQ (68-item) NCI 
Block  

50–79 y 
 
55% Women 
 
American Cancer Society 
Cancer Prevention Study II 
Nutrition cohort 
      

DQI of Patterson                         
Total Score 0 - 16 
 
Higher DQI = poorer diet 
quality 

All-cause and CVD 
mortality 

Comparing highest to lowest DQI scores:  
 
All circulatory disease mortality for men:  
RR = 1.18 (95% CI = 0.80 - 1.74, P for trend 
= 0.83, NS)  
 
All circulatory disease mortality for 
women:  RR = 1.81 (95% CI = 0.88 - 3.72, 
P for trend = 0.003)  
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Table 4-B-I-2. Overview Table: Cardiovascular Disease―continued 

 Author, Year 
Study Design 

Sample Size 
Location 
Duration 
Dietary 

Assessment 

Population 
Age/Gender 

Cohort 
Exposure 

Index/Score 
Outcomes Measured Health Outcome 

27. Sjögren et al., 2010 
 
Prospective Cohort 

N = 924 
 
Sweden 
10 y 
 
7-day Dietary Record 

Mean Age:  
71 ±1 y 
 
Men 
 
Uppsala Longitudinal Study 
of Adult Men (ULSAM)  
 

Healthy Diet Indicator (HDI)   
Total Score 1 - 8  
  
MDS  
Total Score 0 - 9 

All-cause and CVD 
mortality  

CVD mortality, comparing the highest to 
lowest scores: 
HDI: HR = 1.25 (95% CI = 0.55 - 2.80,  
P for trend = 0.67, NS)  
MDS: HR = 0.60 (95% CI = 0.26 - 1.38, 
 P for trend = 0.22, NS)  
 
In sub-analysis (N = 511), non-adequate 
dietary reporters were excluded: 
CVD mortality, comparing the highest to 
lowest scores:  
MDS: HR = 0.19 (95% CI = 0.04 - 0.86,  
P for trend = 0.009)   
Per standard deviation increase in MDS:  
HR = 0.63 (95% CI = 0.42 - 0.96) 
HDI: HR = 1.36 (95% CI = 0.44 - 4.13,  
P for trend = 0.85, NS)  
Per standard deviation increase in HDI:  
HR = 0.97 (95% CI = 0.60 - 1.57, NS) 

28. Tognon et al., 2012 
 
Prospective Cohort 

N = 77,151 
 
Sweden 
9 y 
 
3 FFQs: 
2  84-item and 1 64-
item 

30–60 y (including a few 
people aged 70 y) 
 
51% Women 
 
VIP 

 MMDS 
Total Score 0 - 8 

All-cause and CVD 
mortality 

Comparing highest to lowest MMDS:  
 
CVD mortality for men: HR = 0.99 (95% CI 
= 0.93 - 1.04, NS)  
 
CVD mortality for women: HR = 0.90 (95% 
CI = 0.82 - 0.99, P for trend < 0.05)  
 

29. von Ruesten et al., 
2010 
 
Prospective Cohort 
 

N = 23,531 
 
Germany 
7.8 y 
 
FFQ (148-item) 
 

Mean Ages  
♀: 46.5 ±8.8 - 49.7 ±9.6 y  
♂: 50.1 ±7.6 -  53.2 ±8.3 y;  
 
61% Women 
 
EPIC-Potsdam 

German Food Pyramid 
Index (GFPI)                                
Total Score 0 - 110 

CVD incidence 
 

 

Comparing highest to lowest quintile of 
GFPI scores:  
 
CVD in men: HR = 0.56 (95% CI = 0.34 - 
0.94, P for trend = 0.0259)  
 
CVD in women: HR = 1.76 (95% CI = 0.34 - 
2.25, P for trend = 0.2437)  
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Tabl Table 4-B-I-3. Overview Table: Coronary Heart Disease 

Author, Year 
Study Design 

Sample Size 
Location 
Duration 
Dietary 

Assessment 

Population 
Age/Gender 

Cohort 
Exposure 

Index/Score Outcomes Measured Health Outcome 

Coronary Heart Disease 
1. Buckland et al., 

2009 
  
Prospective 
Cohort 

N = 41,078 
 
Spain 
10.4 y 
 
Dietary history 
questionnaire, 
validated in Spain 
across all centers 

29–69 y 
 
62% Women 
 
EPIC-Spain 

rMED                                    
Total Score 0 - 18 

CHD incidence 
 
 
 

Comparing highest to lowest rMED scores:  
CHD: HR = 0.60 (95% CI = 0.47 - 0.77,  
P for trend <0.001) 
CHD for men: HR = 0.58 (95% CI = 0.44 - 
0.76, P for trend <0.001) 
CHD for women: HR = 0.67 (95% CI = 0.39 
- 1.16, P for trend =0.16, NS) 
 
Per 1-unit increase in the 18-unit rMED:  
CHD: HR = 0.94 (95% CI = 0.91 - 0.97,  
P for trend <0.001)  
CHD for men: HR = 0.94 (95% CI = 0.91 - 
0.97, P for trend <0.001)  
CHD for women: HR = 0.93 (95% CI = 0.87 
- 0.99, P for trend = 0.04)  

2. Chiuve et al, 2011 
 
Prospective 
Cohort 

N = 81,722 
 
U.S. 
26 y 
 
FFQ, validated 
(assessed every 2-4 y) 

Mean age: 72 y  
at follow-up 
 
Women 
 
NHS 

aMed                        
Total Score 0 - 9 

Sudden cardiac death Sudden cardiac death, comparing highest 
to lowest aMed scores:  
RR = 0.60 (95% CI = 0.43 - 0.84, P for trend 
< 0.001) 

3. Chiuve et al., 
2012 
 
Prospective 
Cohort 

N = 112,488  

U.S. 
24 y 
 
FFQ (131-item) 
validated 

 

♀ 30–55 y  
♂ 40–75 y  
  
64% Women 
 
NHS and HPFS 

HEI - 2005    
Total Score 0 - 100  
 
 AHEI - 2010   
Total Score 0 - 110 

CVD (CHD, stroke, or 
angina) 

Comparing highest to lowest quintile of HEI-
2005 and AHEI-2010 scores for each 
outcome (each adjusted for the other score):   
 
CHD:  
HEI-2005: RR = 0.97 (95% CI = 0.86 - 1.10; 
P for trend = 0.99, NS)    
AHEI-2010: RR = 0.69 (95% CI = 0.61 - 
0.78; P for trend <0.001) 
P for similar effects of diet scores = 0.002 

4. Dilis et al., 2012 
 
Prospective 
Cohort 

N = 23,929 

Greece 
10 y 

FFQ (190-item) 
validated 

20–86 y 
 
60% Women 
 
EPIC-Greece 

MDS  
Total Score 0 - 9 

CHD incidence and 
mortality 
 

Comparing highest to lowest MDS:  
CHD mortality: HR = 0.54 (95% CI = 0.37 - 
0.81; P = 0.003) 
CHD mortality for men: HR = 0.62 (95% CI 
= 0.39 - 0.98; P = 0.040)  
CHD mortality for women:  HR = 0.39 
(95% CI = 0.17 - 0.88; P = 0.024)  
  
Per 2 point increase in MDS:  
CHD mortality: HR = 0.78 (95% CI = 0.66 - 
0.92; P = 0.003)  
CHD mortality for men: HR = 0.81 (95% CI 
= 0.66 - 0.99; P = 0.043)  
CHD mortality for women: HR = 0.75 (95% 
CI = 0.57 - 0.98; P = 0.038)  
 
Comparing highest to lowest MDS:  
CHD incidence for women: HR = 0.62 
(95% CI = 0.39 - 0.99; P = 0.043)   
NS men or men and women  

5. Fidanza et al., 
2004 
 
Prospective 
Cohort 

N = 12,763 
 
U.S., Finland, Italy, 
Greece, Japan, 
Yugoslavia, Serbia 
25 y 
 
Food Records 

40–59 y 
 
Men 
 
Seven Countries Study 

 MAI 
                                  
MAI was determined for 
sub-samples of the 16 
cohorts 

CHD mortality MAI computed for 16 cohorts was inversely 
correlated with 25 y death rates from CHD.  
 
Coefficient of linear correlation between MAI 
and CHD mortality in 16 cohorts:  
R = -0.72 (P < 0.001) 
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Table 4-B-I-3. Overview Table: Coronary Heart Disease―continued 

 Author, Year 
Study Design 

Sample Size 
Location 
Duration 
Dietary 

Assessment 

Population 
Age/Gender 

Cohort 
Exposure 

Index/Score Outcomes Measured Health Outcome 

6. Fitzgerald et al., 
2012 
 
Prospective 
Cohort 

N = 34,827 
 
U.S. 
14.6 y 
 
FFQ (133-item, 
Willett) 

Mean Age = 55 y  
 
Women 
 
Women’s Health Study 

DASH score  
Total Score 8 - 40 

CVD (fatal and non-fatal MI 
and stroke and cardio-
vascular death).   
CHD (non-fatal MI and 
CHD death).  

CHD, comparing highest to lowest quintile of 
DASH scores: HR = 0.90 (95% CI = 0.65 - 
1.24; P for trend = 0.09, NS)  

7. Folsom et al., 
2007 
 
Prospective 
Cohort 

N = 20,993 
 
U.S. 
16 y 
 
FFQ (127-item) 
validated 

55 – 69 y 
 
Women 
 
Iowa Women’s Health 
Study (IWHS) 

DASH Score                   
Total Score 0 - 11 

CVD, CHD, and stroke 
mortality 

CHD mortality, comparing the highest to 
lowest quintile of DASH scores:  
HR = 0.86 (95% CI = 0.67 - 1.12; P for trend 
= 0.69, NS) 
 

8. Fung et al., 2008  
 
Prospective 
Cohort 

N = 88, 517  
 
U.S. 
24 y 
 
FFQ (116-item) 
validated (assessed 
7X)  

34–59 y 
 
Women 
 
NHS 

DASH Score                     
Total Score 8 - 40 

CHD (nonfatal MI or fatal 
CHD) and stroke 

CHD, comparing highest to lowest quintile of 
DASH scores: RR = 0.73 (95% CI = 0.64 - 
0.84; P for trend < 0.001)  
 
Risk reduction was significant for both fatal 
and nonfatal CHD  
 
 

9. Fung et al., 2009  
 
Prospective 
Cohort 

N = 74,886  
 
U.S. 
20 y 
 
FFQ (116-item) 
validated (assessed 
6X) 

38–63 y  
 
Women 
 
NHS 
 
 
 

aMed                    
Total Score 0 - 9 

CVD, CHD, and stroke CHD, comparing highest to lowest quintile of 
aMed scores: RR = 0.71 (95% CI = 0.62 - 
0.82; P for trend < 0.0001) 
 
CHD mortality: RR = 0.58 (95% CI = 0.45 - 
0.75; P for trend < 0.0001)  

10.  Kant et al., 2000 
 
Prospective 
Cohort 

N = 42,254 
 
U.S. 
5.6 y 
 
FFQ (62-item), 
validated  

40–93 y  
Mean Age: 61.1 y 
 
Women 
 
Breast Cancer Detection 
and Demonstration Project 
(BCDDP)   

RFS 
Developed by authors   
Total Score 0 - 23   

All-cause and CHD and 
Stroke mortality 

CHD mortality, comparing highest to lowest 
quartile of RFS:  
RR = 0.67 (95% CI = 0.47 - 0.95, P for trend 
= 0.03) 
 
 

11. Knoops et al., 
2004 
 
Prospective 
Cohort 

N = 2,339 
 
11 European countries 
10 y 
 
Diet histories, 
validated 

70–90 y 
 
35% Women 
 
HALE 

MMDS                     
Total Score 0 - 8 
(w/out alcohol) 

CVD and CHD mortality Comparing the low risk group (mod MDS = 4 
or above) with high risk group:  
 
CHD: HR = 0.61 (95% CI = 0.43 - 0.88)  
 

12. Martínez-
González et al., 
2011   
 
Prospective 
Cohort 

N = 13,609 
 
Spain 
5 y 
 
FFQ (96-item) 
validated  

Mean Age: 38 y 
 
56 – 61% Women 
 
SUN  

MDS  
Total Score 0 - 9                                            
 
 

CVD and CHD Comparing highest to lowest MDS scores:  
CHD: HR = 0.42 (95% CI = 0.16 - 1.11,  
P for trend = 0.04) 
 
Per 2-point increase in MDS score:  
CHD: HR = 0.74 (95% CI = 0.55 - 0.99)   

13. Menotti et al., 
2012 
 
Prospective 
Cohort 
 

N = 1,139 
 
Italy 
40 y 
 
Weighted-record for 
subsample and diet 
history for all  

45–64 y   
Mean Age: 54.5±5 y 
 
Men 
 
Italian 
Rural Areas of the Seven 
Countries Study 

MAI                         
natural logarithm  
 (lnMAI)  
Range 0 to >100 

CHD mortality CHD mortality, per 1 unit increase of lnMAI 
(~ 2.7 units of MAI):  
 
HR = 0.74 (95% CI = 0.55 - 0.99) at 20 y 
 
HR = 0.79 (95% CI = 0.64 - 0.97) at 40 y 
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Table 4-B-I-3. Overview Table: Coronary Heart Disease―continued 

 

Author, Year 
Study Design 

Sample Size 
Location 
Duration 
Dietary 

Assessment 

Population 
Age/Gender 

Cohort 
Exposure 

Index/Score Outcomes Measured Health Outcome 

14. Michels and Wolk, 
2002 
 
Prospective 
Cohort 

N = 59,038 
 
Sweden 
10 y 
 
FFQ (60-item) 

40–76 y 
 
Women 
 
SMC 

RFS 
Total Score 0 - 17   
 
Non-RFS  
Total Score 0 - 21 

All-cause and CHD and 
Stroke mortality 

CHD mortality, comparing highest to lowest 
RFS:  
HR = 0.47 (95% CI = 0.33 - 0.68, P for trend 
< 0.0001) 
comparing highest to lowest Non- RFS:  
RR = 0.79 (95% CI = 0.47 - 1.32, P for trend 
= 0.09, NS) 

15. Osler et al., 2002     
 
Prospective 
Cohort 

N = 5,834 
 
Denmark 
12–14 y 
 
FFQ (26-item) 
validated 

30–70 y 
 
49% Women 
 
WHO MONICA study 

Healthy Food  Index                  
Total Score 0 - 4  
 

CHD incidence CHD, comparing highest to lowest Healthy 
Food Index scores:  
HR = 1.21 (95% CI = 0.80 - 1.82; P for trend 
= 0.229, NS)  

16. Trichopoulou et 
al., 2003 
 
Prospective 
Cohort 

N = 22,043  
 
Greece 
 
3.7 y 
 
FFQ(150-item) 
validated  

20–86 y 
 
60% Women 
 
EPIC-Greece 

MDS  
Total Score 0 - 9 

All-cause and CHD 
mortality 

CHD mortality, per  2 pt increment in MDS:  
HR = 0.67 (95% CI = 0.47 - 0.94) 
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Table 4-B-I-4.  Overview Table: Stroke, Myocardial Infarction and Heart Failure 

Author, Year 
Study Design 

 

Sample Size 
Location 
Duration 
Dietary 

Assessment 

Population 
Age/Gender 

Cohort 
Exposure 

Index/Score Outcomes Measured Health Outcome 

Stroke  
1. Agnoli et al., 

2011 
 
Prospective 
Cohort 
 

N = 40,681 
 
Italy 
8 y 
 
FFQ (188 item) 

♀ 35–74 y 
♂ 35–64 y   
 
60% Women 
 
EPIC-Italy 

HEI-2005 
Total Score 0 - 100 
 
DASH score  
Total Score 8 - 40 
 
MDS  
Total Score 0 - 9  
 
Italian Med Index,  
Total Score 0 - 11  
 

Stroke (all types of stroke, 
ischemic stroke, and  
hemorrhagic stroke) 

Stroke: 
All patterns except HEI-2005 inversely 
associated, strongest association for Italian 
Index (highest to lowest tertile):  
HR = 0.47 (95%CI = 0.30 - 0.75,  
P for trend <0.001) 
 
Ischemic Stroke: 
All patterns except MDS inversely 
associated,  
strongest association for Italian Index 
(highest to lowest tertile):  
HR = 0.37 (95%CI = 0.19 - 0.70,  
P for trend < 0.001) 

2. Chiuve et al., 
2012 
 
Prospective 
Cohort 

N = 112,488  

U.S. 
24 y 
 
FFQ (131-item) 
validated 

 

♀ 30–55 y  
♂ 40–75 y  
  
64% Women 
 
NHS and HPFS 

HEI - 2005    
Total Score 0 - 100  
 
AHEI - 2010   
Total Score 0 - 110 

CVD (CHD, stroke, or 
angina) 

Comparing highest to lowest quintile of 
HEI-2005 and AHEI-2010 scores for each 
outcome (each adjusted for the other 
score):  
 
Stroke:  
HEI-2005: RR = 0.90 (95% CI = 0.77 - 1.05;  
P for trend = 0.12, NS)  
AHEI-2010: RR = 0.86 (95% CI = 0.74 - 1.00; 
P for trend = 0.03)  
P for similar effects of diet scores = 0.87, NS 

3. Estruch et al., 
2013 
 
RCT 
 

Initial N = 7,447                 
Final N = 6,924 
 
Intent to treat 
analysis  
 
Spain 
4.8 y 
 
FFQ (137-item) 
validated 

55–80 y 
 
High CVD risk 
 
57% Women 
 
PREDIMED Trial 

Med diet + olive oil (OO)  
(N = 2,543) or Med diet  
+ nuts (N = 2,454) vs  
control, low-fat diet  
(N = 2,450)  
 
 

Major cardiovascular events 
(MI, stroke, or death from 
cardio-vascular causes) 

Stroke: 
Med + OO vs control: HR = 0.67 (95% CI = 
0.46 - 0.98, P = 0.04) 
Med + nuts vs control diet: HR = 0.54  
(95% CI = 0.35 - 0.84, P = 0.006) 
Med diets combined vs control diet: HR = 0.61 
(95% CI = 0.44 - 0.86, P for trend <0.005) 
  
For both Med diet groups, adherence to 
Med Diet scores were higher than the 
control group (P<0.0001 for all yearly 
comparisons of follow-up). 

4. Folsom et al., 
2007 
 
Prospective 
Cohort 

N = 20,993 
 
U.S. 
16 y 
 
FFQ (127-item) 
validated 

55–69 y 
 
Women 
 
 IWHS 

DASH Score                   
Total Score 0 - 11 

CVD, CHD, and stroke 
mortality 

Stroke mortality, comparing highest to 
lowest quintile of DASH scores:  HR = 0.82 
(95% CI = 0.55 - 1.23; P for trend = 0.44) 
 

5. Fung et al., 
2008  
 
Prospective 
Cohort 

N = 88, 517  
 
U.S. 
24 y 
 
FFQ (116-item) 
validated (assessed 
7X)  

34–59 y 
 
Women 
 
NHS 

DASH Score                     
Total Score 8 - 40 

CHD (nonfatal MI or fatal 
CHD) and stroke 

Stroke, comparing highest to lowest 
quintile of the DASH scores:  RR = 0.83 
(95% CI = 0.71 - 0.96; P for trend = 0.007) 

6. Fung et al., 
2009  
 
Prospective 
Cohort 

N = 74,886  
 
U.S. 
20 y 
 
FFQ (116-item) 
validated (assessed 
6X) 

38–63 y  
 
Women 
 
NHS 
 
 

aMed                    
Total Score 0 - 9 

CVD, CHD, and stroke Stroke, comparing the highest to lowest 
quintile of aMed scores:  RR = 0.87 (95% 
CI = 0.73 - 1.02; P for trend = 0.03)   
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Table 4-B-I-4.  Overview Table: Stroke, Myocardial Infarction and Heart Failure―continued 

Author, Year 
Study Design 

 

Sample Size 
Location 
Duration 
Dietary 

Assessment 

Population 
Age/Gender 

Cohort 
Exposure 

Index/Score Outcomes Measured Health Outcome 

7. Gardener et al., 
2011 
 
Prospective 
Cohort 

N = 2568 
 
U.S. 
9 y 
 
FFQ (Block NCI), 
validated  

Mean Age:  
69±10 y 
 
64% Women 
 
Northern Manhattan Study 
(NOMAS) 

MDS  
(as MeDi)                                
Total Score  0 - 9 

Ischemic stroke, vascular 
death, and MI  
 
 

Ischemic Stroke, comparing the highest to 
lowest quintile of MDS scores: HR = 0.98 
(95% CI = 0.58 - 1.65; P = 0.62)  

8. Hoevenaar-
Blom et al., 
2012 
 
Prospective 
Cohort 

N = 34,708 
 
The Netherlands 
11.8 y 
 
FFQ (178-item) 
 

20–65 y MORGEN 
50–70 y PROSPECT 
 
75% Women 
 
EPIC-NL 

MDS  
Total Score 0 - 9 

Fatal CVD, total CVD, 
composite CVD, stroke, and 
MI 

Per 2 unit increment in MDS:  
 
Stroke: HR = 0.88 (95% CI = 0.78 - 1.00) 
Ischemic stroke: HR = 0.86 (95% CI = 
0.72 - 1.01)   
Hemorrhagic stroke: HR = 0.87 (95% CI 
= 0.60 - 1.09) 

9.  Kant et al., 
2000 
 
Prospective 
Cohort 

N = 42,254 
 
U.S. 
5.6 y 
 
FFQ (62-item), 
validated  

40–93 y  
Mean Age: 61.1 y 
 
Women 
 
Breast Cancer Detection and 
Demonstration Project (BCDDP)   

RFS  
Total Score 0 - 23   

All-cause and CHD and 
Stroke mortality 

Stroke mortality, comparing highest to 
lowest quartile of RFS:  HR = 0.58 (95% CI 
= 0.35 - 0.96, P for trend = 0.02) 

10. Michels and 
Wolk, 2002 
 
Prospective 
Cohort 

N = 59,038 
 
Sweden 
10 y 
 
FFQ (60-item) 

40–76 y 
 
Women 
 
Swedish Mammography Cohort  
(SMC) 
 

RFS 
Total Score 0 - 17   
 
Non-RFS  
Total Score 0 - 21 

All-cause and CHD and 
Stroke mortality 

Stroke mortality: 
Comparing highest to lowest RFS:  
HR = 0.40 (95% CI = 0.22 - 0.73,  
P for trend = 0.007)  
Comparing highest to lowest Non-RFS:  
RR = 0.96 (95% CI = 0.47 - 1.97,  
P for trend = 0.98) NS 

11. Misirli et al., 
2012 
 
Prospective 
Cohort 

N = 23,601 
 
Greece 
10.6 y 
 
FFQ (190-item) 
validated 

58% <55 y 
23% 55–64 y 
19% ≥65 y 
 
60% Women 
 
EPIC-Greece 

MDS  
Total Score 0 - 9 

Cerebrovascular disease 
(CBVD) 

Comparing highest to lowest MDS: 
CBVD: HR = 0.72 (95% CI = 0.54 - 0.97) 
CBVD mortality:  HR = 0.76 (95% CI = 
0.50 - 1.16, NS)  
 
Per 2 point increase in MDS:   
CBVD: HR = 0.85 (95% CI = 0.74 - 0.96) 
CBVD mortality:  HR = 0.88 (95% CI = 0.73 
- 1.06, NS)  

12. Nakamura et 
al., 2009 
 
Prospective 
Cohort 
 

N = 9,086 
 
Japan 
19 y 
 
FFQ (31-item) 
NIPPON DATA80 

Mean Age  
49.1±13.5 – 51.7±13.0 y 
 
56% Women 
 
National Integrated 
Project for Prospective Observation of 
Non-Communicable 
Diseases and its Trends in the Aged 

Reduced Salt Japanese 
Diet Score                                             
Total Score 0 - 7 

CVD, stroke, and MI mortality Stroke death , comparing highest to 
lowest tertile of Reduced Salt Japanese 
Diet scores: 
HR = 0.75 (95% CI = 0.56 - 0.99;  
P for trend = 0.038) 

13. Tognon et al., 
2012 
 
Prospective 
Cohort 

N = 77,151 
 
Sweden 
9 y 
 
3 FFQs: 2 84-and 1 
64-item 

30–60 y (included some aged 70 y) 
 
51% Women 
 
VIP 
 
 

MMDS 
Total Score 0 - 8 

All-cause and CVD mortality Comparing highest to lowest MMDS:  
 
Stroke mortality for men: HR = 0.98 
(95% CI = 0.85 - 1.13, NS)  
Stroke mortality for women: HR = 1.00 
(95% CI = 0.87 - 1.17, NS) 
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Table 4-B-I-4  Overview Table: Stroke, Myocardial Infarction and Heart Failure―continued 

Author, Year 
Study Design 

 

Sample Size 
Location 
Duration 
Dietary 

Assessment 

Population 
Age/Gender 

Cohort 
Exposure 

Index/Score Outcomes Measured Health Outcome 

Myocardial Infarction 
1. Gardener et al., 

2011 
 
Prospective 
Cohort 

N = 2568 
 
U.S. 
9 y 
 
FFQ (Block NCI), 
validated  

Mean Age:  
69±10 y 
 
64% Women 
 
Northern Manhattan Study 
(NOMAS) 

MDS  
(as MeDi)                                
Total Score 0 - 9 

Ischemic stroke, vascular 
death, and MI  
 
 

MI, comparing the 2nd with the lowest 
quintile of MDS scores: HR = 0.55 (95% CI 
= 0.31 - 1.00;  P <0.05)  

2. Hansen-Krone 
et al., 2012 
 
Prospective 
Cohort 

N = 18,062 
 
Norway 
10.8 y 
 
FFQ (37-item) 

25–69 y         
Mean Age:  
42 ±11 y 
 
52% Women 
 
Tromso study 

Smart Diet score                          
Total Score 15 - 45            
(this study 13 - 39) 

MI (fatal and non-fatal) MI, comparing highest to lowest tertile of 
Smart Diet scores:  
HR = 0.83 (95% CI = 0.66 - 1.06,  
P for trend = 0.1, NS)  
 
 

3. Hoevenaar-
Blom et al., 
2012 
 
Prospective 
Cohort 

N = 34,708 
 
The Netherlands 
11.8 y 
 
FFQ (178-item) 

20–65 y MORGEN 
50–70 y PROSPECT 
 
75% Women 
 
EPIC-NL 

MDS  
Total Score 0 - 9 

Fatal CVD, total CVD, 
composite CVD, stroke, and 
MI 

MI, per 2 unit increment in MDS:   
HR = 0.86 (95% CI = 0.79 - 0.93) 

4. Nakamura et 
al., 2009 
 
Prospective 
Cohort 
 

N = 9,086 
 
Japan 
19 y 
 
FFQ (31-item) 
NIPPON DATA80 

Mean Age:  
49.1±13.5 – 51.7±13.0 y 
 
56% Women 
 
National Integrated 
Project for Prospective Observation of 
Non-Communicable Diseases and its 
Trends in the Aged 

Reduced Salt Japanese 
Diet Score                                             
Total Score 0 - 7 

CVD, stroke, and MI mortality Acute MI death, comparing highest to 
lowest tertile of Reduced Salt Japanese 
Diet scores: 
HR = 0.84 (95% CI = 0.55 - 1.27;  
P for trend = 0.42, NS)     
                 
 

5. Tognon et al., 
2012 
 
Prospective 
Cohort 

N = 77,151 
 
Sweden 
 
9 y 
 
3 FFQs: 2 84-and 1 
64-item 

30–60 y (included some aged 70 y) 
 
51% Women 
 
VIP 
 

MMDS 
Total Score 0 - 8 

All-cause and CVD mortality Comparing highest to lowest MMDS:  
 
MI mortality for men: HR = 0.96 (95% CI 
= 0.89 - 1.04, NS)  
MI mortality for women: HR = 0.84  
(95% CI = 0.71 - 0.99, P for trend < 0.05)  

Heart Failure 
1. Belin et al., 

2011  
 
Prospective 
Cohort 

N = 79,752 (CVD)                                 
N = 83,183 (HF) 
 
U.S. 
10 y 
 
FFQ (WHI) 

50–79 y  
 
Women, Postmenopausal 
 
WHI 
 

 AHEI 
Total Score 2.5 - 87.5 
 
Dietary Modification Index 
(DMI)  
Total Score 6 - 30 

Composite CVD (nonfatal MI, 
CHD death, coronary artery 
bypass graft/ coronary 
angioplasty, stroke, and HF) 
and HF alone 

HF, comparing highest to lowest quintiles: 
 
DMI: HR = 0.91 (95% CI = 0.78 - 1.06,  
P for trend = 0.045) 
AHEI: HR = 0.70 (95% CI = 0.59 - 0.82,  
P for trend <0.001) 

2. Levitan et al., 
2009a 
 
Prospective 
Cohort 

N = 36,019 
 
Sweden 
7 y 
 
FFQ (96-item) 
 

48–83 y 
 
Women 
 
SMC 

1) DASH score of Fung  
2) DASH score of Folsom 
3) DASH Food score of 
NHLBI  
4) DASH Nutrient score of 
NHLBI 

Heart Failure (HF) HF, comparing highest to lowest quartile of 
DASH scores (Fung):  
HR = 0.63 (95% CI = 0.48 - 0.81, P for 
trend <0.0001) 
DASH scores (NHLBI Food Rec): HR = 
0.69 (95% CI = 0.52 - 0.90, P for trend = 
0.007) 
DASH scores (NHLBI Nutrient Rec): HR = 
0.69 (95% CI = 0.51 - 0.93, P for trend = 0.02)  
DASH score (Folsom) NS 

3. Levitan et al., 
2009b 
 
Prospective 
Cohort 

N = 38,987 
 
Sweden 
9 y 
 
FFQ (96-item) 

45–79 y 
 
Men 
 
CSM 

DASH score  
Total Score 8 - 40 

Heart Failure (HF) HF, comparing highest to lowest quartile of 
DASH scores: RR = 0.78 (95% CI = 0.65 - 
0.95; P for trend = 0.006).      
 

 

 



  

Dietary Patterns   107 

 

Table 4-B-I-5  Overview Table: Hypertension & Blood Pressure and Blood Lipids 

Author, Year 
Study Design 

 

Sample Size 
Location 
Duration 
Dietary 

Assessment 

Population 
Age/Gender 

Cohort 
Exposure 

Index/Score Outcomes Measured Health Outcome 

Hypertension & Blood Pressure 
1. Camoes et al., 

2010 
 
Prospective 
Cohort 

N = 549 
 
Portugal 
3.8 y 
 
FFQ (82-item) 
validated 

44% 40–49 y    
37% 50–60 y  
19% >60 y  
 
62% Women 
 
EPIPorto 

DASH                                
Total Score: 0 - 9 

HTN  HTN, comparing highest to lowest tertile of 
DASH scores: Incident Rate Ratio (IRR) = 
0.84 (95% CI = 0.55 - 1.26, NS)  
 
  

2. Dauchet et al., 
2007 
 
Prospective 
Cohort 

N = 2,341 

France 
5.4 y 
 
Repeated 24-h 
dietary records 

Mean Age:  
♀ 47.9±6.5y  
♂ 52.7±4.7y  
 
64% Women 
 
SU.VI.MAX  

DASH score 
 DASH + Keys score 

SBP and DBP Comparing highest to lowest quartile of 
DASH scores: 
SBP = -2.1 mmHg (P for trend <0.002)  
DBP = -0.6 mmHg (P for trend <0.02) 
The relation was similar for Dash + Keys 
score. 
                                                      
SBP men = -2.7 mmHg (P for trend <0.03)   
DBP men = -0.8 mm Hg (P for trend <0.12, 
NS)  
SBP  women = -1.5 mmHg (P for trend 
<0.06, NS)   
DBP women = -0.3 mm Hg (P for trend 
<0.17, NS)  

3. Estruch et al., 
2006 
 
RCT 

Initial N = 772                 
Final N = 769  
 
Spain 
3 mos  
 
FFQ (137-item) 
validated 

50–80 y 
 
High CVD risk 
 
60, 50, 58% Women for: 
Med diet +OO, Med diet 
+nuts, and low-fat diet 
 
PREDIMED Trial  

Subjects assigned to 
control low-fat diet  
(N = 257) or Med diet + OO 
(N = 257) or Med diet + 
nuts (N = 258)  
Med diet received nutrition 
education 

SBP and DBP SBP, compared with the low-fat diet: 
Mean change with Med diet +OO: -5.9mm 
Hg (95% CI = -8.7 to -3.1, P<0.001) 
Mean change with Med diet +nuts: -7.1 mm 
Hg (95% CI = -10.0 to -4.1, P<0.001)    
 
DBP, compared with the low-fat diet: 
Mean change with Med diet +OO: -1.60mm 
Hg (95% CI = -3.00 to -0.01, P=0.048) 
Mean change with Med diet + nuts: -2.6 mm 
Hg (95% CI = -4.2 to 1.0, P < 0.001) 

4. Folsom et al., 
2007 
 
Prospective 
Cohort 

N = 20,993 
 
U.S. 
16 y 
 
FFQ (127-item) 
validated 

55–69 y 
 
Women 
 
IWHS 

DASH Score                   
Total Score 0 - 11 

HTN HTN, comparing highest to lowest quintile of 
DASH scores:  
HR = 0.97 (95% CI = 0.87 - 1.07; P for trend 
= 0.96, NS)  

5. Jacobs et al., 
2009 
 
RCT 

Initial N = 219                
Final N = 187 
 
Norway 
1 y 
 
FFQ (180-item) 
validated 

Mean Age: 
45±2 y 
 
Men 
 
Oslo Diet and Exercise 
Study (ODES) 

Author derived a priori 
score    
Total Score 0 - 62 

SBP and DBP  Per 10-point increase in diet score:  
SBP: -3 mm Hg (P<0.01) 
NS after adjustment for intervention + 
change in % body fat  
 
DBP NS 
 

6. Núñez-Córdoba 
et al., 2009 
 
Prospective 
Cohort 

N = 9,408 
 
Spain 
4.2 y 
 
FFQ (136-item) 
validated  

Mean Age    
♀: 34.0±9.7 y  
♂: 39.4±11.2 y 
 
62% Women 
 
SUN  
 

MDS      
Total Score 0 - 9 

HTN and BP 
 
 

Comparing highest to lowest MDS:  
HTN: HR = 1.12 (95% CI = 0.79 - 1.60; P for 
trend = 0.41, NS)  
SBP = -3.1 mmHG (95% CI = -5.4 to -0.8; 
 P for trend < 0.01)  
DBP = -1.9 mmHG (95% CI = -3.6 to -0.1;  
P for trend < 0.05)  
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Table 4-B-I-5  Overview Table: Hypertension & Blood Pressure and Blood Lipids―continued 

 

Author, 
Year 

Study 
Design 

Sample Size 
Location 
Duration 
Dietary 

Assessment 

Population 
Age/Gender 

Cohort 
Exposure 

Index/Score 
Outcomes Measured Health Outcome 

7. Rumawas 
et al., 2009 
 
Prospective 
Cohort 

N = 2,730 
 
U.S. 
7 y 
 
FFQ, Harvard  

43–70 y 
 
43–70% women across 
quintiles 
 
Framingham Offspring and 
Spouse (FOS) 

MSDPS  
Total Score 0 - 130 

SBP and DBP NS  MSDPS and  SBP or DBP 

8. Steffen et 
al., 2005       
 
Prospective 
Cohort 

N = 4,304 
 
U.S. 
15 y 
 
CARDIA FFQ 
(baseline /7 y) 

18–30 y 
 
57% Women 
 
CARDIA 

Authors' Food Index               
Total Score 0 - 24 

Elevated BP (EBP) 
 
 

EBP, comparing highest to lowest quintile of 
Food Index scores: HR = 0.59 (95% CI = 
0.45 - 0.76; P for trend > 0.001) 
                                                                                         
Food Index score was inversely associated 
with SBP and DBP (P < 0.05) 
 

9. Toledo et 
al., 2010 
 
Prospective 
Cohort 

N = 10,800 
 
Spain 
4.6 y 
 
FFQ (136-
item),validated  

Mean Age by DASH score: 
36±11 – 39±12 y 
 
57–84% Women 
 
SUN 

MDS, MMDS, Updated 
MMDS (UMMDS), MAI, 
Mediterranean Diet Quality 
Index (MDQI), 
Mediterranean Food 
Pattern (MFP), 
MedDietScore, DQI-I, RFS, 
Quantitative Index Dietary 
Diversity, HEI & AHEI 

HTN HTN, comparing highest to lowest DASH 
scores: HR = 0.48 (95% CI = 0.21 - 1.09;  
P for trend = 0.02) 
                                                                                                                                                                                                                                                                                                         
HTN, comparing highest to lowest UMMDS 
scores: HR = 1.34 (95% CI = 1.04 - 1.73;  
P for trend = 0.02)                                                                                                   

10. Tortosa et 
al., 2007 
 
Prospective 
Cohort 

N = 2,563 
 
Spain 
6 y 
 
FFQ (136-item) 
validated 

Age Not Reported 
 
Gender  
Not Reported 
 
SUN 

MDS  
referred to as Med Food 
Pattern (MFP)                                
Total Score 0 - 9 
 

SBP and DBP  NS MFP and  SBP or DBP 

11. van der 
Laar et al., 
2012 
 
Prospective 
Cohort 

N = 373 
 
The Netherlands 
24 y 
 
Cross-check dietary 
history interviews 

Mean Age:   
13.1±0.8 y 
 
53% Girls 
 
The Amsterdam Growth 
and Health Longitudinal 
Study 

 aMed                          
Total Score 0 - 9 

SBP, DBP,  mean BP 
(MBP) 

Per 2 point increase in aMed score:  
 
SBP: β = -0.140 (95% CI = -0.267 to -0.012)  
DBP: β = -0.142 (95% CI = -0.259 to -0.025) 
MBP: β = -0.158 (95% CI =  -0.283 to -0.033)  
 

12. Zamora et 
al., 2011 
 
Prospective 
Cohort 

N = 3,700  
 
U.S. 
13 y 
 
FFQ  CARDIA Diet 
History 

Young Adults          
Ave age: 24–25 y 
 
Blacks: 58% Women   
Whites:  53% Women 
~ 50% Blacks and  
50% Whites  
 
 CARDIA  

DQI-2005 SBP and DBP  Comparing highest to lowest quartile of DQI-
2005 scores: 

Decreased SBP (P=0.03)  
Decreased DBP (P=0.01)   
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Table 4-B-I-5  Overview Table: Hypertension & Blood Pressure and Blood Lipids―continued 

 Author, Year 
Study Design 

Sample Size 
Location 
Duration 
Dietary 

Assessment 

Population 
Age/Gender 

Cohort 

Exposure 
Index/Score Outcomes Measured Health Outcome 

Blood Lipids 

1. Estruch et al., 
2006 
 
RCT 

Initial N = 772                 
Final N = 769  
 
Spain 
3 mos  
 
FFQ (137-item) 
Validated 

50–80 y 
 
High CVD risk 
 
60, 50, 58% Women for: 
Med diet +OO, Med diet 
+nuts, and low-fat diet 
 
PREDIMED Trial  

Subjects assigned to 
control low-fat diet            
(N = 257) or Med diet + OO 
(N = 257) or Med diet + 
nuts (N = 258)  

Med diet received nutrition 
education 

Blood Lipids HDL cholesterol  
Med + OO vs control, mean change: 0.08 
mmol/L (95% CI = 0.04 - 0.10, P < 0.001)  
Med + nuts vs control, mean change: 0.04 
mmol/L (95% CI = 0.01 - 0.07, P = 0.006)  
  
Total cholesterol/HDL cholesterol ratio 
Med + OO vs control: -0.38 (95% CI =  -0.55 
to  -0.22, P < 0.001) 
Med + nuts vs control: -0.26 (95% CI =  -0.42 
to -0.10, P = 0.002) 
 
Triglycerides 
Med + nuts vs control: -0.15 mmol/L (95% CI 
=  -0.26 to  -0.02, P = 0.022)  

2. Jacobs et al., 
2009 
 
RCT 

Initial N = 219                
Final N = 187 
 
Norway 
1 y 
 
FFQ (180-item) 
validated 

Mean Age: 
45±2 y 
 
Men 
 
Oslo Diet and Exercise 
Study (ODES) 

Author derived  
a priori score    
Total Score 0 - 62 

Blood Lipids Total cholesterol, per 10-point increase  in 
a priori score: -0.22 ±0.09 mmol/L (P = 0.02)   
 
LDL-C, HDL-C, and TG all NS 

3. Rumawas et al., 
2009 
 
Prospective 
Cohort 

N = 2,730 
 
U.S. 
7 y 
 
FFQ, Harvard  

43–70 y 
 
43–70% women across 
quintiles 
 
Framingham Offspring and 
Spouse (FOS) 

MSDPS  
Total Score 0 - 130 

Blood Lipids Highest compared to lowest quintile of 
MSDPS:  
 
Decreased triglyceride levels (P < 0.001)  
  
Increased HDL-cholesterol (P = 0.02)  
 

4. Tortosa et al., 
2007 
 
Prospective 
Cohort 

N = 2,563 
 
Spain 
6 y 
 
FFQ (136-item) 
validated 

Age Not Reported 
(University Grads) 
 
Gender  
Not Reported 
 
SUN 

MDS  
referred to as Med Food 
Pattern (MFP)                                
Total Score 0 - 9 
 

Blood Lipids NS between MFP and triglycerides or HDL-C 
 
. 

5. van der Laar et 
al., 2012 
 
Prospective 
Cohort 

N = 373 
 
The Netherlands 
24 y 
 
Cross-check dietary 
history (face-to-face) 
interviews 

Mean Age:   
13.1±0.8 y 
 
53% Girls 
 
The Amsterdam Growth 
and Health Longitudinal 
Study 

aMed                         
Total Score 0 - 9 

Blood Lipids Per 2 point increase in aMed score:  
 
Total cholesterol: β = -0.155 (95% CI =   
-0.273 to -0.038)  
 
HDL-cholesterol: β = -0.059 (95% CI =  
-0.167 to 0.048) 

6. Zamora et al., 
2011 
 
Prospective 
Cohort 

N = 3,627  
 
U.S. 
13 y 
 
FFQ  CARDIA Diet 
History 

Young Adults          
Ave age: 24–25 y 
 
Blacks: 58% Women   
Whites: 53% Women 
 
~ 50% Blacks and  
50% Whites  
 
 CARDIA  

DQI-2005 Blood Lipids Comparing highest  to lowest quartile of DQI-
2005 scores: 
  
Increased HDL cholesterol (P = 0.02) 
 
NS triglycerides   
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Section II: Factor and Cluster Analysis  
By Patricia C. MacNeil, Joanne M. Spahn, and Joan Lyon 

 
Are prevailing patterns of diet behavior in a population, assessed using factor or cluster 
analysis, related to risk of cardiovascular disease? 

 
 

TECHNICAL ABSTRACT 
Background 

The goal of this systematic review project is to identify patterns of food and beverage intake that promote health and 
prevent disease. Historically, most dietary guidance has been based on research conducted on individual food 
components or nutrients. Dietary patterns are defined as the quantities, proportions, varieties, or combinations of 
different foods, drinks, and nutrients (when available) in diets, and the frequency with which they are habitually 
consumed. Factor and cluster analysis allow examination of the relationship between prevailing dietary patterns of a 
population and outcomes of public health concern. The objective of this systematic review was to assess the 
relationship between patterns of food and beverage intake, identified using factor and cluster analysis, and risk of 
cardiovascular disease (CVD).  
 
Conclusion Statement  
Limited evidence from epidemiological studies indicates that dietary patterns, assessed using cluster or factor 
analysis, characterized by vegetables, fruits, whole grains, fish, and low-fat dairy products are associated with 
decreased risk of cardiovascular disease in adults. Evidence of a relationship between dietary patterns characterized 
by red and processed meat, sugar-sweetened foods and drinks, and fried foods and an increased risk of 
cardiovascular disease is limited and less consistent. (Grade: III-Limited). 
 
Methods  

Literature searches were conducted using PubMed, Embase, Navigator (BIOSIS, CAB Abstracts, and Food Science 
and Technology Abstracts), and Cochrane databases to identify studies that evaluated the association between 
dietary patterns defined using factor or cluster analysis and CVD risk. Studies that met the following criteria were 
included in the review: Human subjects; Ages: 2 years and older; Populations: Healthy and those with elevated 
chronic disease risk;  subjects from countries with high or very high human development (based on the 2011 Human 
Development Index); randomized controlled trials, non-randomized controlled trials, or quasi-experimental studies; 
Sample size: Minimum of 30 subjects per study arm; Dropout rate less than 20 percent; Study assesses dietary intake 
using factor and cluster analysis; study considered cardiovascular disease and risks of cardiovascular disease; 
published in English in a peer-reviewed journal. The date range for the conduct of studies was unlimited.  
 
The results of each included study were summarized on evidence worksheets (including a study quality rating) and 
evidence table. A group of subject matter experts were involved in a qualitative synthesis of the body of evidence, 
development of a conclusion statement, and assessment of the strength of the evidence (grade), using pre-established 
criteria including evaluation of the quality, quantity, consistency, magnitude of effect, and generalizability of 
available evidence.   
 
Findings  

• Twenty-two prospective cohort studies conducted between 1989 and 2012 (from 18 cohorts) were included in 
this review. To derive dietary patterns, 15 studies used factor analysis and 5 studies used cluster analysis. Two 
studies generated dietary patterns using both factor and cluster analysis. Study duration ranged from 2 to 21 
years. Seven studies were conducted in the United States; two studies each were conducted in Sweden, Italy, 
Japan, and Denmark; and the remaining studies were conducted in the United Kingdom, Spain, Australia, 
Finland, Greece, Germany, and the Netherlands.  
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• Variability in the studies included in this review, including populations considered, dietary assessment methods 
used, the number and type of food groupings included in the analyses, and the statistical techniques employed, 
made comparisons among studies challenging.  

• In general, the favorable patterns were variously labeled “Mediterranean,” “vegetable,” “prudent,” “whole 
grains and fruit,” “cereals,” “fish and olive oil,” and “Japanese.” The unfavorable patterns, were labeled as 
“Western,” “fats and processed meat,”  “meat,” “animal food,” or “sweets” patterns. 

• Nine studies examined dietary patterns and their association with CVD outcomes. Eight studies used factor 
analysis, and two used cluster analysis; only one study analyzed dietary intake beyond the baseline measure.  
Generally, dietary patterns characterized by vegetables, fruits, whole grains, fish, and low-fat dairy products 
were more consistently associated with a decreased risk of CVD, while patterns characterized by red and 
processed meat, sugar-sweetened foods and drinks, and fried foods were somewhat less consistently associated 
with increased risk. 

• The evidence that evaluates the association between other related outcomes, as coronary heart disease, 
myocardial infarction, stroke, lipid levels, and blood pressure were insufficient and not consistent.   

 
Discussion  

The ability to draw strong conclusions was limited by the following issues:  
• In factor and cluster analysis, the consolidation of food items into food groups, the number of factors or clusters 

to extract, and even the labeling of components are subjective. Furthermore, patterns derived from either factor 
or cluster analysis may not be reproducible across studies because elements of dietary patterns and analytic 
decisions differ.  

• Dietary pattern analysis using factor or cluster methods may not be very informative in determining which 
elements of the diet or which biological relationships between these elements are responsible for the health 
outcome. 

• Some studies completed over long periods of time did not account for changes to subjects’ diets or seasonal 
variations in food supplies, which may have influenced the food components of patterns. 

• The patterns derived through analyses may not represent the most beneficial or detrimental patterns relative to 
the health outcome of interest.  

 
 

PLAIN LANGUAGE SUMMARY 
How combinations of foods and beverages, or dietary patterns,  

impact cardiovascular disease 

In the past, researchers looked at the relationship between individual foods and nutrients and health. Today, there is 
interest in looking at how combinations of foods and beverages, or dietary patterns, impact health. Statistical 
methods called factor and cluster analyses can be used to describe the patterns of foods and beverages people eat. 
This summary of a NEL review presents what we know about dietary patterns of certain groups of people described 
using factor and cluster analysis and the likelihood of increased risk of cardiovascular disease.   
 
Conclusion 
Limited evidence from epidemiological studies indicates that dietary patterns characterized by vegetables, fruits, 
whole grains, fish, and low-fat dairy products, assessed using cluster or factor analysis, are associated with 
decreased risk of cardiovascular disease in adults. Evidence of a relationship between dietary patterns characterized 
by red and processed meat, sugar-sweetened foods and drinks, and fried foods, on the one hand, and an increased 
risk of cardiovascular disease, on the other, is limited and less consistent. 
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What the Research Says 
• Consuming a diet pattern characterized by vegetables, fruits, whole grains, fish, and low-fat dairy products may 

prevent adults from increasing the risk of cardiovascular disease.  
• This review raised some key issues that make it harder to make stronger recommendations: 

o There were many differences in how the studies were done. 
o The dietary patterns differed a lot between studies. 

 
EVIDENCE PORTFOLIO 

 
Conclusion Statement 
Limited evidence from epidemiological studies indicates that dietary patterns, assessed using cluster or factor 
analysis, characterized by vegetables, fruits, whole grains, fish, and low-fat dairy products are associated with 
decreased risk of cardiovascular disease in adults. Evidence of a relationship between dietary patterns characterized 
by red and processed meat, sugar-sweetened foods and drinks, and fried foods and an increased risk of 
cardiovascular disease is limited and less consistent. 
 
Grade 
III – Limited 
 
Key Findings 

• Cluster and factor analyses are data-driven approaches that describe the dietary patterns consumed by the study 
population. High variability in the studies included in this review, including populations, case number, sample 
size, dietary assessment techniques, methods used to define and retain factors and clusters, confounders 
considered and the statistical analysis employed, made comparisons among studies challenging. 

• Patterns derived from either factor or cluster analyses are not reproducible across studies. The consolidation of 
food items into food groups, the number of factors or clusters to extract, and the labeling of components are 
based on subjective decisions. Patterns using the same naming convention frequently contain different foods or 
groups of foods, making it difficult to draw conclusions.  

• In general, favorable associations with CVD risk were seen in dietary patterns characterized by high 
consumption of vegetables, fruits, whole grains, fish, and low-fat dairy products. The unfavorable patterns, 
characterized by high intake of red and processed meat, sugar-sweetened foods and drinks, and fried foods, 
were more mixed in results, with no association with risk frequently found.  

• Association of patterns with favorable and unfavorable characteristics with CHD risk was mixed. Favorable 
patterns described as “prudent;” “healthy;” “evolved Mediterranean;” “bread, cereals, vegetables, fish, potatoes 
and oils;” and “whole grains and fruit” had an inverse association with CHD, while other patterns described as 
“prudent” or “healthy” had no association with CHD. The same inconsistency was found among unfavorable 
patterns described as “western” or “animal.”  

• Variation in the number, design, size of studies, and patterns identified made it difficult to identify trends 
related to myocardial infarction, stroke, measures of blood lipids, and blood pressure. 

 
Evidence Summary Overview 

Description of the Evidence 

Factor and cluster analyses are data-driven approaches that empirically derive food intake patterns. A description of 
these techniques is found in appendix A. A total of 22 prospective cohort studies conducted between 1989 and 2012 
(from 18 cohorts) were included in this review. Sixteen received a positive quality rating (Akesson, 2007; Harriss, 
2007; Heidemann, 2008; Kimokoti, 2012; Maruyama, 2012; Schulze, 2003; Shimazu, 2007; Panagiotakos, 2008; 
Fung, 2001; Fung, 2004; Guallar-Castillón, 2012; Hu, 2000; Mikkilä, 2007; Nettleton, 2009; Osler and Andreasen, 
2002; Stricker, 2011) and six received a neutral quality rating (Brunner, 2008; Duffey, 2012; Farchi, 1989; 
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Hlebowicz, 2011; Menotti, 2011; Osler, 2001). Sample sizes ranged from 1,146 to 72,113 participants (four studies 
<2,000; eight studies 3,000 to 9,000; six with 20,000 to 50,000, and four >50,000 subjects). The three largest cohorts 
were from the Nurses’ Health Study (Fung, 2001; Fung, 2004; Hiedemann, 2008), two small cohorts were from two 
rural Italian villages within the Seven Countries Study on Cardiovascular Disease (Farchi, 1989; Menotti, 2001), and 
two small cohorts were from the Danish WHO-MONICA survey (Osler and Andreasen, 2002; Osler and Heitmann, 
2001). Study duration ranged from 2 to 21 years (seven <10 years, eight between 10 to 15 years, and seven >15 
years). Eight studies (Heidemann, 2008; Nettleton, 2009; Fung, 2001; Hu, 2000; Fung, 2004; Duffey, 2012; 
Kimokoti, 2012; Schulze, 2003) were conducted in the United States, two studies each (Maruyama, 2012; Menotti, 
2011; Osler, 2002; Osler, 2001; Shimazu, 2007; Hlebowicz, 2011; Farchi, 1989; Akesson 2007) were conducted in 
Sweden, Italy, Japan, and Denmark, and the remaining studies were conducted in the United Kingdom, Spain, 
Australia, Finland, Greece, Germany, and the Netherlands.  
 
Population: All studies analyzed prospective data which, in general, included subjects free of cardiovascular 
disease (CVD), coronary heart disease (CHD), hypertension (HTN), and diabetes. Six studies did not exclude 
participants with chronic disease (Brunner, 2008; Farchi, 1989; Guallar-Castillón, 2012; Menotti, 2011; Mikkilä, 
2007; Osler, 2001). One of these studies was conducted in children and adolescents (Mikkilä, 2007) and four 
adjusted for the presence of chronic disease or disease risk (Brunner, 2008; Farchi, 1989; Guallar-Castillón, 2012; 
Menotti, 2011). Ten studies were conducted in both men and women (Brunner, 2008; Duffey, 2012; Guallar-
Castillon, 2012; Hlebowicz, 2011; Harriss, 2007; Maruyama, 2012; Nettleton, 2009; Osler, 2002; Osler, 2001; 
Panagiotakos, 2008), six studies included women only (Akesson, 2007; Fung, 2001; Fung, 2004; Heidemann, 2008; 
Kimokoti, 2000; Schulze, 2003), one recruited only postmenopausal women (Akesson, 2007), three studies included 
only men (Farchi, 1989; Hu, 2000; Menotti, 2011), and two studies analyzed health outcomes separately by gender 
(Hlebowicz 2011, Maruyama 2012). Age range at baseline spanned from 18 to 89 years; 15 studies recruited middle-
aged and older populations (above 35 years), and two studies recruited young subjects at baseline, including children 
3 to 18 years (Mikkila, 2007) and young adults 18 to 30 years (Duffey, 2012). Only one study identified the 
race/ethnic subgroups of their cohort (Nettleton, 2009).  
 
Dietary Assessment Methodology: Dietary intake was assessed using a baseline food frequency questionnaire 
(FFQ) in 16 studies (Akesson, 2007; Brunner, 2008; Fung, 2004; Fung, 2001; Harriss, 2007; Heidemann, 2008; Hu, 
2000; Kimokoti, 2012; Maruyama, 2012; Nettleton, 2009; Osler, 2002; Osler, 2001; Panagiotakos, 2008; Schulze, 
2003; Shimazu, 2007; Stricker, 2012), and three studies from the Nurses’ Health Study aggregated data from 
multiple FFQs completed at three (Fung, 2001; Fung, 2004) and five (Heidemann, 2008) time points during the 
study. Five studies (Duffey, 2012; Farchi, 1989; Guallar-Castillon, 2012; Hlebowicz, 2011; Menotti, 2011), used a 
diet history approach, two from the Seven Country Study relied on data collected in 1965 (Farchi, 1989; Menotti, 
2001), one study used a validated interviewer-administered diet history conducted in the mid-eighties (Duffey, 
2012), another from the EPIC Spanish cohort used a validated computerized diet history conducted in the early 
nineties (Guallar-Castillón, 2012), and another study used a diet history questionnaire combined with a 7-day food 
record completed in the early nineties (Hlebowicz, 2011). The longitudinal study involving children (Menotti, 2011) 
used a 48-hour recall to assess dietary intake.  
 
Dietary Pattern Methodology: In general, individual food and beverage items were consolidated into food groups 
based on established criteria, and dietary patterns were then generated by either factor analysis or cluster analysis. A 
factor analysis technique was used in 15 studies (Akesson, 2007; Fung, 2004; Fung, 2001; Guallar-Castillón, 2012; 
Harriss, 2007; Heidemann, 2007; Hu, 2000; Maruyama, 2012; Menotti, 2011; Mikkilä, 2007; Nettleton, 2009; Osler 
and Heitmann, 2001; Osler and Andreasen, 2002; Schulze, 2003; Shimazu, 2007) and cluster analysis in 5 studies 
(Brunner, 2008; Duffey, 2012; Farchi, 1989; Hlebowicz, 2011; Kimokoti, 2012). Two studies (Panagiotakos, 2008; 
Stricker, 2011) generated dietary patterns using both factor and cluster analysis. Once dietary patterns were defined, 
analysis was conducted to assess the association between dietary patterns and health.  
 
Health Outcomes: The studies in this body of evidence focus on both endpoint clinical outcomes and CVD risk 
factors (intermediate outcomes). Evidence was organized into the following categories for analysis: cardiovascular 
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disease (CVD), coronary heart disease (CHD), myocardial infarction (MI), stroke and cardiovascular risk factors 
including blood pressure and blood lipid levels including LDL-C, HDL-C, and triglycerides.  
 
Themes 

 
• Nine studies, ranging in size from 1,221 to 64,037 subjects (4 studies with greater than 20,000 subjects) and 

conducted in Europe, Asia, Australia, and North America (two studies conducted in the United States) 
examined dietary patterns and their association with CVD outcomes (table 4-B-II-1). Seven studies (Harriss, 
2007; Heidemann, 2008; Maruyam,a 2012; Menotti, 2011; Nettleton, 2009; Osler, 2001; Shimazu, 2007) used 
factor analysis, one used cluster analysis (Hlebowicz, 2011), one used both cluster and factor analysis 
(Panagiotakos, 2008), and only one study (Heidemann, 2008) analyzed dietary intake beyond the baseline 
measure. Generally, dietary patterns characterized by vegetables, fruits, whole grains, fish, and low-fat dairy 
products were more consistently associated with a decreased risk of CVD, while patterns characterized by red 
and processed meat, sugar-sweetened foods and drinks, and fried foods were somewhat less consistently 
associated with increased risk. The favorable patterns were variously labeled “Mediterranean,” “vegetable,” 
“prudent,” “whole grains and fruit,” “cereals,” “fish and olive oil,” and “Japanese.” The unfavorable patterns 
were labeled as “Western,” “meat,” or “sweets” patterns and were more mixed in results, with no association 
with risk frequently found.   

 
• Ten studies, including a wide range of sample sizes (1,221 to 69,017 subjects, five with less than 7,000 

subjects), conducted in Europe, North America, and Asia, examined dietary patterns and their association with 
CHD outcomes (table 4-B-II-2). Two studies (Brunner, 2008; Farchi, 1989) used cluster analysis, seven used 
factor analysis (Fung, 2001; Guallar-Castillon, 2012; Hu, 2000; Menotti; 2011; Nettleton; 2009; Osler; 2002; 
Shimazu, 2007), and one used both cluster and factor analyses. Association of patterns with favorable and 
unfavorable characteristics with CHD risk was mixed. Favorable patterns were described as “prudent;” 
“healthy;” “evolved Mediterranean;” “bread, cereals, vegetables, fish, potatoes, and oils;” and “whole grains 
and fruit” had an inverse association with CHD, while other patterns described as “prudent” or “healthy” had no 
association with CHD. The same inconsistency was found among unfavorable patterns. Patterns described as 
“Western” were either related to increased CHD risk or had no significant association.  

 
• Two small studies (<6,500 subjects), one conducted in the United States and the other in the United Kingdom, 

and one large study (24,444 subjects) conducted in Sweden, examined the association of dietary patterns with 
fatal and nonfatal myocardial infarction (MI) (table 4-B-II-3). One study used cluster analysis and two studies 
used factor analysis, and all studies assessed dietary intake at baseline only. In general, patterns with favorable 
characteristics were more consistently associated with decreased risk, while the unfavorable patterns 
consistently had no association with fatal and nonfatal myocardial infarction. Favorable patterns were described 
as “healthy,” “Mediterranean-like,” and “whole grains and fruits.” The unfavorable patterns were described as 
“Western/Swedish,” “sweets,” and “fats and processed meat.”   

 
• Four large studies (>35,000) and one small study (1,536 subjects), conducted in Europe, Asia, and North 

America (one large U.S. study, two large Japanese studies), examined the association between dietary patterns 
and incidence of stroke (table 4-B-II-4). Three studies (Fung, 2004; Maruyama, 2012; Shimazu, 2007) used 
factor analysis, one study used cluster analysis (Farchi, 1989), and one (Stricker, 2012) used both. Association 
of patterns with favorable and unfavorable characteristics with incidence of stroke was mixed. Favorable 
patterns described as “dairy product” and “prudent” were found to decrease risk, while patterns described as 
“prudent” and “vegetable” were found not to be associated with risk. Also, a “Japanese” pattern was found to 
decrease stroke risk. One “unhealthy” pattern was associated with increased risk, while two “animal food” 
patterns and a “Western component” pattern had no association with risk.  

 
• Five small studies (ranging from 1,146 to 8,552 subjects), three conducted in the United States (Duffey, 2012; 

Kimokoti, 2012; Schulze, 2003) and two in Europe (Mikkila, 2007; Panagiotakos 2008), assessed the 
association between dietary patterns and lipid levels, blood pressure and/or incidence of hypertension (table 4-
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B-II-5). Three of four studies evaluated an association with HDL, triglyceride, and/or LDL levels and found a 
favorable pattern generally had an inverse association with one or more of these measures. Five studies 
evaluated blood pressure or hypertension. Three of the five found no association between dietary patterns and 
BP, while the remaining two showed a protective effect in consuming a “health-conscious” pattern or a pattern 
characterized by cereals, small fish, hardtack, and olive oil. Although there were some vague signs that favor a 
healthier pattern, the number and size of the studies make it difficult to identify any clear trends.
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Table 4-B-II-1 Summary of Findings 
Dietary patterns identified using factor analysis of cluster analysis (shaded rows) and association with risk of cardiovascular disease (CVD)   

Author, Year, Quality 
Rating, 

Study Design,  
Cohort 

Sample Size, 
Location, 
Duration, 

Dietary Assessment, 
Methodology/No. 

Patterns  

Age, 
% Female,  

Race/Ethnicity, 
Outcome/ 

Comparison 
No. Events 

 
 

Dietary Patterns Associated with Lower 
CVD Risk  

 
 

 
Dietary Patterns with 

No Significant Association 
with CVD 

 

Dietary Patterns Associated with 
Higher CVD Risk  

Harriss et al., 2007 
 
Positive 
 
Prospective Cohort  
 
Melbourne 
Collaborative  

N = 40,653 
 
Australia 
 
10.4 y 
 
112- item FFQ 
 
FA:  4 patterns  
 

40–69 y 
 
59% 
 
24% (Southern European 
immigrants) 
 
CVD mortality, highest vs 
lowest quartile 
 
Mortality: 697  events 
 

• "Factor 1-Mediterranean" (garlic, 
cucumber, olive oil, salad greens, 
capsicum, cooked dried legumes, soups, 
feta and ricotta cheeses, olives, steamed 
fish, and broiled chicken), HR = 0.51 (95% 
CI = 0.30, 0.88), P for trend 0.03 
 

• "Factor 2-Vegetables" (cauliflower, broccoli, 
carrots, cabbage or Brussels sprouts, pumpkin, 
green beans or peas, leafy greens, celery or 
fennel, potato cooked without fat, beetroot, 
zucchini or squash or eggplant, coleslaw, salad 
greens, cucumber, and capsicum), NS 
• "Factor 3-Meat" (beef rissoles, roast beef or 
veal, fried potatoes, beef or veal schnitzel, savory 
pastries, mixed dishes with lamb, fried eggs, beef 
steaks, fried fish, and bacon), NS 
• "Factor 4-Fresh fruit" (apricots, peaches or 
nectarines, plums, cantaloupe or honeydew, 
grapes, watermelon, pears, strawberries, oranges 
or mandarins, figs, apples, and pineapple), NS 

 

Heidemann et al., 
2008 
 
Positive 
 
Prospective Cohort  
 
Nurses' Health Study 

N = 72,113 
 
U.S. 
 
18 y 
 
116- item FFQ 
 
FA:  2 patterns  

48–53 y 
 
100%  
 
97% White 
 
CVD mortality, highest vs 
lowest quintile 
 
Mortality: 1154  events 
 
 
 
 
 
 
 

• "Prudent" (vegetables, fruit, legumes, 
fish, poultry, and whole grains), RR = 0.72 
(95% CI = 0.60, 0.87), P<0.001 
 

 • "Western" (red and processed meats, 
refined grains, French fries, and sweets 
and desserts), RR = 1.22 (95% CI = 1.01, 
1.48), P = 0.009 
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Table 4-B-II-1 Summary of Findings―continued 
Dietary patterns identified using factor analysis of cluster analysis (shaded rows) and association with risk of cardiovascular disease (CVD)   

Author, Year, Quality 
Rating, 

Study Design, 
Cohort 

Sample Size, 
Location, 
Duration, 

Dietary Assessment, 
Methodology/No. 

Patterns 

Age, 
% Female,  

Race/Ethnicity, 
Outcome/ 

Comparison 
No. Events 

Dietary Patterns Associated with Lower 
CVD Risk  

Dietary Patterns with 
No Significant Association 

with CVD 
Dietary Patterns Associated with 

Higher CVD Risk  

Maruyama et al., 2012 
 
Positive 
 
Prospective cohort  
 
Japan Collaborative 
cohort (JACC) Study 

N = 64,037 
 
Japan 
 
Median = 12.6 y 
 
40-item FFQ  
 
FA: 3 patterns  

40–79 y 
 
59%  
 
NR 
 
CVD  mortality and risk, 
highest vs lowest quintile 
 
Mortality:  2311  events 
 

CVD mortality: 
• "Vegetable" (fresh fish, vegetables, 
fungi, potatoes, algae, tofu [soybean curd] 
and fruits)     
Women: HR = 0.67 (95% CI = 0.43, 1.06), 
P for trend 0.05 
Men: NS   
  
CVD risk:   
• "Dairy product" pattern (milk and dairy 
products, butter, margarine, fruits, coffee 
and tea) 
Women: HR = 0.76 (95% CI = 0.61 - 0.94), 
P for trend 0.01 
Men: NS                                                                                                  

 
 
 
 
 
 
 
 
 
CVD risk: 
• "Animal food" (meats, fish, and deep-fried 
foods or tempura), NS for either sex   

 
 

Menotti et al., 2011 
 
Neutral 
 
Prospective cohort  
 
2 rural villages from 
Seven Countries 
Study 

N = 1153 for CHD 
incidence at 20 y 
 
N= 1,221 for mortality 
at 40 y 
 
Italy 
 
Diet History  
 
FA:  3 patterns 
 
 
 

40–59 y 
 
0% Women 
 
NR 
 
CVD incidence and Mortality 
 
CVD incidence: 513 events 

• "Factor 2" (bread, cereals, pasta,  
potatoes, vegetables, fish,  oils),   
 
P values not reported - 
CVD mortality (40 y): HR = 0.87 (95% CI = 
0.78, 0.96)  
 
 

• "Factor 1" (sugar, milk, meat, fruit, pastries, 
cheese), NS 
• "Factor 3" (eggs, alcoholic beverages), NS 
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Table 4-B-II-1 Summary of Findings―continued 
Dietary patterns identified using factor analysis of cluster analysis (shaded rows) and association with risk of cardiovascular disease (CVD)   

Author, Year, Quality 
Rating, 

Study Design, 
Cohort 

Sample Size, 
Location, 
Duration, 

Dietary Assessment, 
Methodology/No. 

Patterns 

Age, 
% Female,  

Race/Ethnicity, 
Outcome/ 

Comparison 
No. Events 

Dietary Patterns Associated with Lower 
CVD Risk 

Dietary Patterns with 
No Significant Association 

with CVD 

Dietary Patterns Associated with 
Higher CVD Risk 

Nettleton et al., 2009 
 
Positive 
 
Prospective cohort 
 
MESA 
 

N = 5.316 
 
U.S. 
 
4.6 y (median of 
follow-up) 
 
120-item FFQ  
 
FA:  4 patterns 

45–84 y 
 
53%  
 
White: 43% 
Black: 24% 
Hispanic: 21% 
Chinese:12% 
 
All CVD (fatal and nonfatal) 
and Hard CVD (incidence);  
highest vs lowest quintile 
 
All CVD: 207 events  
Hard CVD: 139 events 

• "Whole grains and fruit" (whole grains, 
fruit, nuts and seeds, green leafy 
vegetables, and low-fat dairy foods)  
Any CVD (fatal and nonfatal) HR = 0.54 
(95% CI = 0.33, 0.91), P for trend 0.007 
Hard CVD HR = 0.37 (95% CI = 0.19, 
0.72), P for trend 0.002 
 

• "Fats and processed meat" (added fats, 
processed meat, fried potatoes, and desserts), 
NS 
• "Vegetables and fish" (several vegetable 
groups, fish, soup, Chinese foods, red meat, 
poultry, and soy), NS 
• "Beans, tomatoes and refined grains" 
(beans, tomatoes, refined grains, high-fat dairy 
foods, avocado, and red meat), NS 
 

 
 

Osler and Heitmann et 
al., 2001 
 
Neutral 
 
Prospective cohort  
 
Danish WHO-
MONICA survey 

N = 5,871 
 
Denmark 
 
Median = 15 y 
 
28-item FFQ 
 
FA:  2 patterns 
 

30–70 y 
 
49%  
 
NR 
 
CVD mortality, highest vs 
lowest quartile 
 
Mortality: 108  events 

• "Prudent diet" (whole meal cereals, fruit 
and vegetables)  
P values not reported - 
Women: HRRE = 0.87 (95% CI = 0.71, 1.06)  
Men: HRRE = 0.63 (95% CI = 0.44, 0.90) 
 
 

• "Western food" (meat products, butter and 
white bread) pattern (which reflected the primary 
characteristics of traditional Danish main meals), 
NS 
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Table 4-B-II-1 Summary of Findings―continued 
Dietary patterns identified using factor analysis of cluster analysis (shaded rows) and association with risk of cardiovascular disease (CVD)   

Author, Year, Quality 
Rating, 

Study Design, 
Cohort 

Sample Size, 
Location, 
Duration, 

Dietary Assessment, 
Methodology/No. 

Patterns 

Age, 
% Female,  

Race/Ethnicity, 
Outcome/ 

Comparison 
No. Events 

Dietary Patterns Associated with Lower 
CVD Risk 

Dietary Patterns with 
No Significant Association 

with CVD 

Dietary Patterns Associated with 
Higher CVD Risk 

Shimazu et al., 2007 
 
Positive 
 
Prospective cohort  
 
Ohsaki NHI Cohort 

N = 40,547 
 
Japan 
 
7 y 
 
40-item FFQ 
 
FA:  3 patterns 

40–79 y 
 
NR 
 
NR 
 
CVD mortality, highest vs 
lowest quartile 
 
Mortality: 801 events 
 

• "Japanese" pattern (soybean products, 
fish, seaweeds, vegetables, fruits and 
green tea), HR =0.74 (95% CI: 0.59 - 0.91), 
P for trend 0.004 
 
 

• "DFA" pattern [High-dairy (milk and yogurt), 
margarine, fruits and vegetables (carrot, pumpkin 
and tomato)], NS 
 

• "Animal" pattern [Animal-derived 
products (beef, pork, ham, sausage, 
chicken, liver, and butter), coffee and 
alcohol], HR = 1.24 (95% CI: 1.00–1.54), 
P for trend  0.02 
 

Panagiotakos et al., 
2008 
 
Positive 
 
Prospective cohort  
 
ATTICA 
 

N = 3042 
 
Greece 
 
5 y 
 
156-item FFQ 
 
FA:  15 components 

18–89 y 
 
50%  
 
NR 
 
CVD risk (fatal and nonfatal), 
highest vs lowest quintile 
 
Mortality: 170 events 
 

Food components and risk of developing 
CVD (p<0.05) 
• Component 2 (Cereals, small fish, 
hardtack, and olive oil): HR = 0.72 (95% CI 
= 0.52, 1.00) 
• Component 5 (Fruits, vegetables, and 
olive oil): HR = 0.80 (95% CI = 0.66, 0.97) 

Food components and risk of developing CVD, NS 
• Component 1 (Cereals, potatoes, and bread)                                                             
• Component 3 (Poultry)                                                                                   
• Component 4 (Legumes)                                                                                 
• Component 6 (Low fat dairy products)                                                               
• Component 9 (Fish)                                                                                        
• Component 10 (Red meat, pork, and margarine)  
• Components 11 -14 (mainly characterized by 
coffee, tea, nuts [without salt], wild tea, and 
chocolate) 

Food components and risk of developing 
CVD (p<0.05) 
• Component 7 (Sweets, red meat, 
margarine, and nuts with salt): HR = 1.32 
(95% CI = 1.05, 1.66)  
• Component 8 (Cheese and nuts with 
salt): HR = 1.26 (95% CI = 1.01, 1.56 ) 
• Component 15 (Alcoholic beverages): 
HR = 1.26 (95% CI = 0.99, 1.60) 
 

 
CA: 3 groups 
                                                                               
 

 
Group 3 vs Group 1 
 

 Comparator 
• Group 1 (Healthy dietary choices.--increased 
fish, nuts w/o salt, legumes, low-fat dairy, F/V, 
potatoes, cereals, moderate red meat and 
poultry, and less coffee drinking) 

• Group 3 (Unhealthier choices--reduced 
fish, nuts, legumes, dairy, F/V, potatoes, 
cereals, and poultry intake, but increased 
red meat, sweets, and alcohol), HR = 2.0 
(95% CI: 1.12, 3.54) 

 
Group 2 vs Group 3 

 Comparator: 
• Group 3 (Unhealthier choices--reduced fish, 
nuts, legumes, dairy, F/V, potatoes, cereals, and 
poultry intake, but increased red meat, sweets, 
and alcohol) 

• Group 2 (Between healthy and 
unhealthy options--in the middle of the 
other groups in terms of consumption), 
HR = 1.6 (95% CI: 1.02, 2.50) 
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Table 4-B-II-1 Summary of Findings―continued 
Dietary patterns identified using factor analysis of cluster analysis (shaded rows) and association with risk of cardiovascular disease (CVD)   

Author, Year, Quality 
Rating, 

Study Design, 
Cohort 

Sample Size, 
Location, 
Duration, 

Dietary Assessment, 
Methodology/No. 

Patterns 

Age, 
% Female, 

Race/Ethnicity, 
Outcome/ 

Comparison 
No. Events 

Dietary Patterns Associated with Lower 
CVD Risk 

Dietary Patterns with 
No Significant Association 

with CVD 

Dietary Patterns Associated with 
Higher CVD Risk 

Hlebowicz et al., 2011 
 
Neutral 
 
Prospective Cohort  
 
Malmö Diet and 
Cancer CVD 
Programme 

N = 4,999 
 
Sweden 
 
13 y 
 
Dietary history 
 
CA: 6 groups 

45–68 y 
 
59%  
 
NR 
 
CVD risk (fatal and nonfatal,) 
each group versus "Many 
foods and drinks" (MFD) 
 
Incident: 449 events 
 

 Comparator: “Many foods and drinks” (MFD) 
 
HR and p-value not reported: 
• "White bread" (white bread, low-fat margarine, 
high-fat and low-fat meats and sweets)  
•  "Low fat and high fiber" (fruits, low-fat milk, 
both high-fat and low-fat meats and sweets) 
 • "Fiber bread" (fiber-rich bread, meats, sweets, 
fruits, low-fat margarines, and boiled potatoes)   
 

No P values reported 
• "Milk fat" (Bregott [a spread consisting 
of butter and rapeseed oil] cheese, whole 
milk, white bread, and sweets):  
Women: HR = 2.2 (95% CI = 1.09, 4.44) 
Men: HR = 1.18 (95% CI = 0.72, 1.92) 
• "Sweets and cakes" (sugar, sweets, 
jam, cakes, biscuits, and soft drinks):   
Women: HR = 2.14 (95% CI = 1.17, 3.93)  
Men: HR = 1.10 (95% CI = 0.72, 1.71) 
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Table 4 B-II-2 Summary of Findings 
Dietary patterns identified using factor analysis or cluster analysis (shaded rows) and association with risk of coronary heart disease (CHD) 

Author, Year, Quality 
Rating, 

Study Design, 
Cohort 

Sample Size, 
Location, 
Duration, 

Dietary Assessment, 
Methodology/No. 

Patterns 

Age, 
% Female, 

Race/Ethnicity, 
Outcome/ 

Comparison 
No. Events 

 
 

Dietary Patterns  Associated with 
Lower CHD Risk 

 
 

 
Dietary Patterns with 

No Significant Association 
with CHD 

 

Dietary Patterns Associated with 
Higher CHD Risk 

Brunner et al., 2008  
  
Neutral 
 
Prospective cohort  
 
Whitehall II study 
      

N = 6,610 
 
U.K. 
 
15 y 
 
127-item FFQ 
 
 CA: 4 patterns 
 

Mean=50 y 
 
30%  
 
NR 
 
CHD 
 
 
 
 

 Fatal CHD + nonfatal MI 
• “Unhealthy” pattern (white bread, processed meat, 
fries, and full-cream milk) 
Vs:  
 • "Healthy" (fruit, vegetables, whole-meal bread, low-
fat dairy, and little alcohol)  HR = 0.74 (0.53, 1.02),  
P=0.07, NS 
• "Sweet" (white bread, biscuits, cakes, processed 
meat, and high-fat dairy products) HR = 0.81 (0.52, 
1.27), P=0.35, NS 
• "Mediterranean-like" (fruit, vegetables, rice, pasta, 
and wine)  
HR = 0.72 (0.46, 1.12), P=0.15, NS 

 
 

Farchi et al., 1989  
 
Neutral 
 
Prospective Cohort  
 
2 rural villages from 
the Seven Countries 
Study 

N = 1366 
 
Italy 
 
20 y 
 
Dietary History  
 
CA: 4 patterns 
 

45–64 y 
 
0%  
 
NR 
 
CHD mortality. age-adjusted 
death rate 
 
CHD: 168 deaths 
 
  

 
 
 
 

• Cluster 1 (high alcohol intake [one-third of the total 
energy intake], consumption of minimum amount of 
meat, fruit, and cookies), NS 
• Cluster 2 (largest amount of polyunsaturated fatty 
acids [~3 times more than other groups]), NS 
• Cluster 3 (highest consumption of monounsaturated 
and saturated fatty acids, proteins; other nutrients are 
below the mean), NS 
 • Cluster 4 (largest consumption of carbohydrates 
[~of total energy], proteins, vegetables, and starchy 
foods), NS 
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Table 4 B-II-2 Summary of Findings―continued 
Dietary patterns identified using factor analysis or cluster analysis (shaded rows) and association with risk of coronary heart disease (CHD) 

Author, Year, Quality 
Rating, 

Study Design, 
Cohort 

Sample Size, 
Location, 
Duration, 

Dietary Assessment, 
Methodology/No. 

Patterns 

Age, 
% Female, 

Race/Ethnicity, 
Outcome/ 

Comparison 
No. Events 

Dietary Patterns  Associated with 
Lower CHD Risk 

 

Dietary Patterns with 
No Significant Association 

with CHD 
 

Dietary Patterns Associated with 
Higher CHD Risk 

Fung et al., 2001 
 
Positive 
 
Prospective Cohort  
 
Nurses' Health Study 

N = 69,017 
 
U.S. 
 
12 y 
 
116-item  FFQ 
 
FA:  2 patterns 
 

38–63 y  
 
100% 
 
NR 
 
CHD risk, highest vs lowest 
quintile 
 
Incident CHD (Fatal CHD + 
nonfatal MI): 821 cases 

• "Prudent" (higher intakes of fruit, 
vegetables, whole grains, legumes, 
fish, and poultry), RR = 0.76 (95% 
CI = 0.60, 0.98), P for trend 0.03 
 

 
 

• "Western" (higher intakes of refined 
grains, red and processed meats, 
desserts, high-fat dairy products, and  
French fries), RR = 1.46 (95% CI = 1.07, 
1.99), P for trend 0.02 

CHD risk, highest "prudent" 
score vs lowest "Western" 
score 

 Test for interaction between the Prudent and Western 
patterns was NS 

 

Guallar-Castillón et 
al., 2012 
 
Positive 
 
Prospective Cohort  
 
EPIC study 

N = 40,757 
 
Spain 
 
11 y 
 
Diet History 
 
FA:  2 patterns 

29–69 y 
 
62% 
 
NR 
 
CHD mortality and 
morbidity,  lowest vs highest 
quintile 
 
CHD: 606 events 
 
 
 
 
 

• "Evolved Mediterranean" 
(frequent intake of plant-based 
foods and olive oil), HR = 0.73 (95% 
CI = 0.57, 0.94); P for trend 0.0013 
  

• "Westernized" (frequent consumption of refined 
cereals and red meats), NS 
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Table 4 B-II-2 Summary of Findings―continued 
Dietary patterns identified using factor analysis or cluster analysis (shaded rows) and association with risk of coronary heart disease (CHD) 

Author, Year, Quality 
Rating, 

Study Design, 
Cohort 

Sample Size, 
Location, 
Duration, 

Dietary Assessment, 
Methodology/No. 

Patterns 

Age, 
% Female, 

Race/Ethnicity, 
Outcome/ 

Comparison 
No. Events 

Dietary Patterns  Associated with 
Lower CHD Risk 

 

Dietary Patterns with 
No Significant Association 

with CHD 
 

Dietary Patterns Associated with 
Higher CHD Risk 

Hu FB et al., 2000 
 
Positive 
 
Prospective Cohort  
 
Health Professionals 
Follow-up Study 
(HPFS) 

N = 44,875 
 
U.S. 
 
8 y 
 
131-item FFQ 
 
FA:  2 patterns                                                             

40–75 y  
 
0%  
 
NR 
Fatal CHD and nonfatal MI,  
lowest vs highest quintile 
 
Fatal CHD: 359 events 
Non-fatal MI: 730 events 

                                                                                              
 
 

• "Prudent" (high intake of vegetables, fruits, 
legumes, whole grains, fish, and poultry), NS 

• "Western" (high intake of processed 
meat, red meat, high-fat dairy products, 
refined grains, French fries, sweets and 
desserts), RR = 1.64 (95% CI = 1.24, 
2.17), P for trend < 0.0001 
Further adjusted for dietary cholesterol, 
saturated fat, and trans fat, RR = 1.43 
(95% CI = 1.01, 2.01), P for trend < 0.004 

Menotti et al., 2011 
 
Neutral 
 
Prospective cohort  
 
2 rural villages from 
Seven Countries 
Study 

N = 1,221 
 
Italy 
 
CHD 20 y    
CHD/CVD 40 y 
 
Diet History 
 
FA:  3 patterns    

40–59 y 
 
0%   
 
NR 
 
Fatal CHD, fatal and 
nonfatal MI 
 
CHD incidence: 185 events 
CHD mortality: 187 events 

Fatal CHD + fatal and nonfatal MI 
at 20 y: 
• "Factor 2" (bread, cereals, 
vegetables, fish, potatoes, oils:  
HR = 0.88 (95% CI = 0.73, 0.96)  
 
CHD mortality at 40 y 
• "Factor 2" (bread, cereals, 
vegetables, fish, potatoes, oils),  
HR = 0.79 (95% CI = 0.66, 0.95)   

Fatal CHD + fatal and nonfatal MI at 20 y: 
• "Factor 1" (sugar, milk, meat, fruit, pastries, 
cheese): HR = 1.12 (95% CI = 0.95, 1.31), NS 
• "Factor 3" (eggs, alcoholic beverages): 
HR = 1.02 (95% CI =  0.87, 1.19), NS  
 
CHD mortality at 40 y: 
• "Factor 1" (sugar, milk, meat, fruit, pastries, 
cheese): HR =0.87 (95% CI = 0.76, 1.01), NS 
• "Factor 3" (eggs, alcoholic beverages), HR = 1.17 
(95% CI = 0.97, 1.40), NS 
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Table 4 B-II-2 Summary of Findings―continued 
Dietary patterns identified using factor analysis or cluster analysis (shaded rows) and association with risk of coronary heart disease (CHD) 

Author, Year, Quality 
Rating, 

Study Design, 
Cohort 

Sample Size, 
Location, 
Duration, 

Dietary Assessment, 
Methodology/No. 

Patterns 

Age, 
% Female, 

Race/Ethnicity, 
Outcome/ 

Comparison 
No. Events 

Dietary Patterns  Associated with 
Lower CHD Risk 

Dietary Patterns with 
No Significant Association 

with CHD 

Dietary Patterns Associated with 
Higher CHD Risk 

Nettleton et al., 2009 
 
Positive 
 
Prospective cohort  
 
MESA 

N = 5,316 
 
U.S. 
 
Median = 4.6 y 
 
120-item FFQ  
 
FA:  4 patterns 
 

45–84 y 
 
53%  
 
White: 43% 
Black: 24% 
Hispanic: 21% 
Chinese: 12% 
 
Lowest vs highest quintile 
 
Hard CHD (MI + 
Resuscitated cardiac arrest 
+ CHD death, 87 events  
 
All CHD (Hard CHD + 
definite angina + probable 
angina): 150 events 

• "Whole grains and fruit" (whole 
grains, fruit, nuts and seeds, green 
leafy vegetables, and low-fat dairy 
foods):   
 
Hard CHD: HR = 0.35 (95% CI = 
0.14, 0.85), P for trend 0.01 
 
All CHD: HR = 0.63 (95% CI = 
0.34, 1.16), P for trend 0.05 

Stated in narrative, analysis not shown: 
• "Fats and processed meat" (added fats, processed 
meat, fried potatoes, and desserts), NS 
• "Vegetables and fish" (several vegetable groups, 
fish, soup, Chinese foods, red meat, poultry, and soy), 
NS 
• "Beans, tomatoes and refined grains" (beans, 
tomatoes, refined grains, high-fat dairy foods, 
avocado, and red meat), NS 
 
 

 

Osler and Andreasen 
et al., 2002 
 
Positive 
 
Prospective cohort 
study 
 
Danish WHO-
MONICA survey  

N = 5,834 
 
Denmark 
 
Median = 15 y 
 
26-item FFQ 
 
FA:  2 patterns 

30–70 y 
 
49%  
 
NR 
 
CHD mortality and 
morbidity, 280 events  
 
CHD  
 
 
 

 • "Prudent food" (whole meal breads), HR = 1.06 
(95% CI = 0.93, 1.21), NS  
 
• "Western food" (meat, sausages, potatoes, butter 
and white bread), HR = 0.97 (95% CI = 0.85, 1.10), 
NS 
 

 

 



  

Dietary Patterns   130 

 

 

 

Table 4 B-II-2 Summary of Findings―continued  
Dietary patterns identified using factor analysis or cluster analysis (shaded rows) and association with risk of coronary heart disease (CHD) 

Author, Year, Quality 
Rating, 

Study Design, 
Cohort 

Sample Size, 
Location, 
Duration, 

Dietary Assessment, 
Methodology/No. 

Patterns 

Age, 
% Female, 

Race/Ethnicity, 
Outcome/ 

Comparison 
No. Events 

Dietary Patterns  Associated with 
Lower CHD Risk 

Dietary Patterns with 
No Significant Association 

with CHD 

Dietary Patterns Associated with 
Higher CHD Risk 

Shimazu et al., 2007 
 
Positive 
 
Prospective cohort  
 
Ohsaki NHI Cohort 

N = 40,547 
 
Japan 
 
7 y 
 
40-item FFQ 
 
FA:  3 patterns 

40–79 y 
 
NR 
 
NR 
 
CHD  mortality,  highest vs 
lowest quartile 
 
CHD: 181  

 CHD  mortality: 
• "Japanese" (soybean products, fish, seaweeds, 
vegetables, fruits and green tea), HR =0.82 (95% CI: 
0.52–1.29), P for trend 0.29, NS 
 
 

CHD  mortality: 
• "Animal" [Animal-derived products 
(beef, pork, ham, sausage, chicken, liver, 
and butter), coffee and alcohol], HR = 
1.50 (95% CI: 0.95–2.37), P for trend  
0.05 

 

Stricker et al., 2011 
 
Positive 
 
Prospective cohort  
 
EPIC-NL cohort 

N = 35,910 
 
The Netherlands 
 
13 y 
 
79-item FFQ 
 
FA:  2 patterns 
 
 
 

20–69 y 
 
NR 
 
NR 
 
CHD mortality and morbidity, 
lowest vs highest quartile 
 
CHD: 1,843 cases 

 
 

• "Prudent" (high intakes of fish and shellfish, raw 
vegetables, wine, and high-fiber cereals and low 
consumption of potatoes): HR = 0.87 (95% CI = 0.75, 
1.00), P trend = 0.058 
• "Western" [high consumption of French fries, fast 
food (spring rolls, Russian salad, pizza, and Dutch 
fried meat snack), low-fiber products, and different 
drinks and low on fruit and vegetables and low-fat 
dairy products]: HR = 0.91 (95% CI = 0.76, 1.08), P 
trend = 0.342, NS 

 

 
CA:  2 patterns 

K-means cluster analysis, 
"Prudent" vs "Western" 
cluster 

 • "Prudent" (high intakes of fish and shellfish, raw 
vegetables, wine, and high-fiber cereals and low 
consumption of potatoes), HR = 0.93 (95% CI = 
0.85,1.02) 
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Table 4-B-II-3 Summary of Findings 
Dietary patterns identified using factor analysis or cluster analysis (shaded rows) and association with risk of myocardial infarction (MI) 

Author, Year, 
Quality Rating, 
Study Design,  

Cohort 

Sample Size, 
Location, 
Duration, 

Dietary Assessment, 
Methodology/No. 

Patterns  

Age, 
% Female,  

Race/Ethnicity, 
Outcome/ 

Comparison 
No. Events 

 
 

Dietary Patterns Associated with Lower MI Risk  
 
 

 
Dietary Patterns with 

No Significant Association 
with MI 

 

Dietary Patterns 
Associated with 
Higher MI Risk  

Akesson et al., 
2007 
 
Positive 
 
Prospective cohort  
 
Swedish 
Mammography 
Cohort 

N = 24,444 
 
Sweden 
 
6.2 years 
 
96-item FFQ 
 
FA: 4 patterns 

48–83 y 
 
100%  
 
NR 
 
MI (fatal and non fatal), 
lowest vs highest quintile 
 
MI: 308 cases 

• "Healthy" (vegetables, fruits, and legumes),  RR = 1.71 
(95% CI = 1.14, 2.55), P for trend 0.004 
 
• "Alcohol" (wine, liquor, beer, and some snacks), RR = 
1.64 (95% CI = 1.09, 2.47), P for trend 0.002 
 
 

• "Western/Swedish" (red meat, processed meat, 
poultry, rice, pasta, eggs, fried potatoes, and fish), 
NS 
• "Sweets" (sweets baked goods, candy, 
chocolate, jam, and ice cream), NS 
 
  

 

Brunner et al., 2008  
  
Neutral 
 
Prospective cohort  
 
Whitehall II study 

N = 7,731 
N for MI = 7033 
 
U.K. 
 
15 y 
 
127-item FFQ 
 
CA:  4 patterns 

Mean=50 
 
30.25%  
 
NR 
 
Fatal CHD and non-fatal 
MI event rates 
 
MI: 229 events 

 Comparator: 
• "Unhealthy" (white bread, processed meat, fries, 
and full-cream milk)  
vs. 
• "Mediterranean-like" (fruit, vegetables, rice, 
pasta, and wine), NS    
• "Healthy" (fruit, vegetables, whole-meal bread, 
low-fat dairy, and little alcohol) NS 
• "Sweet" (white bread,  biscuits, cakes, processed 
meat, and high-fat dairy products), NS 

 

Nettleton et al., 
2009 
 
Positive 
 
Prospective cohort  
 
MESA  

N = 5,316 
 
U.S. 
 
Median = 4.6 y 
 
120-item FFQ  
 
FA:  4 patterns 
 

45–84 y 
 
53%  
 
White: 43% 
Black: 24% 
Hispanic: 21% 
Chinese: 12% 
 
MI (fatal and nonfatal), 
highest vs lowest quintile 
 
MI: 72 events 

• "Whole grains and fruit" (whole grains, fruit, nuts and 
seeds, green leafy vegetables, and low-fat dairy foods),  
HR = 0.34 (95% CI = 0.12, 0.94), P for trend 0.03 

Stated in narrative, analysis not shown: 
• "Fats and processed meat" (added fats, 
processed meat, fried potatoes, and desserts), NS 
• "Vegetables and fish" (several vegetable 
groups, fish, soup, Chinese foods, red meat, 
poultry, and soy), NS 
• "Beans, tomatoes and refined grains" (beans, 
tomatoes, refined grains, high-fat dairy foods, 
avocado, and red meat), NS 
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Table 4-B-II-4 Summary of Findings 
Dietary patterns identified using factor analysis or cluster analysis (shaded rows) and association with risk of stroke 

Author, Year, 
Quality Rating, 
Study Design,  

Cohort 

Sample Size, 
Location, 
Duration, 

Dietary Assessment, 
Methodology/No. 

Patterns  

Age, 
% Female,  

Race/Ethnicity, 
Outcome/ 

Comparison 
No. Events 

 
 

Dietary Patterns Associated with  
Lower Stroke Risk  

 
 

 
Dietary Patterns with 

No Significant Association 
with Stroke 

 

Dietary Patterns Associated with  
Higher Stroke Risk  

Farchi et al., 1989 
 
Neutral 
 
Prospective Cohort 
 
2  rural villages 
from Seven 
Countries Study 

N = 1,536 
 
Italy 
 
20 y 
 
Dietary History  
 
CA:  patterns 
 

45–64 y 
 
0%  
 
NR 
 
Stroke, age-adjusted death 
rate 
 
Stroke: 89 events 

• Cluster 2 (largest amount of 
polyunsaturated fatty acids [about 3 times 
more than in other groups]),  
Age-adjusted death rate: 5.4±2.0  
 
• Cluster 4 (largest consumption of 
carbohydrates [~of total energy], proteins, 
vegetables, and starchy foods),   
Age-adjusted death rate: 5.5±1.0 
 

• Cluster 1 (high alcohol intake [one-third of 
the total energy intake], consumption of 
minimum amount of meat, fruit, and 
cookies), Age-adjusted death rate: 
8.7±1.7  
 
• Cluster 3 (highest consumption of 
monounsaturated and saturated fatty acids, 
proteins; other nutrients are below the 
mean),  Age-adjusted death rate: 7.4±1.5  
 
Stroke rates ± SEM (%), P<0.005  for 
Breslow test for equality of survival curves  

 

Fung et al., 2004 
 
Positive 
 
Prospective Cohort  
 
Nurses' Health 
Study 

N = 71,768 
 
U.S. 
 
14 y 
 
116-item FFQ 
 
FA:  2 patterns 

38–63 y 
 
100%  
 
NR 
 
Stroke, highest vs lowest 
quintile 
 
Stroke: 791 incidents 

 • "Prudent" (higher intakes of fruit, 
vegetables, whole grains, fish, and poultry), 
NS 

• "Western" (higher intakes of red and 
processed meats, refined grains, full-fat 
dairy products, and desserts and sweets),  
women: RR = 1.58 (95% CI = 1.15, 2.15),  
P for trend 0.0002 

Maruyama et al., 
2012 
 
Positive 
 
Prospective cohort  
 
Japan 
Collaborative 
cohort   

N = 64,037 
 
Japan 
 
Median = 12.6 y 
 
40-item FFQ 
 
FA: 3 patterns                                                                  

40–79 y 
 
58%  
 
NR 
 
Stroke, highest vs lowest 
quintiles 
 
Stroke: men=578 cases;  
women=499 cases  

• "Dairy product" (milk and dairy products, 
butter, margarine, fruits, coffee and tea);   
men: HR = 0.65 (95% CI = 0.49 - 0.86);  
P for trend = 0.01;  
women: HR = 0.70 (95% CI = 0.51, 0.97),  
P for trend = 0.02 
 

• "Vegetable" (fresh fish, vegetables, fungi, 
potatoes, algae, tofu [soybean curd] and 
fruits), NS                                                                                                                                
• "Animal food" (meats, fish, and deep-fried 
foods or tempura), NS  
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Table 4-B-II-4 Summary of Findings―continued 
Dietary patterns identified using factor analysis or cluster analysis (shaded rows) and association with risk of stroke 

Author, Year, 
Quality Rating, 
Study Design,  

Cohort 

Sample Size, 
Location, 
Duration, 

Dietary Assessment, 
Methodology/No. 

Patterns 

Age, 
% Female,  

Race/Ethnicity, 
Outcome/ 

Comparison 
No. Events 

Dietary Patterns Associated with  
Lower Stroke Risk  

Dietary Patterns with 
No Significant Association 

with Stroke 

Dietary Patterns Associated with  
Higher Stroke Risk 

Shimazu et al., 
2007 
 
Positive 
 
Prospective cohort  
 
Ohsaki NHI Cohort 

N = 40,547 
 
Japan 
 
7 y 
 
40-item FFQ 
 
FA:  3 patterns 

40–79 y 
 
NR 
 
NR 
 
Stroke, highest vs lowest 
quartile 
 
Stroke: 432  

• "Japanese" (soybean products, fish, 
seaweeds, vegetables, fruits and green tea),  
HR = 0.64 (95% CI: 0.48–0.86), P for trend 
0.004 

• "Animal" [Animal-derived products (beef, 
pork, ham, sausage, chicken, liver, and 
butter), coffee and alcohol], NS 

 

Stricker et al., 2011 
 
Positive 
 
Prospective cohort  
 
EPIC-NL cohort 
 

N = 35,910 
 
The Netherlands 
 
13 y 
 
79-item FFQ 
 
FA: 2 patterns 
 

20–69 y 
 
NR 
 
NR 
 
Stroke, lowest vs highest 
quartile 
 
Stroke: 588 cases 

• "Prudent" (high intakes of fish and shellfish, 
raw vegetables, wine and high-fiber cereals 
and low consumption of potatoes), HR = 
0.69 (95% CI = 0.53,0.88), P trend = 0.002 

• "Western" [high consumption of  French 
fries, fast food (spring rolls, Russian salad, 
pizza and Dutch fried meat snack), low-fiber 
products, and different drinks and low on 
fruit and vegetables and low-fat dairy 
products], NS 

 

 

CA: 2 patterns 

k-means cluster analysis, risk 
of stroke, Prudent" vs. 
"Western" cluster 

• "Prudent" (high intakes of fish and shellfish, 
raw vegetables, wine and high-fiber cereals 
and low consumption of potatoes, HR = 0.82 
(95% CI = 0.69,0.97) 

Comparator: 
• "Western" [high consumption of  French 
fries, fast food (spring rolls, Russian salad, 
pizza and Dutch fried meat snack), low-fiber 
products, and different drinks and low on 
fruit and vegetables and low-fat dairy 
products] 
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Table 4-B-II-5 Summary of Findings 
Dietary patterns identified using factor analysis or cluster analysis (shaded rows) and association with blood pressure and blood lipid measurements 

Author, Year, Quality 
Rating, 

Study Design,  
Cohort 

Sample Size, 
Location, 
Duration, 
Dietary 

Assessment, 
Methodology/No. 

Patterns  

Age, 
% Female,  

Race/Ethnicity, 
Outcome/ 

Comparison 
No. Events 

 
 

Dietary Patterns Associated with Favorable Blood 
Lipids or Blood Pressure  

 
 

Dietary Patterns with 
No Significant Association 

Blood Lipids or Blood Pressure  

Dietary Patterns Associated with 
Unfavorable Blood Lipids or Blood 

Pressure 

Duffey et al., 2012 
 
Neutral 
 
Prospective  
cohort  
 
CARDIA study 

N = 4,161 
 
U.S. 
 
20 y 
 
Dietary History  
 
CA:  2 patterns 

18–30 y 
 
59%  
 
NR 
 
Lipids and BP  
 

"Prudent diet" (fruit, milk, yogurt, cheese, nuts, seeds, 
fish, and whole grains) vs  
Comparator - "Western diet" (meats, poultry, refined 
grains, soda, fast food, fruit drinks, egg and egg dishes, 
legumes, and snacks) 
Low HDL-C: HR = 0.87 (95% CI: 0.75, 0.99), P<0.05 

"Prudent diet" (fruit, milk, yogurt, cheese, 
nuts, seeds, fish, and whole grains) vs. 
Comparator - "Western diet" (meats, 
poultry, refined grains, soda, fast food, fruit 
drinks, egg and egg dishes, legumes, and 
snacks). 
High TGs: HR = 0.80(95% CI: 0.61, 1.05), 
NS 
High BP: HR = 1.14 (95% CI: 0.87, 1.51), NS 

 

Kimokoti et al., 2012 
 
Positive 
 
Prospective cohort  
 
Framingham 
Offspring/Spouse cohort 

N = 1,146 
 
U.S. 
 
7 y 
 
FFQ (145-items) 
 
FA:  5 patterns                                                    

25–77 y 
 
100%  
 
NR 
 
Lipids and BP 
 
 

 No pattern was associated with elevated 
BP, hypertriglyceride or HDL-C 
• "Heart healthier" (vegetables, fruits, 
legumes, fish, whole grain, low-fat dairy milk). 
• "Lighter eating" (fattier poultry and beer).    
•"Wine and moderate eating" (wine, organ 
meats, eggs, high-fat dairy, and snack foods).  
• "Higher fat" (sweets and animal fats, 
refined grains, soft margarine, oils, diet 
beverages, and desserts). 
 • "Empty calorie" (sweetened beverages, 
meat, mixed dishes and desserts). 

 

Mikkilä et al., 2007 
 
Positive 
 
Prospective cohort  
 
Cardiovascular Risk in 
Young Finns  Study 
 

N = 1,768 
 
Finland 
 
21 y 
 
48-hour recall 
 
FA:  2 patterns 

3–18 y 
 
NR 
 
NR 
 
Lipids and BP  
(b indicates the changed 
in predicted z-score for 
outcome variable per unit 
increase in the pattern 
score) 

"Health-conscious" pattern (high consumption of 
vegetables, fruit, root vegetables, fish, legumes and 
nuts, tea, rye, cheese and other dairy products, and 
alcoholic beverages). 
 
LDL cholesterol: 
Women: b = -0.07 (0.03); P=0.01 
Men: b = 0.03 (0.02); NS 

 "Traditional" pattern (high 
consumption of potatoes, sausages, 
milk, coffee, rye, and butter).     
 
LDL-C:  
Women: b = 0.08 (0.03), P < 0.01 
Men: b = 0.07 (0.02), P<0.01 
  
SBP: 
Women: b= 0.08 (0.03), P=0.02 
Men: b= 0.02 (0.03), NS 

 



  

Dietary Patterns   135 

 

 

Table 4-B-II-5 Summary of Findings―continued 
Dietary patterns identified using factor analysis or cluster analysis (shaded rows) and association with blood pressure and blood lipid measurements 

Author, Year, Quality 
Rating, 

Study Design, 
Cohort 

Sample Size, 
Location, 
Duration, 
Dietary 

Assessment, 
Methodology/No. 

Patterns 

Age, 
% Female,  

Race/Ethnicity, 
Outcome/ 

Comparison 
No. Events 

Dietary Patterns Associated with Favorable Blood 
Lipids or Blood Pressure  

Dietary Patterns with 
No Significant Association 

Blood Lipids or Blood Pressure 

Dietary Patterns Associated with 
Unfavorable Blood Lipids or Blood 

Pressure 

Panagiotakos et al., 2008 
 
Positive 
 
Prospective cohort  
 
ATTICA 

N = 3,042 
 
Greece 
 
5 y 
 
FFQ (156-item) 
 
FA: 15 components                                                             

18–89 
 
50% 
 
NR 
 
Lipids and BP 

• Component 2 (Cereals, small fish, hardtack, and 
olive oil) : 
    SBP: r = - 0.09, p=0.007 
    LDL-C: r = - 0.05, p=0.01 
    HDL-C: r = 0.06, p=0.002 
 
• Component 15: (alcoholic beverages intake) 
    SBP:  r = 0.15, p=0.01 
    DBP: r = 0.09, p=0.06 

 • Component 7 (Sweets, red meat, 
margarine, and nuts with salt):  
   SBP: r = 0.15, p=0.01 
   DBP: r=0.13, p=0.02 
 
• Component 8 (Cheese and nuts with 
salt): 
    SBP: r = 0.13, p=0.03 
    DBP: r = 0.13, p=0.03 
 

 
 
 
 
 
 
CA:  3 patterns 
 

Group 1 vs  
Group 3 
 
Lipids 

• Group 1 (Healthy dietary choices—increased fish, 
nuts w/o salt, legumes, low-fat dairy, F/V, potatoes, 
cereals, moderate red meat and poultry, and less 
coffee drinking)  
Low LDL 39% (±8%), p < 0.001 

 
 

• Group 3 (Unhealthier choices—
reduced fish, nuts, legumes, dairy, F/V, 
potatoes, cereals, and poultry intake, 
but increased red meat, sweets, and 
alcohol)       

Group 2 vs 
Group 3 
 

• Group 2 (Between healthy and unhealthy options--in 
the middle of the other groups in terms of consumption) 
Low LDL 22% (±5%), p < 0.01 

 

 • Group 3 (Unhealthier choices—
reduced fish, nuts, legumes, dairy, F/V, 
potatoes, cereals, and poultry intake, 
but increased red meat, sweets, and 
alcohol)                                                                                                                                                                                                                                                                                                                             

Schulze et al., 2003 
 
Positive 
 
Prospective cohort  
 
EPIC- Potsdam   

N = 8,552 
 
U.S. 
 
2–4  y 
 
FFQ (148-item) 
 
FA: 2 patterns 
 

35–64 y 
 
100%  
 
NR 
 
Risk of  hypertension 
 
HTN Incidence: 
123 cases 

 • "Traditional cooking" (meat, cooked 
vegetables, sauce, potatoes, and poultry), 
NS 
 • "Fruits and vegetables" (fruits, raw 
vegetables, and vegetable oil), NS 

 

  



  

Dietary Patterns      136 

 

Qualitative Assessment of the Collected Evidence  
Quality and Quantity 
This review includes 22 prospective cohort studies, which examine the relationship between dietary patterns and 
CVD incidence or mortality (9 studies); CHD morbidity and mortality (10 studies); fatal and nonfatal MI (3 studies); 
stroke incidence and mortality (5 studies); and blood pressure, hypertension, and lipid levels (5 studies). Sixteen of 
22 studies were found to be of positive quality, indicating a low risk of bias and random error. The other six studies 
received a neutral quality rating.    
 
Consistency 
In general, favorable associations with CVD risk were seen in dietary patterns characterized by high consumption of 
vegetables, fruits, legumes, whole grains, fish, and low-fat dairy, and other foods. Dietary patterns showing some 
times unfavorable associations with CVD risk were described as unhealthy or Western and were in general 
characterized by high intake of red meat, processed meat, deep-fried foods, sugar-sweetened foods and drinks, and 
refined grains. No clear pattern of association was identified between dietary patterns and risk for coronary heart 
disease. In addition, the number, design, size of studies, and variation in patterns identified make it difficult to 
identify trends related to myocardial infarction, stroke, and measures of blood lipids and blood pressure. 
 
Impact 
The studies evaluated varied with regard to dietary assessment methods. Patterns using the same naming convention 
may contain very different foods or groups of foods and patterns, making it difficult to draw conclusions. Variations 
in the number of study subjects and subjective decisions involved in deriving and retaining factors and clusters for 
analysis likely influence power and the ability to detect associations.  
 
Generalizability/External Validity  
All studies but one (Mikkilä, 2007) recruited adult population, and both men and women were well represented.  
Studies were conducted in Europe, North America, Asia, and Australia, and populations were primarily Whites.  
Ethnicity and socioeconomic status were often not reported or included in analyses. Subsequently, the conclusion for 
this review is limited to White adults.  
 
 
Limitations of the Evidence 

• Most longitudinal studies included only baseline measure of dietary intake and did not account for changes to 
subjects’ diets, availability and variations in the food supply, which may have influenced the food components 
of patterns.  

• Variations in the number and type of food groupings and definitions and naming conventions found in the 
review are not easily comparable and factors with the same naming convention (e.g., “vegetable” or “healthy”) 
may include somewhat different foods or groups of foods with varying factor loadings.  

• Differences in the statistical analysis approaches used to derive and retain factors and clusters influences power 
and the ability to detect an association.  

• Patterns derived from factor analysis and cluster analyses were analyzed differently. In factor analysis, “high” 
scores were generally compared with “low” scores of the same pattern, though it was not clear what 
characteristic differences there were in a “high” versus “low” score factor. In cluster analysis, one cluster was 
compared with another one, making it difficult to interpret results together. 

 
Research Recommendations 

• Evaluate and standardize methods used to assess, organize, aggregate, and adjust food variables to facilitate 
interpretation of findings across studies. 

• Additional research is needed to examine if and how gender, age, SES, and ethnicity might influence the 
relationship between dietary patterns and cardiovascular disease risk. 

• Explore the characteristics of dietary patterns beyond food choice, such as timing and frequency of meals, meal 
sizes, and eating occasions. 
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Section III:  Reduced Rank Regression Analysis  
By Thomas V. Fungwe and Julie E. Obbagy 
 
What is the relationship between adherence to dietary guidelines/recommendations or specific 
dietary patterns, assessed using reduced rank regression analysis, and cardiovascular 
disease? 

 
 

TECHNICAL ABSTRACT 
Background 
The goal of this systematic review project is to identify patterns of food and beverage intake that promote health and 
prevent disease. Historically, most dietary guidance has been based on research conducted on individual food 
components or nutrients. Dietary patterns are defined as the quantities, proportions, variety, or combination of 
different foods, drinks, and nutrients (when available) in diets, and the frequency with which they are habitually 
consumed. Reduced rank regression (RRR) is a statistical method that determines dietary patterns (combinations of 
food intake) that explain as much variation as possible among a set of response variables related to a health outcome 
of interest. It is an a posteriori method since it uses both existing evidence and exploratory statistics. The objective 
of this systematic review was to assess the relationship between patterns of food and beverage intake identified 
using reduced rank regression, and risk for cardiovascular disease.  
 
Conclusion Statement  
Insufficient evidence, due to a small number of studies, was available to examine the relationship between dietary 
patterns derived using reduced rank regression and risk of cardiovascular disease. The disparate nature of the 
methods used made it difficult to compare results, and therefore, no conclusions were drawn. (Grade: Not 
Assignable) 
 
Methods  
Literature searches were conducted using PubMed, Embase, Navigator (BIOSIS, CAB Abstracts, and Food Science 
and Technology Abstracts), and Cochrane databases to identify studies that evaluated the association between 
dietary patterns derived using reduced rank regression analysis and risk of cardiovascular disease (CVD). Studies 
that met the following criteria were included in the review: Human subjects; Ages: 2 years and older; Populations: 
Healthy and those with elevated chronic disease risk; individuals with chronic disease; published in English in a 
peer-reviewed journal; Sample size: Minimum of 30 subjects per study arm; Dropout rate less than 20 percent; 
Study assesses dietary intake using reduced rank regression analysis; study considered cardiovascular disease and 
risks of  cardiovascular disease; subjects from countries with high or very high human development (based on the 
2011 Human Development Index). The date range for the conduct of the studies was unlimited. 
 
The results of each included study were summarized in evidence worksheets (including a study quality rating) and 
evidence table. A group of subject matter experts were involved in a qualitative synthesis of the body of evidence, 
development of a conclusion statement, and assessment of the strength of the evidence (grade) using pre-established 
criteria including evaluation of the quality, quantity and consistency, magnitude of effect, and generalizability of 
available evidence.  
 
Findings  

• Four prospective cohort studies examined dietary patterns derived using reduced rank regression analysis and 
their association with CVD risks and incidence. The studies ranged in size from 981 to 26,238 subjects, and one 
study each was conducted in the United States, United Kingdom, and Germany, and one included subjects from 
Europe.  The follow-up for these studies ranged in duration from 6 to 25 years.   
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• Comparison across studies was limited by the small number of studies, differences in methodologies used, and 
in the populations studied. Therefore no conclusions were drawn.  

• More U.S. population-based research is needed to examine dietary patterns and risk of cardiovascular disease 
using reduced rank regression, preferably with more consistent methods and response variables.   

 
Discussion  
The ability to draw a gradable conclusion was limited due to the following issues: 
• Three out of the four studies used biomarkers and the fourth study used nutrients as response variables in the 

reduced rank regression analyses. Among the three studies that used biomarkers as response variables, there 
were differences in the type of biomarkers chosen, leading to the identification of dietary patterns that differed 
from study to study. One study used change in BMI, mean arterial pressure, total cholesterol, HDL-cholesterol, 
triglycerides (mg/dl), fasting glucose, and uric acid. The second study used C-reactive protein, Interleukin (IL)-
6, and Interleukin (IL)-18, while the third study used total cholesterol, HDL cholesterol, and triglycerides. The 
fourth study used nutrients, including total fat, total carbohydrate, and fiber, as response variables. Because the 
dietary patterns described in each study are directly linked to response variables chosen, the variation in the 
response variables used means that the resulting dietary patterns may not be comparable. 

• Dietary assessment methods were different across the studies. One study used 3-day diet records; another used a 
self-administered FFQ; a third used a 127-item validated FFQ, and the fourth study used a 7-day dietary record. 
It is unclear what impacts different dietary assessment methods have on the derivation of dietary patterns using 
reduced rank regression. 

• The studies were not consistent in their use of confounders in analyses. In particular, physical activity was not 
included as a confounder in the analyses by one study, and another did not include smoking as a confounder.  

• The studies were conducted in different countries, representing populations in different regions of the world, 
which limited the ability to compare and interpret the results due to potential differences in dietary patterns 
between these regions. From that perspective, the results may not be generalizable to some U.S. populations.  
 

 
PLAIN LANGUAGE SUMMARY 

 
Combinations of food intake (assessed using reduced rank regression) that explain the most 

variation in risk of cardiovascular disease 

Researchers have previously looked at the relationship between individual foods and nutrients and health. Today, 
there is interest in looking at how combinations of foods and beverages intake, or dietary patterns, influence health 
by applying different scientific methods. A statistical method called reduced rank regression analysis can be used to 
describe the patterns of foods and beverages people eat based on a set of “response variables” that are known to be 
related to the health outcome of interest. This summary of a NEL review presents what research evidence currently 
exist when reduced rank regression analysis is the method used to study the dietary patterns of groups of people and 
their likelihood of developing the risk for cardiovascular diseases such as high blood lipids, high blood pressure, and 
heart disease.   
 
Conclusion 
Insufficient evidence, due to a small number of studies, was available to examine the relationship between dietary 
patterns derived using reduced rank regression and risk of cardiovascular disease. The disparate nature of the 
methods used made it difficult to compare results, and therefore, no conclusions were drawn. 

 
 
 
 



  

Dietary Patterns      141 

 

 
What the Research Says 
• Four studies looked at dietary patterns found using reduced rank regression analysis and the risk of developing 

cardiovascular disease. However, these studies had some key issues that make it hard to make any 
recommendations: 

• There were few studies available. 
• There were many differences in how the studies were done. 
• The populations studied were different between studies. 

 

EVIDENCE PORTFOLIO 
 

Conclusion Statement 
Insufficient evidence, due to a small number of studies, was available to examine the relationship between dietary 
patterns derived using reduced rank regression and risk of cardiovascular disease. The disparate nature of the 
methods used made it difficult to compare results, and therefore, no conclusions were drawn. 
 
Grade 
IV – Not Assignable 
  
Key Findings: 
• Four positive quality prospective cohort studies that used reduced rank regression to examine the relationship 

between dietary patterns and cardiovascular disease (CVD) status were included in this review. Comparison 
across studies is limited by the small number of studies, differences in methodologies used, and in the 
populations studied. Therefore no conclusions were drawn. 

• More U.S. population-based research is needed to examine dietary patterns and risk of cardiovascular disease 
using reduced rank regression, preferably with more consistent methods and response variables.   

 
Evidence Summary Overview 
Description of the Evidence 
Four prospective cohort studies included in this systematic review (Drogan, 2007; Heroux, 2009; McNaughton, 
2009; Meyer, 2011) used reduced rank regression analysis (see appendix A) to examine the relationship between 
dietary patterns and CVD. All of the studies were rated positive quality. One study each was conducted in the United 
States, United Kingdom, and Germany, and one included subjects from Europe. The sample sizes for these studies 
ranged from 981 to 26,238 participants (1 study <1000, 1 study <8,000, 1 study <14,000, and 1 study >26,000). All 
four studies were conducted in adults. Three of the studies included both females and males, while one study 
included only males (Meyer, 2011).   
 
The studies in this review used different dietary assessment methods, including 3-day diet records (Heroux 2009), a 
self-administered FFQ (Drogan 2007), a 127-item validated FFQ (McNaughton, 2009), and a 7-day dietary record 
(Meyer, 2011). The studies also examined a variety of CVD-related outcomes: Drogan (2007), examined CVD 
morbidity and mortality; Heroux (2009), measured CVD disease and all-cause mortality; McNaughton (2009), death 
due to CVD and nonfatal incident of CHD; and Meyer (2011), examined incidence of fetal or nonfatal MI and 
sudden cardiac death or mortality from CHD.  
 
The independent variables in all four studies were dietary pattern scores derived using reduced rank regression 
analysis. Three studies used biomarkers as response variables (Heroux, 2009; McNaughton, 2009; Meyer 2011), 
while the fourth study used nutrients as response variables (Drogan, 2007). The response variables used and the 
respective dietary patterns extracted for each study are described in more detail below: 
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Evidence Summary Paragraphs 
 
Drogan 2007 selected total fat, total carbohydrates, and fiber as response variables. Three dietary patterns were 
extracted. Pattern 1 explained the greatest variation in all three response variables (53 percent). Patterns 2 and 3 
explained only 21 percent and 10 percent of the variation. Only pattern 1 was used in subsequent analyses to 
calculate a pattern score for each subject and included foods such as whole-grain bread, fresh fruit, fruit juices, 
grains, cereals, and raw vegetables. 
 
Heroux 2007 selected BMI, blood pressure, total cholesterol, HDL-cholesterol, triglycerides (mg/dl), fasting 
glucose, uric acid, and white blood cell count as response variables. Five dietary patterns were extracted, which 
together explained 5.66 percent of the variation within the total biomarker index. Pattern 1 explained 4.33 percent of 
the overall variation, with the other four patterns only explaining an additional 1.33 percent between them. Thus, 
pattern 1 accounted for 76.50 percent of the total variation and the pattern was labeled “Unhealthy eating Index.” 
Pattern 1 was characterized by elevated consumption of processed and red meat, white potato products, non-whole 
grains, added fat, and reduced consumption of non-citrus fruits.  
 
McNaughton 2009 selected total cholesterol, HDL cholesterol, and triglycerides as response variables. Three dietary 
patterns were extracted, and patterns 1 and 2 explained the most variation in the response variables (Dietary pattern 
1 explained 7.14 percent of variation in HDL cholesterol and 5.3 percent of variation in triglycerides, while dietary 
pattern 2 explained 3.5 percent of variation in total cholesterol) and were used in subsequent analyses. Pattern 1 was 
characterized by high intakes of white bread, fried potatoes, sugar in tea and coffee, burgers, and soft drinks and 
lower consumption of salad dressings and vegetables. Pattern 2 was characterized by higher consumption of red 
meat, cabbage, Brussels sprouts, and cauliflower and lower consumption of whole meal bread, jam, marmalade, 
tofu, buns, cakes, pastries, fruit pies, and margarine.  
 
Meyer 2011 selected C-reactive protein, Interleukin (IL)-6, and Interleukin (IL)-18 as response variables. Pattern 1 
showed a high score of the RRR-derived pattern characterized by high intakes of meat, soft drinks and beer and low 
intakes of vegetables, fresh fruit, chocolates, cake, pastries, whole meal bread, cereals, muesli, curd, condensed 
milk, cream, butter, nuts, sweet bread spread, and tea.     
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Key:  (+) Higher intake               (-) Lower intake 

 

 

 
Table 4-C-III-1 Summary of Findings 

Studies examining the combinations of food intake (assessed using reduced rank regression) explain the most variation in risk of CVD 

Study (Quality 
Rating) 

Study Design; 
Location 

Study Description Response Variables Dietary Patterns Results 

Drogan, 2007  

Positive Quality 

Prospective 
cohort 

EPIC Nutrition-
Potsdam Cohort  

Germany 

 

To examine the association between a 
food pattern predictive for prospective 
weight change and risk of CVD. 
 
 

Total fat 
Total Carbohydrate 
Fiber 
 

Pattern 1:  
(+) whole-grain bread, fresh 
fruit, fruit juices, grains 
(cereals), raw vegetables;   
(-) processed meat, butter, 
high-fat cheese, margarine, 
meat (other than poultry) 
 
 

During follow-up there were 379 incident 
cases of non-fatal CVD (MI, n = 201; 
stroke, n = 178), including 68 fatal CVD 
events (MI, n = 41; stroke, n = 27). 
 
Nonfatal CVD risk: NS; no relationship 
between dietary pattern and nonfatal 
CVD risk 
 
Fatal CVD risk: Compared to quartile 1, 
risk of fatal CVD was decreased by 70% 
in quartile 3 and 50% in quartile 4 (P for 
trend = 0.016) 
Quartile 1 vs. quartile 3: HR = 0.31, 95% 
CI = 0.13 - 0.74 
Quartile 1 vs. quartile 4: HR = 0.47, 95% 
CI = 0.20 - 0.91 

Heroux, 2009  

Positive Quality 

Prospective 
cohort 

ACLS Cohort  

United States 

To examine the relationship between 
dietary patterns with mortality risk from 
all-cause and CVD, as well as examine 
the combined effects of dietary patterns 
and fitness on mortality risk 

BMI  
Mean arterial pressure  
Total cholesterol  
HDL-cholesterol  
Triglycerides (mg/dl)  
Fasting glucose  
Uric acid   
White blood cell count 

Pattern 1:  
(+) processed and red meat, 
white potato products, non-
whole grains, added fat and 
reduced consumption of non-
citrus fruits.  

During follow-up there were 136 CVD 
deaths. 
 
CVD Mortality: NS; no relationship 
between dietary pattern score and CVD 
mortality 
 

McNaughton, 
2009  

Positive Quality 

Prospective 
cohort 

Whitehall II 
Cohort  

United Kingdom 

 

To examine the relationship between 
dietary patterns associated with blood 
lipid levels and risk of incident coronary 
events. 
 
 

Total Cholesterol 
HDL Cholesterol 
Triglycerides 
 
 

Pattern 1:  
 (+) white bread, fried 
potatoes, sugar in tea and 
coffee, burgers, and soft drinks;  
 (+) salad dressings and 
vegetables. 
 
Pattern 2:   
(+) red meat, cabbage, 
Brussels sprouts, and 
cauliflower:  
(-) whole meal bread, jam, 
marmalade, tofu, buns, cakes, 
pastries, fruit pies, and 
margarine. 

After 83536 person-years of follow-up, 
there were 243 incident CHD events. 
 
Pattern 1: Compared to quartile 1, risk of 
CHD was increased by 57% in quartile 4 
(P = 0.003) 
Quartile 1 vs. quartile 4: HR = 1.57, 95%  
CI = 1.08 - 2.27 
 
Pattern 2: NS; no relationship between 
Pattern 2 and CHD risk in the fully 
adjusted model (after adjusting for BMI, 
BP) 

Meyer, 2011 

Positive  Quality 

Prospective 
cohort 

MONICA cohort 

Germany 

To examine dietary patterns associated 
with inflammatory markers and to 
examine their impact on the incidence of 
coronary heart disease (CHD) and all-
cause mortality. 
 

C-reactive protein  
Interleukin (IL) - 6 
Interleukin (IL) -18 

Pattern 1:  
(+) intake of diets rich in meat 
and beer and low in fresh and 
cooked vegetables, fresh fruit, 
whole meal bread, cereals and 
muesli, curd, nuts, sweet 
bread spread and tea 
identified with higher risk for 
CHD.  

During follow-up, there were 101 cases 
of incident CHD and 88 cases of CHD 
mortality. 
 
CHD and CHD mortality: 
NS; no relationship between dietary 
pattern score and CVD mortality in the 
fully adjusted model (after adjusting for 
smoking status) 
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Qualitative Assessment of the Body of Evidence 

This review included four positive-quality prospective cohort studies. However, because there were so few studies 
available, variability in the methodology used in the studies that were reviewed, and populations considered, there 
was insufficient information from which to assess consistency or draw conclusions about the relationship between 
dietary patterns derived using reduced rank regression and risk of CVD. 
 
Limitations of the Evidence 

Methodological Differences: 
• Three out of the four studies used biomarkers and the fourth study used nutrients as response variables in the 

reduced rank regression analyses. Among the three studies that used biomarkers as response variables, there 
were differences in the type of biomarkers chosen, leading to the identification of dietary patterns that differed 
from study to study. Heroux (2009) used change in BMI, mean arterial pressure, total cholesterol, HDL-
cholesterol, triglycerides (mg/dl), fasting glucose, and uric acid; Meyer (2011) used C-reactive protein, 
Interleukin (IL)-6, and Interleukin (IL)-18; and McNaughton (2009) used total cholesterol, HDL cholesterol, 
and triglycerides. The fourth study, Drogan (2007), used nutrients, including total fat, total carbohydrate, and 
fiber, as response variables. Because the dietary patterns described in each study are directly linked to response 
variables chosen, the variation in the response variables used means that the resulting dietary patterns may not 
be comparable. 

• Dietary assessment methods were different across the studies. One study used 3-day diet records (Heroux 
2009); another used a self-administered FFQ (Drogan 2007); a third used a 127-item validated FFQ 
(McNaughton 2009); and the fourth study used a 7-day dietary record (Meyer 2011). It is unclear what impacts 
different dietary assessment methods have on the derivation of dietary patterns using reduced rank regression. 

• The studies were not consistent in their use of confounders in analyses. In particular, physical activity was not 
included as a confounder in the analyses by Meyer (2011), and Drogan (2007) did not include smoking as a 
confounder.  

 
Population Differences: 
• The studies were conducted in different countries (United States and several countries in Europe) and 

represented populations in different regions of the world, which limited the ability to compare and interpret the 
results due to potential differences in dietary patterns between these regions. From that perspective, the results 
may not be generalizable to some U.S. populations.  

 
Research Recommendations 
More research using reduced rank regression should be conducted. Additionally, standardization in methodology, 
such as food groupings and response variables used, are also needed.  
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Section IV:  Other Methods  
By Jean M. Altman and Mary M. McGrane 

 
What is the relationship between adherence to dietary guidelines/recommendations or specific 
dietary patterns (assessed using methods other than index/score, cluster or factor, or reduced 
rank regression analyses) and risk of cardiovascular disease? 

 

TECHNICAL ABSTRACT 
 
Background   
The goal of this systematic review project is to identify patterns of food and beverage intake that promote health and 
prevent disease. Historically, most dietary guidance has been based on research conducted on individual food 
components or nutrients. Dietary patterns are defined as the quantities, proportions, variety, or combination of 
different foods, drinks, and nutrients (when available) in diets, and the frequency with which they are habitually 
consumed. Different methods of analyses are used to assess dietary patterns including index or score, cluster or 
factor, reduced rank regression, in addition to other methods, to exam the relationship between adherence to dietary 
guidelines/recommendations or specific dietary patterns of a population and outcomes of public health concern. The 
objective of this systematic review was to assess the relationship between patterns of food and beverage intake 
identified using methods other than index or score, factor or cluster, or reduced rank analyses, and risk of 
cardiovascular disease.  
 
Conclusion Statement  
There is strong and consistent evidence that consumption of a DASH diet results in reduced blood pressure in adults 
with above optimal blood pressure, up to and including stage 1 hypertension. A dietary pattern consistent with the 
DASH diet is rich in fruits, vegetables, low-fat dairy, fish, whole grains, fiber, potassium, and other minerals at 
recommended levels and low in red and processed meat, sugar-sweetened foods and drinks, saturated fat, 
cholesterol, and sodium. There is limited evidence that adherence to vegetarian diets is associated with decreased 
death from ischemic heart disease, with the association being stronger in men than in women. (Grade: I-Strong - 
DASH and Blood Pressure; Grade: III-Limited – Vegetarian and Ischemic Heart Disease) 
 
 
Methods  
Literature searches were conducted using PubMed, Embase, Navigator (BIOSIS, CAB Abstracts, and Food Science 
and Technology Abstracts), and Cochrane databases to identify studies that evaluated the association between 
dietary patterns defined using methods other than index factor or cluster analysis and body weight status. Studies 
that met the following criteria were included in the review: conducted in subjects aged 2 to18 years; randomized 
controlled trials, non-randomized controlled trials, or quasi-experimental studies; subjects from countries with high 
or very high human development (based on the 2011 Human Development Index); subjects who were healthy or at 
elevated chronic disease risk; published in English in a peer-reviewed journal. The date range was unlimited. 
 
The results of each included study were summarized in evidence worksheets (including a study quality rating) and 
an evidence table. A group of subject matter experts were involved in a qualitative synthesis of the body of 
evidence, development of a conclusion statement, and assessment of the strength of the evidence (grade) using pre-
established criteria including evaluation of the quality, quantity, consistency, magnitude of effect, and 
generalizability of available evidence.   
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Findings  
• Two types of dietary patterns were identified using other methods of assessing dietary exposure related to 

cardiovascular disease (CVD) risk: (1) a DASH dietary pattern and (2) a vegetarian-style dietary pattern. 
• Evidence from RCTs showed a DASH diet resulted in reduced blood pressure (BP) including systolic BP (SBP) 

and/or diastolic BP (BP) in adults with above optimal blood pressure, up to and including stage 1 hypertension, 
with further reductions with the low sodium DASH modification and the DASH high protein or DASH high 
unsaturated fat modifications (OmniHeart). Addition of a behavioral intervention or weight management 
intervention together with the DASH diet was more effective in reducing BP than DASH diet alone (PREMIER, 
ENCORE). Approximately two-thirds of the U.S. population has pre-hypertension or hypertension.  

• Evidence from prospective cohort studies showed a vegetarian diet was associated with reduced ischemic heart 
disease (IHD) or cardiovascular disease (CVD) mortality in four out of six studies. In studies that showed a 
favorable association for the vegetarian diet, the risk reduction for men was greater than that for women. The 
association between vegetarian diets and BP was less clear.  
 

• Studies that examined cerebrovascular disease or stroke mortality did not find differences between vegetarians 
and non-vegetarians.  

• The results of either a DASH diet or vegetarian diet on blood lipids were mixed regarding effects on total-, 
LDL-, and HDL-cholesterol and triglycerides.   

• The DASH diet is high in fruits, vegetables, low-fat diary, whole grains, fish, fiber, potassium, and other 
minerals at recommended levels and low in red and processed meat, sugar-sweetened foods and drinks, 
saturated fat, cholesterol, and sodium. Vegetarian diets include vegan (no meat, fish, eggs, or dairy); lacto-ovo 
vegetarian (includes eggs and dairy, but no fish or meat), and pesco vegetarian (includes fish, but no meat) 
diets. 

 
Discussion  
There were limitations of the evidence in this review. In the DASH trials, including the original DASH and DASH-
sodium, the feeding phases were relatively brief (4-8 wks) and the trial outcomes were CVD risk factors, not clinical 
events. In DASH trials with free-living populations, including PREMIER and ENCORE, there was the potential for 
selection bias, as participants may have been more motivated toward behavior modifications. 
 
The studies on vegetarian diets were all prospective cohort studies and there was the potential for vegetarian cohorts 
to be relatively health conscious in other lifestyle components, in addition to diet. Additionally, in these studies, 
analyses relied on single baseline measurements of diet, without further dietary intake assessment over the time 
course of prospective studies. Related to the specific systematic review question on dietary patterns, vegetarian diets 
including vegan, lacto-ovo vegetarian, and pesco vegetarian, were most often described by what was excluded from 
the diet rather than a full dietary pattern including all foods and beverages consumed. Overall, the definition of 
vegetarian diets has not been standardized. 
 
 

PLAIN LANGUAGE SUMMARY 
Are the amounts, types, variety, or combinations of foods and beverages  

people frequently eat and drink related to the likelihood of developing cardiovascular disease? 
 
In the past, researchers looked at the relationship between individual foods and nutrients and health. Today, there is 
interest in looking at how combinations of foods and beverages, or dietary patterns, impact health. This summary of 
a NEL review presents what we know about different healthy eating patterns and the amounts, variety or 
combination of different foods and drinks, and how often they are eaten effect the risk of cardiovascular (heart) 
disease.  
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Conclusion 
There is strong and consistent evidence that consumption of a DASH diet results in reduced blood pressure in adults 
with above optimal blood pressure, up to and including stage 1 hypertension. A dietary pattern consistent with the 
DASH diet is rich in fruits, vegetables, low-fat dairy, fish, whole grains, fiber, potassium, and other minerals at 
recommended levels and low in red and processed meat, sugar-sweetened foods and drinks, saturated fat, 
cholesterol, and sodium. There is limited evidence that adherence to vegetarian diets is associated with decreased 
death from ischemic heart disease, with the association being stronger in men than in women. (Grade: Strong - 
DASH and Blood Pressure; Grade: Limited – Vegetarian and Ischemic Heart Disease) 
 
What the Research Says 

• Two types of dietary patterns were identified using other methods of assessing dietary exposure related to 
cardiovascular disease (CVD) risk: (1) a DASH dietary pattern and (2) a vegetarian-style dietary pattern. 

• Evidence from RCTs showed a DASH diet reduced blood pressure (BP) including systolic BP (SBP) and/or 
diastolic BP (BP) in adults with above optimal blood pressure, up to and including stage 1 hypertension, with 
further reductions with the low sodium DASH modification and the DASH high protein or DASH high 
unsaturated fat modifications (OmniHeart). Adding a behavioral intervention or weight management 
intervention together with the DASH diet was more effective in reducing BP than DASH diet alone (PREMIER, 
ENCORE). Approximately two-thirds of the U.S. population has pre-hypertension or hypertension.  

• Evidence from prospective cohort studies showed a vegetarian diet reduced ischemic heart disease (IHD) or 
cardiovascular disease (CVD) death in four out of six studies. In studies that showed a reduced risk of CVD 
with a vegetarian diet, the reduction in risk was greater in men than women. The association between vegetarian 
diets and BP was less clear.  
 

• Studies that examined cerebrovascular disease or stroke death did not find differences between vegetarians and 
non-vegetarians.  

• The results of either a DASH diet or vegetarian diet on blood lipids were mixed regarding effects on total-, 
LDL-, and HDL-cholesterol and triglycerides.   

• The DASH diet is high in fruits, vegetables, low-fat diary, whole grains, fish, fiber, potassium, and other 
minerals at recommended levels and low in red and processed meat, sugar-sweetened foods and drinks, 
saturated fat, cholesterol, and sodium. Vegetarian diets include vegan (no meat, fish, eggs, or dairy), lacto-ovo 
vegetarian (includes eggs and dairy, but no fish or meat), and pesco vegetarian (includes fish, but no meat) 
diets. 

 
 

EVIDENCE PORTFOLIO 
 

Conclusion Statement 
There is strong and consistent evidence that consumption of a DASH diet results in reduced blood pressure in adults 
with above optimal blood pressure, up to and including stage 1 hypertension. A dietary pattern consistent with the 
DASH diet is rich in fruits, vegetables, low-fat dairy, fish, whole grains, fiber, potassium, and other minerals at 
recommended levels and low in red and processed meat, sugar-sweetened foods and drinks, saturated fat, 
cholesterol, and sodium. There is limited evidence that adherence to vegetarian diets is associated with decreased 
death from ischemic heart disease, with the association being stronger in men than in women.  
 
Grade 
I-Strong - DASH and Blood Pressure; III-Limited – Vegetarian and Ischemic Heart Disease 
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Key Findings:  
• Two types of dietary patterns were identified using other methods of assessing dietary exposure related to 

cardiovascular disease (CVD) risk: (1) a DASH dietary pattern and (2) a vegetarian-style dietary pattern. 
• Evidence from RCTs showed a DASH diet resulted in reduced blood pressure (BP) including systolic BP (SBP) 

and/or diastolic BP (BP) in adults with above optimal blood pressure, up to and including stage 1 hypertension, 
with further reductions with the low sodium DASH modification and the DASH high protein or DASH high 
unsaturated fat modifications (OmniHeart). Addition of a behavioral intervention or weight management 
intervention together with the DASH diet was more effective in reducing BP than DASH diet alone (PREMIER, 
ENCORE). Approximately two-thirds of the U.S. population has pre-hypertension or hypertension.  

• Evidence from prospective cohort studies showed a vegetarian diet was associated with reduced ischemic heart 
disease (IHD) or cardiovascular disease (CVD) mortality in four out of six studies. In studies that showed a 
favorable association for the vegetarian diet, the risk reduction for men was greater than that for women. The 
association between vegetarian diets and BP was less clear.  

• Studies that examined cerebrovascular disease or stroke mortality did not find differences between vegetarians 
and non-vegetarians.  

• The results of either a DASH diet or vegetarian diet on blood lipids were mixed regarding effects on total-, 
LDL-, and HDL-cholesterol and triglycerides.   

• The DASH diet is high in fruits, vegetables, low-fat diary, whole grains, fish, fiber, potassium, and other 
minerals at recommended levels and low in red and processed meat, sugar-sweetened foods and drinks, 
saturated fat, cholesterol, and sodium. Vegetarian diets include vegan (no meat, fish, eggs, or dairy). lacto-ovo 
vegetarian (includes eggs and dairy, but no fish or meat), and pesco vegetarian (includes fish, but no meat) 
diets. 

 
Evidence Summary Overview  
Description of the Evidence  
A total of 20 articles met the inclusion criteria for this systematic review on dietary patterns and incident CVD 
outcomes assessed using methods other than index/score, cluster or factor, or reduced rank regression analyses. The 
body of evidence consisted of 14 articles from 8 randomized controlled trials (RCTs) (Adamsson, 2011; Appel, 
1997 and 2005; Blumenthal, 2010, Blumenthal Babyak Sherwood, 2010; Conlin, 2000; Howard, 2006; Lien, 2007; 
Margetts, 1985; Moore, 1999; Obarzanek, 2001; Sacks, 2001; Saneei, 2013; Svetkey, 2004) and six prospective 
cohort studies (PCS) (Burr and Butland, 1988; Chang-Claude, 2005; Crowe, 2013; Key, 1996 and 1999; Orlich, 
2013). In terms of study quality, 15 of the 20 articles received a positive quality rating and five were rated neutral 
(Burr and Butland, 1988; Chang-Claude, 2005; Key, 1996 and 1999; Margetts, 1985). The studies were carried out 
between 1985 and 2013. Twelve articles were from 6 RCTs and one PCS conducted in the United States; three PCSs 
were conducted in the United Kingdom, Australia, and Germany; and two RCTs were conducted in Sweden and 
Iran, and there was one pooled analysis of cohort studies conducted in the United States, United Kingdom, and 
Germany. The sample sizes of the RCTs ranged from 49 to 44,351 participants (12 studies <500; 1 study >500; 1 
study >40,000) and the PCSs had sample sizes of 1,724 to 76,172 participants (1 study >1,000; 2 studies >10,000; 2 
study >70,000). All of the studies were conducted with adults, with the exception of the RCT conducted in Iran on 
adolescent girls (Saneei, 2013). Eighteen out of 20 articles included men and women. One RCT included only post-
menopausal women (Howard, 2006) and one RCT included only adolescent girls (Saneei, 2013). RCT duration 
ranged from 30 days to 8.1 years (9 <2 months; 4 <6 months; 1 >8 years) and PCSs ranged from a mean of 5.8 years 
to 21 years (1 <10 years; 2 >10 years; 1 >15 years; 1 >20 years).  
 
Dietary patterns examined: 
Ten of the 20 articles reported results from the original Dietary Approaches to Stop Hypertension (DASH) trial 
(Appel, 1997; Conlin, 2000; Moore, 1999; Obarzanek, 2001) or subsequent trials that examined either variations on 
the original DASH diet (Appe,l 2005 [Omni Heart]; Sacks, 2001 [DASH-sodium]; Svetkey, 2004 [DASH-sodium]) 
or added behavioral interventions to the original DASH diet in free-living populations (Blumenthal, 2010 
[PREMIER]; Blumenthal Babyak and Sherwood, 2010 [PREMIER]; Lien, 2007 [ENCORE]). A small trial in Iran 
also tested a DASH diet modified for adolescents (Saneei, 2013). Three additional RCTs looked at a Nordic diet 
(Adamsson, 2011), a low-fat dietary pattern (Howard, 2006 [WHI-DM]), and an ovo-lacto-vegetarian diet 
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(Margetts, 1985). The diets examined in the six PCSs were vegetarian, in some cases including pesco-vegetarian, 
lacto-ovo-vegetarian, and vegan diets (Burr and Butland, 1988; Chang-Claude, 2005; Crowe, 2013; Key, 1996 and 
1999; Orlich, 2013).  
 
Population: 
The original DASH trial and subsequent DASH modification trials commonly included adult subjects that were 
generally healthy but with pre-hypertension or with untreated stage I hypertension. Additionally, Black and minority 
subgroups were well-represented in these trials, Blacks accounted for 39 to 65 percent of the trial populations, in 
addition to other minorities from 1 to 6 percent (Appel, 1997 and 2005; Blumenthal, 2010; Blumenthal Babyak and 
Sherwood, 2010; Conlin, 2000; Lien, 2007; Moore, 1999; Obarzanek, 2001; Sacks, 2001; Svetkey, 2004).  
 
Dietary assessment: 
Dietary intake in this review was assessed by adherence to a specific dietary pattern using a variety of methods (i.e., 
food frequency questionnaire [FFQ], food record/diary/checklists, 24-hour recall, responses to a “Yes/No” question 
asking if subjects were vegetarian), and urinary mineral and urea nitrogen analyses.   
 
The DASH and DASH-sodium trials were controlled feeding trials where subjects received prepared meals 
consumed on-site, with some meals consumed off-site. For each day of controlled feeding, subjects recorded their 
intake of discretionary items. They indicated whether they ate any non-study foods and whether they did not eat all 
the study foods. Adherence to the diet was further assessed by measuring 24-hour urinary sodium, potassium, 
phosphorous, and urea nitrogen. In the free-living ENCORE trial (DASH + Weight Management), as well as the 
Women’s Health Initiative Dietary Modification (WHI-DM) trial (low-fat diet), food intake was assessed with both 
FFQs and 4-day food records. In the PREMIER trial, dietary intake was assessed from two unannounced 24-hour 
dietary recalls conducted by telephone. Self-reported dietary intake was corroborated using the 24-hour urinary 
measures indicated above for DASH. The small DASH trial in Iran, small NorDiet trial in Sweden, and the small 
lacto-ovo vegetarian trial in Australia all used daily diet records to assess adherence.  
 
Prospective cohort studies on vegetarian diets assessed dietary intake using FFQs (Crowe, 2013 [EPIC-Oxford]; 
Key, 1996; Chang-Claude, 2005 [German Vegetarian Study]; Orlich, 2013 [Adventist Health Study 2]). Of these 
studies, only one assessed dietary intake after baseline: Change-Claude (2005) conducted a follow-up on dietary 
changes at 5 and 11 years. However, a few studies only asked participants if they were a vegetarian (i.e., defined as 
those who did not eat meat or fish) (Key, 1999; Burr and Butland, 1988).  
 
Qualitative Synthesis of the Collected Evidence 

Themes and Key Findings  
 
Health Outcomes:  
The 20 articles in this review considered CVD risk factors, or intermediate outcomes, including hypertension, blood 
pressure, and blood lipids and endpoint health outcomes including CVD incidence or mortality.  
 
Intermediate Outcomes:  
Hypertension, Blood Pressure, and Blood Lipids:  
Nine articles reported results from the DASH and modified DASH trials on the effect of dietary intake on changes in 
systolic and diastolic blood pressure (SBP and DBP) or ambulatory blood pressure (ABP) in prehypertensive and/or 
hypertensive adults (Appel, 1997 and 2005; Conlin, 2000; Howard, 2006; Lien, 2007; Margetts, 1985; Moore, 1999; 
Sacks, 2001; Svetkey 2004). Two of these articles also reported on hypertension/blood pressure control (Conlin, 
2000; Svetkey, 2004). One article reported results from the WHI-DM trial with subjects who had blood pressure that 
was either treated, stage 1 hypertension, or strayed into the high end of the range (>140/90 mm) (Howard, 2006). 
One small trial reported on the effect of a Nordic diet on SBP and DBP (Adamsson, 2011). Lastly, in all of these 
studies subjects were not on anti-hypertensive medications, with one exception where medication was not indicated 
(Adamsson, 2011).  
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Six of the above articles also reported on blood lipids, including total cholesterol, low-density lipoprotein [LDL] 
cholesterol, high-density lipoprotein [HDL] cholesterol, and triglycerides [TG]) (Appel, 2005; Blumenthal Babyak 
and Sherwood, 2010; Howard, 2006; Lien, 2007; Obarzanek, 2001; Saneei, 2013). Adamsson (2011) only looked at 
LDL cholesterol. 
 
DASH Trials:  
Eleven of the 20 articles reported on the original DASH or a variation on the DASH trial (Appel, 1997 and 2005; 
Blumenthal, 2010; Blumenthal Babyak and Sherwood, 2010; Conlin, 2000; Lien, 2007; Moore, 1999; Obarzanek, 
2001; Sacks, 2001; Saneei, 2012; Svetkey 2004).  
 
DASH Trial: The original DASH trial compared a control diet that was typical of a substantial number of Americans 
with either (1) a fruits and vegetables diet or (2) a combination diet that was rich in fruits and vegetables and low-fat 
dairy foods. The trial showed that consumption of the combination diet (DASH) reduced SBP and DBP in 
prehypertensive and hypertensive adults (Appel, 1997). When hypertensive subjects in the DASH trial were 
assessed separately, the combination DASH diet resulted in a greater reduction in SBP and DBP in hypertensives 
than in non-hypertensives (Appel, 1997) and a 60 percent decreased risk of hypertension in this subgroup (Conlin, 
2000). Ambulatory BP (ABP) was also assessed and the combination DASH diet resulted in lowered 24-hour ABP, 
and the hypertensives had a greater response than non-hypertensives to the combination DASH diet (Moore, 1999). 
Furthermore, the combination DASH diet resulted in lower total and LDL-cholesterol, but also lower HDL-
cholesterol, and had no effect on triglycerides (Obarzanek, 2001). The net reduction in total- and LDL-cholesterol 
was greater in men than in women, but there were no differences based on race.  
 
DASH-Sodium Trial: The DASH-sodium trial introduced three levels of sodium intake in the DASH diet and a 
typical U.S. control diet. The reduction in sodium resulted in significantly lowered SBP and DBP in both DASH and 
control groups; however, the DASH diet resulted in lower SBP than the control diet at every sodium level (Sacks, 
2001). Additionally, reducing sodium intake from the high to the low level with either the DASH or control diets 
reduced SBP in subjects with and without hypertension, and in Blacks and other racial groups, as well as in men and 
women. But the combination of the two dietary interventions, DASH and low sodium, lowered SBP more in 
participants with HTN than in those without HTN, and more in women than in men (Sacks, 2011). Another report 
from the DASH-sodium trial examined BP control and found that the maximum BP control rate was achieved with 
the DASH/lower sodium treatment (Svetsky, 2004). 
 
OmniHeart Trial: Trials that further assessed a DASH dietary approach with modifications included the OmniHeart 
Trial that assessed diets rich in carbohydrates, protein, or unsaturated fats (predominantly monounsaturated fats) in 
subjects with prehypertension and stage I hypertension. Although all treatment arms were rich in fruits and 
vegetables, low-fat dairy, fiber, and potassium and reduced in saturated fat, cholesterol, and sodium, the 
carbohydrate diet used in OmniHeart was similar to the original DASH diet and the other two treatment arms 
substituted either unsaturated fats or protein for carbohydrates as 10 percent of energy. All three diets decreased BP, 
LDL-cholesterol, and 10-year CHD risk (from the Framingham risk equation). However, BP, total- and LDL-
cholesterol, triglycerides, and estimated 10-year CHD risk were all significantly improved in the high protein, 
compared to the high carbohydrate diet. And BP, HDL-cholesterol and triglycerides were significantly improved on 
the high unsaturated fat diet, compared to the high carbohydrate diet (Appel, 2005).  
 
PREMIER Trial: The PREMIER Trial was a multicomponent lifestyle intervention in a free-living population that 
included (1) an advice only control group; (2) a group that received established behavioral intervention for lowering 
BP (EST); and (3) a group that received EST plus a DASH diet. In participants without metabolic syndrome 
(MetSyn), EST and EST + DASH equally reduced SBP. However, in subjects with MetSyn, only the combined EST 
+ DASH intervention resulted in SBP reduction. The effects of the EST and EST + DASH interventions on blood 
lipids were mixed, with decreased total cholesterol and a trend to improve LDL-cholesterol in both MetSyn groups, 
but no effect of EST + DASH on triglycerides (Lien, 2007). 
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ENCORE Trial: The Exercise and Nutrition interventions for CardiOvasculaR hEalth (ENCORE) trial was 
conducted in overweight or obese subjects with high BP and the results indicated that the DASH diet plus weight 
management was more effective in decreasing BP than the DASH diet alone (Blumenthal, 2010). A second report 
from the ENCORE trial showed that the DASH diet alone, although it caused a decrease in BP, did not decrease 
total-, LDL-cholesterol, or triglycerides (Blumenthal Babyak and Sherwood, 2010).   
 
Vegetarian Diets:  
Three of the articles on vegetarian patterns measured BP or blood lipids (Burr and Butland, 1988; Crowe, 2013; 
Margetts, 1985). Burr and Butland reported that a vegetarian diet was associated with decreased levels of total 
cholesterol, compared to non-vegetarians; however, BP measurements were not different between the two groups 
(Burr and Butland, 1988). Margetts examined the effect of a lacto-ovo vegetarian diet on BP in mild hypertensives 
and found a decrease in SBP, but not DBP (Margetts, 1985). In a study of the EPIC-Oxford cohort, comparing a 
vegetarian to a non-vegetarian diet showed a reduction in SBP, but not DBP, in a small sub-sample of the cohort 
(Crowe, 2013). In addition, non-HDL-cholesterol was reduced in the vegetarian participants.  
 
Other Diets: 
Women’s Health Initiative - Dietary Modification Trial: Women in the low-fat diet treatment group of the WHI-DM 
trial had decreased DBP and LDL-cholesterol; however, other CVD risk factors were not different between groups 
(Howard, 2006). 
 
Nordic Diet: In the NORDIET Trial, the effect of a Nordic diet, compared to a control typical Western diet, on CVD 
risk factors was assessed. The Nordic diet treatment caused a decrease in SBP, but not DBP. Additionally, total-, 
LDL-, and HDL-cholesterol, and the LDL/HDL ratio were decreased with the Nordic diet (Adamsson, 2011). 
 
Endpoint Clinical Outcomes: 
CVD Incidence and Mortality:  
One trial, the WHI-DM Trial, examined the effect of a low-fat diet on incident (fatal and nonfatal) CVD, CHD, and 
stroke (Howard, 2006). Six prospective cohort studies examined only mortality and these examined the association 
between a vegetarian diet and ischemic heart disease (IHD) mortality (Burr and Butland, 1988; Chang-Claude, 2005; 
Crowe, 2013; Key, 1999; Orlich, 2013), cerebrovascular disease mortality (Burr and Butland, 1988; Key, 1996 and 
1999), CVD mortality (Orlich, 2013), or mortality due to circulatory diseases (Chang-Claude, 2005). One trial 
examined risk of CHD using the Framingham risk equation (Appel, 2005).  
 
 Vegetarian diets: Four studies that examined IHD found that IHD mortality was decreased in vegetarians compared 
to non-vegetarians (Burr and Butland, 1988; Crowe, 2013; Key, 1999; Orlich, 2013). However, one of these studies, 
conducted with the Adventist Health Study 2 cohort, found the association only in men for both IHD and CVD 
mortality, not in men and women combined nor in women alone (Orlich, 2013). Key and colleagues conducted a 
pooled analysis of five prospective cohort studies and found that mortality from IHD was 24 percent lower in 
vegetarians compared to non-vegetarians. Additional analysis showed that in comparison with regular meat eaters, 
mortality from IHD was 34 percent lower in lacto-ovo vegetarians and 26 percent lower in vegans (Key, 1999). 
However, two studies that compared vegetarians with health-conscious non-vegetarians, found IHD mortality was 
not different between the two groups in the United Kingdom (Key, 1996) and German participants (Chang-Claude, 
2005), nor was all circulatory disease mortality (Chang-Claude, 2005). In these two studies, one study was relatively 
small for a prospective cohort study (N = 1,724 subjects) (Chang-Claude, 2005) and one study did not define 
vegetarians beyond a direct question asked of the participants (i.e., if participants were vegetarian) (Key, 1996). 
 
Studies that examined cerebrovascular disease or stroke mortality did not find differences between vegetarians and 
non-vegetarians (Burr and Butland, 1988; Key, 1996 and1999; Orlich, 2013).  
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Low-fat diet: 
The WHI-DM trial examined the effects of a low-fat diet on incident CVD, CHD, and stroke and found no effect on 
risk in postmenopausal women (Howard, 2006). The WHI-DM intervention resulted in decreased total and saturated 
fat intake in the treatment group, but also increased intakes of fiber, vegetables and fruits, total and whole grains, 
and soy.  
 
DASH diet (OmniHeart): 
In a report from the OmiHeart trial, CHD risk was estimated using the Framingham risk equation (Appel, 2005). The 
calculated 10-year risk of CHD was decreased for all versions of the DASH diet (modified to be high in 
carbohydrate, protein, or unsaturated fat as an increase in 10 percent of energy). Furthermore, compared with the 
carbohydrate diet, both the protein and unsaturated fat diets resulted in greater reductions in CHD risk. (This result 
is also considered under intermediate outcomes.) 
 
Sub-analysis–Gender: 
One of the prospective cohort studies that examined total and cause-specific mortality found an association only in 
men for both IHD and CVD mortality, not in men and women combined, nor in women alone (Orlich, 2013). 
Further analysis of different types of vegetarian patterns showed that for pesco-vegetarians, compared to non-
vegetarians, women and men and women combined (but not men alone) had reduced IHD mortality, but only men 
had reduced CVD mortality. Comparing lacto-ovo vegetarians to non-vegetarians, CVD mortality was decreased 
only in men. And in vegans, both IHD and CVD mortality were reduced only in men (Orlich, 2013). Earlier studies 
also found that although there was reduced IHD mortality in men and women in vegetarians compared to non-
vegetarians, there was a greater reduction in men (Burr and Butland, 1988; Key, 1999). 
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Table 4-B-IV-1 Summary of Findings 
Blood pressure, blood lipids and risk of CVD/CHD 

Trial or Cohort Study/ Design/Pattern Blood Pressure Blood Lipids CVD Incidence or Mortality 

 
 
 
 

DASH 
TRIAL 

AppeL 1997l/ RCT/DASH  ↓ 
↓ (w/ HTN)   

Conlin 2000/ RCT/DASH ↓ (w/ HTN)   

Moore 1999/ RCT/DASH ↓ ABP 
↓ ABP (w/ HTN)   

Obarzanek 2001/ RCT/DASH  

↓ Total, LDL-C (>Men) 
↓ HDL-C 
∅ TG  

 Saneei 2013/RCT/DASH 
(mod for Iranian adolescents) ↓ DBP ∅ Total, LDL-C, HDL-C, TG  

DASH 
SODIUM 

TRIAL 
Sacks 2001/ RCT/DASH-Sodium ↓ SBP 

↓ SBP (w/HTN)   

Svetsky 2004/ RCT/DASH-Sodium ↓ 
↓ (w/ HTN), (w/ ISH)   

OMNI 
HEART 
TRIAL 

Appel 2005/ RCT/OmniHeart ↓ >Protein (w/ HTN) 
↓ >Unsat Fat (w/ HTN) 

↓ >Protein LDL-C, TG         
↓ HDL-C 
↓ >Unsat Fat TG, HDL-C 

↓ >Protein 
↓ >Unsat Fat 
 CHD risk (calculated) 

PREMIER 
TRIAL Lien 2007/ RCT/PREMIER ↓ SBP 

↓ SBP (w/ MetSyn) 
↓ Total-C 
∅ LDL-C, HDL-C, TG  

 
ENCORE 

TRIAL 

Blumenthal 2010/ RCT/ENCORE ↓   
Blumenthal, Babyak 2010/ RCT/ 
ENCORE  

↓ Total-C, LDL-C, TG  
∅  HDL-C   

 Margetts 19885/ PCS/Lacto-Ovo ↓ SBP   
 Burr 1988/ PCS/ Vegetarian ∅  ↓ IHD mortality 

EPIC 
OXFORD Crowe 2013/ PCS/Vegetarian ↓ SBP  ↓ Non-HDL-C  ↓ IHD mortality 

GERMAN 
VEGETARIAN 

STUDY 
Chang-Claude 2005/ PCS/ Vegetarian   

∅ IHD mortality 
∅ Circulatory Disease mortality 

 Key 1996/ PCS/Vegetarian   ∅ IHD mortality 

POOLED 
COHORTS Key 1999/ PCS/Vegetarian   ↓  IHD mortality 

ADVENTISTS 
HEALTH 2 Orlich 2013/ PCS/Vegetarian   

↓ Men – IHD and CVD mortality 
∅ Women – IHD and CVD 

WHI-DM 
TRIAL Howard/ RCT/Low-Fat ↓ DBP ↓ Total-C ∅ CVD, CHD, stroke incidence 

NORDIET 
TRIAL Adamsson 2011/ RCT/NorDiet ↓ SBP ↓ Total, LDL-C, LDL/HDL 

↓ HDL-C  
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Qualitative Assessment of the Collected Evidence  

 
Quality and Quantity 
Quality of the studies was assessed by examining the scientific soundness of study design and execution to 
determine if there was bias in the findings related to outcomes. The majority of the evidence for this question 
consisted of positive quality studies (15 out of 20 studies), indicating potential low risk of bias overall. In addition, 
these studies directly addressed the question, especially related to blood pressure and, additionally, CHD mortality.  
 
Consistency 
Blood Pressure: 
The evidence of a protective association between a DASH dietary pattern and blood pressure was consistent in all of 
the RCTs in adults in the general population and adults with hypertension. 
CHD Mortality:   
Evidence from prospective cohort studies showed a vegetarian diet was associated with reduced ischemic heart 
disease (IHD) or cardiovascular disease (CVD) mortality in four out of six studies. In the two studies that did not 
find an association, one study was relatively small for a prospective cohort study (N = 1,724 subjects) (Chang-
Claude, 2005), and one study did not define vegetarians beyond a direct question asked of the participants (i.e., if 
participants were vegetarian) (Key, 1996). 
 
Impact 
The body of evidence directly addressed the exposures and health outcomes of interest for this systematic review, 
with clinical trials that consistently showed that a DASH diet resulted in reduced blood pressure in prehypertensive 
and hypertensive adults, thus decreasing CVD risk. In the DASH-sodium trial, the effect of DASH diet and low 
sodium achieved the greatest effect on blood pressure and the effect was equal to or greater than that of a single 
therapeutic drug for hypertensive individuals (Sacks, 2001). In addition, this body of evidence included large 
prospective cohort studies that found a favorable association between vegetarian diets and risk of mortality from 
ischemic heart disease (IHD), especially in men.  
 
Generalizability/External Validity  

Twelve articles from six RCTs and one PCS were conducted in the United States, with the remaining articles from 
studies conducted in the United Kingdom, Germany, Sweden, Australia, and Iran. Results from the DASH trials 
should be broadly applicable to the U.S. population as the trial populations were large and demographically 
heterogeneous. Additionally, DASH trials focused on individuals with prehypertension and hypertension, a group 
that makes up approximately two-thirds of the U.S. population. DASH trials were also conducted in free-living 
populations and found effective (PREMIER and ENCORE). Regarding the association between vegetarian diets and 
IHD mortality, two recent prospective cohort studies with large cohorts (EPIC-Oxford and Adventist Health 2) 
showed an association with reduced IHD death, as did one pooled analysis of five prospective cohort studies 
covering the United States, United Kingdom, and Germany. Given the robust evidence involving U.S. clinical trials 
and large cohort studies with endpoint mortality outcomes, the generalizability to the U.S. population, and the 
relevance of this body of evidence to U.S. policy, is compelling. 
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Table 4-B-IV-2 Overview Table: Cardiovascular Disease 
Organized by dietary trial/dietary pattern 

Citation 
Quality Rating 

Location 

Study Design 
Duration 

Study/Cohort 

Sample Size 
Age 

Gender 
Race/Ethnicity  

Dietary Pattern Overview Health Outcomes 

DASH Trial 
1. Appel et al., 

1997 
 
Positive 
 
U.S. 

Randomized 
Controlled Trial 
 
8 wks  
 
Dietary 
Approaches to 
Stop 
Hypertension 
(DASH) Trial 

Initial N = 459 
Final N = 456 
 
Mean: 
DASH: 44±10 y 
FV diet: 45±11 y 
Control: 44±11 y 
 
49% Women 
 
34% Non-minority  
60% Black 
6% Other minority 

Dietary Approaches to Stop Hypertension 
(DASH) Trial 
Control diet: Macronutrient profile and fiber 
content similar to typical American diet--
potassium, magnesium, and calcium levels 
were close to the 25th percentile of U.S. 
consumption. Macronutrient distribution: 
50% CHO, 37% fat, 13% protein. 
 
Fruits-and-vegetables (FV) diet: Provided 
more fruits and vegetables (8-10 svgs/d), 
and fewer snacks and sweets than the 
control diet; potassium and magnesium at 
levels close to the 75th percentile of U.S. 
consumption. Macronutrient distribution: 
52% CHO, 37% fat, 11% protein. 
 
Combination diet (DASH): Rich in fruits and 
vegetables (8-10 svgs/d), and low-fat dairy 
foods; reduced amounts of saturated fat, 
total fat, and cholesterol; potassium, 
magnesium, and calcium content close to 
the 75th percentile of U.S. consumption, 
high amounts of fiber and protein. 
Macronutrient distribution: 58% CHO, 27% 
fat, 15% protein. 
 
Four calorie levels available: 1600, 2100, 
2600, 3100 kcals. A 7-day menu cycle with 
21 meals used. No more than three 
caffeinated or diet beverages and no more 
than two alcoholic beverages per day.  

Combination vs control diet:   
SBP: - 5.5 mm Hg (95% CI = -7.4    
to -3.7, P <0.001); DBP: - 3.0 mm Hg 
(95% CI = -4.3 to -1.6, P<0.001)  
 
FV vs control diet:   
SBP: - 2.8 mm Hg (95% CI = -4.7    
to -0.9, P<0.001); DBP: - 1.1 mm Hg 
(95% CI = -2.4 to 0.3, P=0.07, NS)  
 
Combination vs FV diet:   
SBP: - 2.7 mm Hg (95% CI = -4.6    
to -0.9, P = 0.001); DBP: - 1.9 mm Hg 
(95% CI = -3.3 to -0.6, P=0.002)  
 
BP results were achieved after 2 
weeks on the combination and the 
fruits-and-vegetable diets, and 
sustained for 6 more weeks. 
 

2. Conlin et al., 
2000 
 
Positive 
 
U.S. 

Randomized 
Controlled Trial 
 
8 wks 
 
Dietary 
Approaches to 
Stop 
Hypertension 
(DASH) Trial 

N = 133  
HTN participants  
 
Attrition:  
6% control  
4% FV  
0% DASH 
 
Mean:  
49.2±10.3 y 
 
60% Women 
 
65% Black 

DASH Trial 
As above 
 
 

DASH vs control diet:                                         
SBP: -11.6 mm Hg (95% CI = -15.5 
to -7.6, P<.001)                                                                     
DBP: -5.9 mm Hg (95% CI = -8.3     
to -3.4, P<.001)                                                                     
HTN: RR = 0.39 (95% CI = 0.23  - 
0.65, P<.001)  
FV vs control diet:                                               
SBP: -7.0 mm Hg (95% CI = -10.7     
to -3.4, P<.001)                                                                     
DBP: -3.0 mm Hg (95% CI = -5.3     
to -0.7, P<.001)                                                                     
HTN: RR = 0.72 (95% CI = 0.52 - 
0.97, P<.001)  
DASH diet produced significantly 
greater BP effects (P<.05) than FV 
diet 
70% subjects on DASH achieved 
normal BP after 8 wks, compared to 
45% on FV and 23% on control diet 
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Table 4-B-IV-2 Overview Table: Cardiovascular Disease―continued 
Organized by dietary trial/dietary pattern 

 
Citation 

Quality Rating 
Location 

Study Design 
Duration 

Study/Cohort 

Sample Size 
Age 

Gender 
Race/Ethnicity 

Dietary Pattern Overview Health Outcomes 

3. Moore et al., 
1999 
 
Positive 
 
U.S. 

Randomized 
Controlled Trial 
 
8 wks 
 
Dietary 
Approaches to 
Stop 
Hypertension 
(DASH) Trial 

Initial N = 362 
Final N = 345 
5% attrition 
 
Mean: 45.1±10.4 y 
 
47% Women 
 
62% Minority 

DASH Trial 
AS above 
 

DASH diet vs control:                                            
SBP = -5.6 (95% CI = -7.5 to -3.7,   
P<0.05)  
 DBP = -2.4 (95% CI = -3.7 to -1.1,  
P<0.05)                                                                      
24h ASBP = -4.5 (95% CI = -6.2 to  
 -2.8, P<0.05)   
ADBP = -2.7 (95% CI = -4.0 to -1.4, 
P<0.05) 
DASH diet: SBP & DBP fell 
significantly during 24 h, daytime, and 
night in all participants combined 
FV diet vs control:                                                
SBP = -3.2 (95% CI = -5.1 to -1.4,    
P<0.05)    
DBP = -0.8 (95% CI = -2.1 to 0.5, 
NS)              
24 h ASBP =  -3.1 (95% CI = -4.8  
to -1.4, P<0.05)  
ADBP = -2.0 (95% CI = -3.3 to -0.8,  
P<0.05)  
Subgroup analysis: NS men versus 
women, minorities vs nonminorities, 
or younger vs older   
HTN subjects had greater SBP and 
DBP decrease than normotensives 
during day, night and 24-hr 
recordings (P<0.05) 

4. Obarzanek et 
al., 2001 
 
Positive 
 
U.S. 

Randomized 
Controlled Trial 
 
8 wks 
 
Dietary 
Approaches to 
Stop 
Hypertension 
(DASH) Trial 

Initial N = 459 
Final N = 436  
5% attrition 
 
Mean: 44.6±10.7 y 
 
49% Women 
 
60% Black 
34% White 
6% Other 

DASH Trial 
As above 
 

DASH diet vs control:                                       
Total C = -13.7 mg/dL (95% CI =  
 -18.8 to -8.6, P<0.0001)                                                             
LDL-C = -10.7 mg/dL (95% CI =  
 -15.4 to -6.0, P<0.0001)                                                                 
HDL-C = -3.7 mg/dL (95% CI = -5.1 
to -2.2, P<0.0001)                                                                    
TG = 3.2 mg/dL (95% CI = -5.1 
to11.6, NS)  
TC:HDL = -0.03 (95% CI = -0.19 to 
0.13, NS)               
LDL:HDL = -0.8 (95% CI = -0.22 to 
0.06, NS) 
Subgroup analysis: total and LDL-C: 
decreases in men > women by 10.3 
mg/dL (P = 0.052) and 11.2 mg/dL  
(P<0.02), respectively, and greater 
net reductions in TC:HDL and 
LDL:HDL in men than women  
NS by race for total, LDL-C, HDL-C, 
cholesterol ratios, and TG  
HDL-C greater by 4.1 mg/dL in those 
with higher baseline HDL (>45 mg/dL)  
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Table 4-B-IV-2 Overview Table: Cardiovascular Disease―continued 
Organized by dietary trial/dietary pattern 

 Citation 
Quality Rating 

Location 

Study Design 
Duration 

Study/Cohort 

Sample Size 
Age 

Gender 
Race/Ethnicity 

Dietary Pattern Overview Health Outcomes 

     FV diet vs control:                                               
Total C = -3.75 mg/dL  
(95% CI = -8.9 to 1.4, NS)                    
LDL-C = -1.9 mg/dL  
(95% CI = -6.6 to 2.7, NS) 
HDL-C = -0.2 mg/dL  
(95% CI = -1.6 to 1.2, NS)  
TG = -8.2 mg/dL  
(95% CI = -16.5 to 0.2, NS)  
TC:HDL = -0.14  
(95% CI = -0.29 to 0.02, NS)           
LDL:HDL = -0.10  
(95% CI = -0.23 to 0.04, NS) 
Subgroup analysis: LDL:HDL: 
decreased in men (P<0.05) 
TC:HD: decreased in both men and 
non-African Americans (P<0.05) 
TG: decreases in subjects with higher 
baseline TG  (P<0.05) 

5. Saneei et al., 
2013 
 
Positive 
 
Iran 

Randomized 
Controlled Trial 
 
6 wks 
 
Dietary 
Approaches to 
Stop 
Hypertension 
(DASH) Trial 
(modified) 

Initial N = 60 
Final N = 49  
18% attrition 
 
11–18 y 
Mean: 14.2+1.7 y 
Post-pubescent 
adolescent girls 
 
100% Girls 
 
100% Iranian 

Modified DASH Trial 
Control Diet (UDA/typical Iranian diet): 
CHO=50-60% 
Protein=15-20% 
Fat=<30% 
Dietary fiber=14 g/d 
SFA=24 g/d 
Ca, dairy product, nut, and legume contents 
of this diet were lower than DASH diet.  
Dietician gave general oral advice and 
written information about healthy food 
choices based on healthy MyPlate. 
 
DASH diet (modified for adolescents): 
CHO=53-58% 
Protein=15-18% 
Fat=26-30% 
High amounts of whole grains, fruits, 
vegetables, and low-fat dairy products as 
well as low amounts of saturated fats, 
cholesterol, refined grains, sweets, and red 
meat. Ca, K, and Mg contents of the DASH 
diet were higher than UDA. Contained 
<2,400 mg Na/d. Diet modified to conform to 
nutritional needs of adolescents.All diets 
designed to maintain participants' weight. 
 
 
 
 
 
 
 
 
 
 
 

DASH diet compared to UDA 
(control) diet: 
Change in SBP: P=0.13, NS 
Change in DBP: P=0.01 
 
DASH diet compared to UDA 
(control) diet: 
TG: P=0.90, NS  
Total cholesterol: P=0.31, NS 
HDL-C: P=0.31, NS 
LDL-C:  P=0.32, NS 
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Table 4-B-IV-2 Overview Table: Cardiovascular Disease―continued 
Organized by dietary trial/dietary pattern 

 Citation 
Quality Rating 

Location 

Study Design 
Duration 

Study/Cohort 

Sample Size 
Age 

Gender 
Race/Ethnicity 

Dietary Pattern Overview Health Outcomes 

DASH-Sodium Trial 
6. Sacks et al., 

2001 
 
Positive 
 
U.S. 

Randomized 
Controlled Trial 
 
30 d 
 
Dietary 
Approaches to 
Stop 
Hypertension 
(DASH)-Sodium 
Trial 

Initial N = 412 
Final N = 390 
  
DASH diet: 5% attrition   
Control diet: 6% attrition 
 
Intent to treat analysis 
 
Mean: 
DASH: 47±10 y 
Control: 49±10 y 
 
~55% Women 
 
56% Black,  
40% Non-Hispanic White  
4% Asian 

DASH-Sodium Trial 
Control diet:  Typical American diet was a 
diet with potassium, magnesium, and 
calcium ~ 25th percentile of U.S. 
consumption, and macronutrient and fiber at 
average U.S. consumption. 
 
DASH diet: Combination diet, high in fruits 
and vegetables and low-fat dairy foods with 
reduced total fat, SFA, and cholesterol; 
potassium, magnesium, and calcium ~ 75th 
percentile of U.S. consumption; and high 
amounts of fiber and protein. 

DASH vs control diet:  
SBP, high sodium = -5.9 mm Hg  
(95 % CI: -8.0 to -3.7, P<0.001)                                                          
SBP, intermed sodium = -5.0 mm 
Hg (95 % CI: -7.6 to -2.5, P<0.001)                                   
 SBP, low sodium = -2.2 mm Hg  
(95 % CI: -4.4 to -0.1, P<0.05) 
DBP, high sodium = -2.9 mm Hg  
(95 % CI: -4.3 to -1.5, P<0.001)                                                    
DBP, intermed sodium = -2.5 mm 
Hg (95 % CI: -4.1 to -0.8, P<0.01)                                       
DBP, low sodium = -1.0 mm Hg  
(95 % CI: -2.5 to 0.4, NS) 
Control diet, comparing high to 
low sodium:  
SBP = -6.7 mm Hg (95 % CI: -5.4  
to -8.0, P<0.001)                                                                
DBP = -3.5 mm Hg (95 % CI: -2.6  
to -4.3, P<0.001) 
DASH diet, comparing high to low 
sodium:   
SBP = -3.0 mm Hg (95 % CI: -1.7  
to -4.3, P<0.001)                                                                
DBP = -1.6 mm Hg (95 % CI: -0.8  
to -2.5, P<0.001) 
Control diet/high sodium 
compared to DASH diet/low 
sodium:                                                 
SBP = -8.9 mm Hg (95 % CI: -6.7  
to -11.1, P<0.001)                                                                     
DBP = -4.5 mm Hg (95 % CI: -3.1  
to -5.9, P<0.001) 
Sodium effect greater in HTN 
participants (P=0.01 control diet; 
P=0.003 DASH diet), in Blacks on 
control diet than other races 
(P=0.007), and in women on DASH 
than in men (P=0.04). 
The combination of the two dietary 
interventions lowered SBP more in 
participants with HTN than in those 
without HTN (P=0.004), and more in 
women than in men (P=0.02). 
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Table 4-B-IV-2 Overview Table: Cardiovascular Disease―continued 
Organized by dietary trial/dietary pattern 

 Citation 
Quality Rating 

Location 

Study Design 
Duration 

Study/Cohort 

Sample Size 
Age 

Gender 
Race/Ethnicity 

Dietary Pattern Overview Health Outcomes 

7. Svetkey et al., 
2004 
 
Positive 
 
U.S. 

Randomized 
Controlled Trial 
 
30 d 
 
Dietary 
Approaches to 
Stop 
Hypertension 
(DASH)-Sodium 
Trial 

Initial N = 412 
Final N = 390  
5% attrition 
 
Mean: ~50 y 
 
~60% Women 
 
60% Black  
~37% Non-Hispanic White 
~ 3% Other  

DASH-Sodium Trial 
As above 

HTN subjects  
BP Control (30 d):  
Control = 32% (NS), 51% (P <0.01), 
and 74% (P<0.01) at high, intermed, 
and low sodium 
 DASH = 63% (P<0.01), 65%  
(P<0.01), and 84% (P<0.01) 
DASH vs Control diet:  
high sodium in DASH diet, increased 
BP control 2X (95% CI = 1.4 - 2.9); at 
intermediate sodium, increased BP 
control 2 X (95% CI = 1.4 - 3.0); at 
low sodium, increased BP control 2.6 
X (95% CI = 1.9 - 3.7)  
Maximum BP control rate (84%) was 
achieved with the DASH/lower 
sodium diet. 
DASH vs Control diet:                                                                      
SBP:  high sodium = -6.8 mm Hg 
(P<0.0001), intermed sodium = -6.2 
mm Hg (P<0.0001), and low sodium 
= -3.0 mm Hg (P<0.05) 
ISH subjects, comparing DASH to 
control diet: SBP:  high sodium =  
-4.4mm Hg (P<0.0001), intermed 
sodium = -6.3 mm Hg (P<0.0001), 
and low sodium = -4.3 mm Hg 
(P<0.05)  
High-normal BP subjects,  
DASH vs control diet:                                                        
SBP:  high sodium = -4.5 mm Hg 
(P<0.0001), intermed sodium = -3.5 
mm Hg (P<0.0001), and low sodium 
= -0.7 mm Hg (NS) 
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Table 4-B-IV-2 Overview Table: Cardiovascular Disease―continued 
Organized by dietary trial/dietary pattern 

 Citation 
Quality Rating 

Location 

Study Design 
Duration 

Study/Cohort 

Sample Size 
Age 

Gender 
Race/Ethnicity 

Dietary Pattern Overview Health Outcomes 

OmniHeart Trial 
8. Appel et al., 

2005 
 
Positive 
 
U.S. 

RCT 
 
6 wks 
 
OMNI-Heart 
(Optimal 
Macronutrient 
Intake Trial 
to Prevent Heart 
Disease) 

Initial N = 191 
Final N = 164 
14% attrition 
 
Mean:  
53.6±10.9 y 
 
73% Women 
 
55% Black 
40% White 
5% Other 

OmniHeart Trial with DASH 
3 healthful diets that model the principles of 
the Dietary Approaches to Stop 
Hypertension (DASH) dietary pattern. Each 
study diet differed in the amount of 
carbohydrates, protein, and unsaturated fat 
while keeping the calorie levels the same. 
Each diet was reduced in saturated fat, 
cholesterol, and sodium, and rich in fruits, 
vegetables, fiber, potassium, and other 
minerals at recommended levels. 
 
CHO diet: (similar to DASH) 
CHO = 58%  
Fat = 27%  (6% SFA) 
Pro = 15% 
 
Protein diet:  
CHO = 48%  
Fat = 27% (6% SFA) 
Pro = 25%  
 
Unsaturated Fat diet:: 
CHO = 48% 
Fat = 37% (21% MUFA, 10% PUFA) 
Pro = 15% 

CHD risk: estimated using 
Framingham equation                                                                  
Compared with baseline, 10 y CHD 
risk was lower for each diet:                              
16.1% (Carb)                                                            
21.0% (Protein)                                                      
19.6% (Unsat Fat)  
Protein vs Carb diet:  
↓10 y CHD risk by 5.8%                                                                        
Unsat Fat vs Carb:  
↓ 10 y CHD risk by 4.2% 
 
Resting BP: (post-treatment vs 
pretreatment)   
Carb:                                                                      
SBP = -8.2 mm Hg  
(95% CI = -9.6 to -6.8)          
 DBP = -4.1 mm Hg  
(95% CI = -5.0 to -3.3)             
 Protein:                                                                       
SBP = -9.5 mm Hg  
(95% CI = -10.9 to - 8.2)     
DBP = -5.2 mm Hg  
(95% CI = -6.1 to - 4.4)    
Unsat Fat:                                                              
SBP = -9.3 mm Hg 
(95% CI = -10.6 to -8.0)      
DBP = -4.8 mm Hg  
(95% CI = -5.6 to - 4.0) 
Protein vs Carb diet: lowered SBP 
(P=0.002) and DBP (P<0.001) in all 
participants         
Unsat Fat vs Carb diet: lowered 
SBP (P=0.005) and DBP (P=0.02) in 
all participants  
Protein vs Carb diet: lowered SBP 
(P=0.006) and DBP (P=0.008) in 
hypertensives           
Unsat Fat vs Carb diet: lowered 
SBP (P=0.02) and DBP (P=0.02) in 
hypertensives  
For the 32 hypertensives, 38% 
remained hypertensive on the Carb, 
22% on the Protein, and 19% on the 
Unsat Fat diets 
Protein vs Carb diet:                                      
Decreased Total-C (P<0.001), LDL-C 
(P=0.01), HDL-C (P=0.02), and TG 
(P< 0.01 ) in all participants                                                       
Unsat Fat vs Carb diet:                                    
Increased HDL-C (P=0.03) in all 
participants                                    
Decreased total-C (P=0.04) and TG 
(P=0.02) in all participants                                              
Protein vs Unsat Fat diet:                            
Decreased Total-C (P < 0.001), HDL-
C (P<0.001), and TG (P=0.03) in all 
participants  
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Table 4-B-IV-2 Overview Table: Cardiovascular Disease―continued 
Organized by dietary trial/dietary pattern 

 Citation 
Quality Rating 

Location 

Study Design 
Duration 

Study/Cohort 

Sample Size 
Age 

Gender 
Race/Ethnicity 

Dietary Pattern Overview Health Outcomes 

PREMIER Trial 
9. Lien et al., 2007 

 
Positive 
 
U.S. 

Randomized 
Controlled Trial 
 
6 mos 
 
PREMIER: 
Lifestyle 
Interventions for 
Blood Pressure 
Control Trial 

Initial N = 810 
Final N = 796 
1.7% attrition  
 
No Metabolic syndrome      
Mean: 49.9±9.0 y  
65% Women        
39% Black 
 
Metabolic syndrome      
Mean:49.7±8.6 y   
58% Women    
30% Black 
 
 
 

PREMIER Trial with DASH 
Control group: Advice only 
 
Both the EST and EST+DASH interventions 
included weight loss of ≥15 lb (6.8 kg) for 
those with a body mass index ≥25, ≥180 
min/wk of moderate-intensity physical 
activity, ≤100 mmol/d of dietary sodium, and 
≤1 oz/d of alcohol (men) or 0.5 oz/d 
(women).  
 
EST+DASH followed DASH dietary pattern, 
consuming 9-12 serv of fruits and vegetables 
and 2-3 serv of low-fat dairy products daily 
and limiting total and SAF to ≤25% and <7% 
of total calories, respectively. 

MetSyn                                                                   
Est vs control:   
SBP: -1.58 mm Hg (95% CI = -3.78 
to 0.63, P<0.05 MetS vs no MetS)                                      
DBP: -0.9 mm Hg  
(95% CI = -2.54 to 0.55, NS) 
EST + DASH vs control:                                      
SBP: -3.01 mm Hg  
(95% CI = -5.26 to -0.76, P<0.025)                                                                   
DBP: -1.55 mm Hg  
(95% CI = -3.12 to 0.02, P<0.05) 
No MetSyn                                                             
Est vs control:                                                     
SBP: -5.80 mm Hg  
(95% CI = -8.04 to -3.56, P<0.025 
treatment) groups,  P<0.05 MetS vs 
no MetS)                                                                   
DBP: -2.37 mm Hg  
(95% CI = -3.98 to -0.80, P<0.025) 
EST + DASH vs control:                                      
SBP: -4.97 mm Hg  
(95% CI = -7.15 to -2.80, P<0.025)                                                                   
DBP: -3.18 mm Hg  
(95% CI = -4.70 to -1.67, P<0.025) 
MetSyn                                                                   
Est vs control:                                                   
Total-C: -7.98 mg/dL  
(95% CI = -13.61 to -2.35, P<0.025)                                                             
LDL-C: -4.63 mg/dL  
(95% CI = -9.69 to 0.43, NS)                                                                
HDL-C: 0.67 mg/dL  
(95% CI = -0.82 to 2.16, NS)                                                                   
TG (LN): -0.16 mg/dL (95% CI =  
-0.25 to -0.07, P<0.025) 
EST + DASH vs control:                                       
Total-C: -5.91 mg/dL  
(95% CI = -11.67 to -0.15, P<0.05)                                                               
LDL-C: -3.41 mg/dL  
(95% CI = -8.63 to 1.82, NS)                                                                
HDL-C: 0.09 mg/dL  
(95% CI = -1.44 to 1.61, NS)                                                                    
TG (LN): -0.08 mg/dL  
(95% CI = -0.17 to 0.02, NS) 
No MetSyn                                                             
Est vs control:                                                       
Total-C: -7.41 mg/dL  
(95% CI = -13.06 to -1.76, P<0.025)                                                              
LDL-C: -6.89 mg/dL  
(95% CI = -11.84 to -1.95, P<0.025)                                                                
HDL-C: 1.42 mg/dL  
(95% CI = -0.07 to 2.92, NS)                                                                     
TG (LN): -0.10 mg/dL  
(95% CI = -0.19 to -0.01, P<0.025) 
EST + DASH vs control:                                   
Total-C: -7.06 mg/dL  
(95% CI = -12.51 to -1.62, P<0.025)                                                             
LDL-C: -5.13 mg/dL  
(95% CI = -9.91 to -0.34, P<0.05)                                                                    
HDL-C: -0.63 mg/dL  
(95% CI = -2.07 to 0.81, NS)                                                                    
TG (LN): -0.05 mg/dL  
(95% CI = -0.14 to 0.04, NS) 
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Table 4-B-IV-2 Overview Table: Cardiovascular Disease―continued 
Organized by dietary trial/dietary pattern 

 Citation 
Quality Rating 

Location 

Study Design 
Duration 

Study/Cohort 

Sample Size 
Age 

Gender 
Race/Ethnicity 

Dietary Pattern Overview Health Outcomes 

ENCORE Trial 
10. Blumenthal et 

al., 2010 
 
Positive 
 
U.S. 

Randomized 
Controlled Trial 
 
4 mos 
 
ENCORE  
(Exercise & 
Nutrition 
interventions for 
Cardiovascular 
Health)  

Initial N = 144  
Final N = 140 
3% attrition  
 
Mean:  
52±10 y 
 
67.4% Women 
 
60% White 
39% Black 
1% Asian 

ENCORE Trial with DASH 
Control diet (UC): Participants maintained 
their usual diet and exercise habits; 34% E 
from fat, 15% from protein; K, Mg, Ca and 
fiber levels ~ 25th percentile of U.S. 
consumption. 
DASH diet: Rich in fruits and vegetables (8-
10 svgs/d), and low-fat dairy foods; reduced 
amounts of saturated fat, total fat, and 
cholesterol; K, Mg, Ca content at ~ 75th 
percentile of U.S. consumption, high 
amounts of fiber and protein; 27% E from fat, 
and 18% E from protein. Sodium content: 
2400 mg/2000 kcal. 
DASH diet alone (DASH-A): Subjects 
received instruction to meet DASH 
guidelines, told not to exercise or attempt to 
lose weight; met weekly in a small group for 
coaching on diet. 
DASH plus Weight Management (DASH-
WM): Subjects received instruction on the 
DASH diet with a 500 kcal deficit, attended a 
weekly cognitive-behavioral weight loss 
intervention and participated in supervised 
exercise 3X/wk. 

Clinic-measured BP: (reduction, 
post-treatment vs pretreatment)         
DASH-WM:                                                          
SBP = 16.1 mm Hg (95% CI = 13.0 - 
19.2)                                                    
DBP = 9.9 mm Hg (95% CI = 8.1 - 11.6) 
DASH-A:                                                                
SBP = 11.2 mm Hg (95% CI = 8.1 -
14.3)                                                     
DBP = 7.5 mm Hg (95% CI = 5.8 - 9.3)  
UC diet:                                                                 
SBP = 3.4 mm Hg (95% CI = 0.4 - 6.4)                                                 
DBP = 3.8 mm Hg (95% CI = 2.2 - 5.5) 
DASH-WM + DASH-A vs UC:  
lowered SBP and DBP (P<0.001)                                                
DASH-WM vs DASH-A: lowered 
SBP P<0.02) and DBP (P=0.048)  
ABP: (reduction, post-treatment vs 
pretreatment)                                                 
DASH-WM:                                                          
SBP = 10.2 mm Hg (95% CI = 6.8 -
13.6)                                                     
DBP = 5.4 mm Hg (95% CI = 3.4 - 7.4) 
DASH-A:                                                                
SBP = 5.3mm Hg (95% CI = 2.0 - 8.6)                 
DBP = 2.9 mm Hg (95% CI = 1.0 - 4.9) 
UC diet:                                                                  
SBP = 0.2 mm Hg (95% CI = -3.4 - 7.4)                                                 
DBP = 0.003 mm Hg (95% CI = -1.8 - 
1.9) 
DASH-WM + DASH-A vs UC:  
lowered ASBP and ADBP (P<0.001)                                               
DASH-WM vs DASH-A:  lowered 
ASBP (P<0.01) and ADBP (P=0.03) 
Hypertension post-treatment:                            
38.8% UC group participants were 
hypertensive  compared with 12.2% 
in DASH-WM and 7 15.2% in DASH-A 

11. Blumenthal, 
Babyak, 
Sherwood et 
al., 2010   
 
Positive 
 
U.S. 

Randomized 
Controlled Trial 
 
4 mos 
 
ENCORE 
(Exercise & 
Nutrition 
interventions for 
Cardiovascular 
Health)  

Initial N = 144  
Final N = 138 
4% attrition  
 
Mean:  
52±10 y 
 
67% Women 
 
60% White 
39% Black 
1% Asian 

ENCORE Trial with DASH 
As above 
 

DASH-WM vs DASH-A:                                    
Total-C (P=0.008)                                              
LDL-C (P=0.054, NS)                                         
HDL-C (P=0.115, NS)                                           
TG (P<0.001)  
DASH-WM vs UC:                                                  
Total-C (P<0.001)                                              
LDL-C (P=0.005)                                                
HDL-C (P=0.911, NS)                                           
TG (P<0.001)  
DASH-A vs UC:                                                  
Total-C (P=0.364, NS)                                      
LDL-C (P=0.715, NS)                                         
HDL-C (P=0.047)                                                  
TG (P=0.900, NS)  
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Table 4-B-IV-2 Overview Table: Cardiovascular Disease―continued 
Organized by dietary trial/dietary pattern 

 Citation 
Quality Rating 

Location 

Study Design 
Duration 

Study/Cohort 

Sample Size 
Age 

Gender 
Race/Ethnicity 

Dietary Pattern Overview Health Outcomes 

Vegetarian Diets 
12. Burr and 

Butland, 1988 
 
Neutral 
 
U.K. 

Prospective 
Cohort Study 
 
10–12 y 
 
Cohort not 
identified 

N = 10,896 
 
>10 y at date of entry 
 
60% Women 
 
Not Reported 

Vegetarian pattern  
 
Participants were asked if they were 
vegetarian. ~43% of vegetarians identified 
themselves as lacto-ovovegetarians. 
Vegetarian pattern not defined further other 
than participants did not consume "meat" 
(also undefined).   

Comparing vegetarians to non-
vegetarians: 
Ischemic heart disease:                                
Standardized Mortality (SMR) = 42.8 
for vegetarians                                                 
Standardized Mortality (SMR) = 60.1 
for nonvegetarians (p<0.01) 
Effect seen in both men and women, 
but greater in men (significance not 
indicated). 
NS difference between vegetarians 
and nonvegetarians in 
cerebrovascular deaths 

13. Chang-Claude 
et al., 2005 
 
Neutral 
 
Germany 

Prospective 
Cohort Study 
 
21 y 
 
German 
Vegetarian Study 

N = 1,724 
 
31% ≤34 y 
30% ≤54 y 
29% ≥55 y 
10% ≥75 y 
 
55% Women 
 
Not Reported 

Vegetarian pattern 
 
Vegan (no meat, fish, eggs, and dairy) and 
lacto-ovo vegetarian (no meat and fish, but 
ate eggs and/or dairy). Non-vegetarian 
(occasionally or regularly ate meat and/or 
fish). 

Comparing vegetarians to health 
conscious non-vegetarians:  
Mortality from circulatory 
diseases: RR = 0.83 (95% C I =  
0.62 - 1.12, NS)   
Mortality from ischemic heart 
disease:  RR = 0.70 (95% CI = 0.41 - 
1.18, NS) 

14. Crowe et al., 
2013 
 
Positive 
 
U.K. 

Prospective 
Cohort Study 
 
11.6 y 
 
European 
Prospective 
Investigation into 
Cancer and 
Nutrition (EPIC)-
Oxford Study 

Initial N = 57,446  
Final N = 44,561 (IHD 
analysis) 
 
Final N = 1,546 (non-
cases for blood lipids) 
Final N = 1,519 (non-
cases for BP)  
 
Nonvegetarian  
Men = 49±13.3 y 
Women = 46.3+13.2 y 
 
Vegetarian        
Men = 41.8+13.3 y 
Women = 38.4+12.7 y 
  
76.2% Women 
 
Not Reported 

Vegetarian pattern 
 
FFQ used estimated the intake of 130 
different food items over the past 12 mo. 
Participants were asked if they ate any meat, 
fish, eggs, or dairy products and were 
categorized for this analysis as vegetarians if 
they did not eat meat and fish. 

IHD: 1,235 cases of IHD  
Angina pectoris (N=332; 27%), acute 
MI (N=261; 21%), chronic IHD 
(N=619; 50%)                                                                                                          
 
IHD, comparing  vegetarians to 
nonvegetarians: 
HR=0.68 (95% CI = 0.58 - 0.81) 
P<0.001 
 
SBP: comparing vegetarians to 
nonvegetarians: 
SBP decrease = -3.3 mm Hg (95% CI 
= 0.7 - 5.9) 
DBP: NS 
 
Non-HDL Cholesterol: comparing 
vegetarians to nonvegetarians:                                                             
Non-HDL-C decrease = 0.45 mmol/L 
(95% CI = 0.30 - 0.60) 

15. Key et al., 1996 
 
Neutral 
 
U.K. 

Prospective 
Cohort Study 
 
16.8 y 
 
Cohort not 
identified; 
includes Seventh 
Day Adventists 

N = 10,771 
 
Mean: 
Men: 45.7±17.7 y 
Women: 45.9±18.3 y 
 
~60% Women 
 
Not Reported 

Vegetarian pattern 
 
Subjects asked if vegetarian, but not 
described further. Dietary variables were 
dichotomized as vegetarian or non-
vegetarian. or  daily vs <daily intake of whole 
meal bread, bran cereals, nuts or dried fruit, 
fresh fruit, and raw vegetable salads as 
individual components. 

Comparing vegetarians to non-
vegetarians:  
Ischemic heart disease: Mortality 
ratio = 0.85 (95% CI = 0.68 - 1.06, 
NS)  
Cerebrovascular disease: Mortality 
ratio = 0.96 (95% CI = 0.69 - 1.34, 
NS)  
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Table 4-B-IV-2 Overview Table: Cardiovascular Disease―continued 
Organized by dietary trial/dietary pattern 

 Citation 
Quality Rating 

Location 

Study Design 
Duration 

Study/Cohort 

Sample Size 
Age 

Gender 
Race/Ethnicity 

Dietary Pattern Overview Health Outcomes 

16. Key et al., 1999 
 
Neutral 
 
U.S., U.K., 
Germany 

Prospective 
Cohort Study 
 
5.6–18.4 y 
(mean=10.6 y) 
 
5 studies: 
Adventist 
Mortality, Health 
Food Shoppers, 
Adventist Health, 
Heidelberg, and 
Oxford 
Vegetarian 

N = 76,172 
 
16–89 y 
 
60% Women 
 
Not Reported 

Vegetarian pattern 
 
In the Health Food Shoppers Study, 
vegetarians were people who replied “yes” to 
the question “Are you a vegetarian?”, 
whereas in the 4 other studies, vegetarians 
were defined as people who reported that 
they did not eat any meat or fish; all others 
were defined as nonvegetarians. 

Comparing vegetarians to 
nonvegetarians:  
Ischemic heart disease (IHD), death 
rate ratio = 0.76 (95% CI: 0.62 - 0.94, 
p<0.01) 
Cerebrovascular disease, death rate 
ratio = 0.93 (95% CI: 0.74 - 1.17, NS)  
 
IHD for men, death rate ratio = 0.69 
(95% CI: 0.56 - 0.84)  
IHD for women, death rate ratio = 
0.80 (95% CI: 0.67 - 0.95)   
 
Cerebrovascular disease for men, 
death rate ratio = 0.77 (95% CI: 0.57 
- 1.02, NS)  
Cerebrovascular disease for 
women, death rate ratio = 0.98 (95% 
CI: 0.80 - 1.20, NS)  

17. Orlich et al., 
2013 
 
Positive 
 
U.S. 

Prospective 
Cohort Study 
 
Positive 
 
Adventist Health 
Study 2 

Initial N = 96,469 
Final N = 73,308 
 
Mean: 
Vegan: 57.9+13.6 y  
Lacto-Ovo: 57.5+13.9 y  
Pesco: 58.8+13.7 y 
Semi: 57.8+14.1 y 
Nonvegetarian: 55.9+ 
13.1  y 
 
~66% Women 
 
All: 
Vegan: 63.8% 
Lacto-Ovo: 64.9% 
Pesco: 68.0% 
Semi: 69.7% 
Nonvegetarian: 65.3% 
 
Black: 
Vegan: 21.0% 
Lacto-Ovo: 13.6% 
Pesco: 39.1% 
Semi: 17.8% 
Nonvegetarian: 34.0% 

Vegetarian pattern 
Vegan: eggs/dairy, fish, and all other meats 
less than 1 time/month 
Lacto-ovo: eggs/dairy 1 time/month or more, 
but fish and all other meats less than  
1 time/month 
Pesco: fish 1 time/month or more, but all 
other meats less than 1 time/month 
Semi: nonfish meats 1 time/month or more 
and all meats combined (fish included)  
1 time/month or more, but no more than  
1 time/week 
Nonvegetarians: nonfish meats 1 time/month 
or more and all meats combined (fish 
included) more than 1 time/week 

Cause-Specific Mortality:   
2,932 deaths among 73,308 
participants: Ischemic heart disease 
= 372; Cardiovascular disease = 987 
 
Comparing all vegetarians 
combined to nonvegetarians: 
IHD: 
All: HR=0.81 (95% CI = 0.64 - 1.02), 
NS; Men: HR=0.71 (95% CI = 0.51 - 
1.00); Women: HR = 0.88 (95% CI = 
0.65 - 1.20), NS  
CVD: 
All: HR=0.87 (95% CI = 0.75 - 1.01), 
NS; Men: HR=0.71 (95% CI, 0.57-
0.90); Women: HR=0.88 (95% CI = 
0.65 - 1.20), NS 
Comparing pesco-vegetarians to 
nonvegetarians: 
IHD: 
All: HR=0.65 (95% CI = 0.43 - 0.97); 
Women: HR=0.51 (95% CI = 0.26 - 
0.99); Men, NS  
CVD: 
All, NS; Men: HR=0.66 (95% CI, 0.44 
- 0.98); Women, NS 
Comparing lacto-ovo vegetarians 
to nonvegetarians: 
CVD: 
All, NS; Men: HR=0.77 (95% CI = 
0.59 - 0.99); Women, NS  
Comparing vegans to 
nonvegetarians: 
IHD: 
All, NS; Men: HR=0.45 (95% CI = 
0.21 - 0.94); Women, NS  
CVD: 
All, NS; Men: HR=0.58 (95% CI = 
0.38 - 0.59); Women, NS 
Comparing vegetarians to 
nonvegetarians: Stroke:                           
All: HR=1.10 (95% CI = 0.82 - 1.47), 
NS; Men: HR=0.83 (95% CI = 0.52 - 
1.31), NS; Women: HR=1.27 (95% CI 
= 0.89 - 1.80), NS 
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Table 4-B-IV-2 Overview Table: Cardiovascular Disease―continued 
Organized by dietary trial/dietary pattern 

 
Citation 

Quality Rating 
Location 

Study Design 
Duration 

Study/Cohort 

Sample Size 
Age 

Gender 
Race/Ethnicity 

Dietary Pattern Overview Health Outcomes 

18. Margetts et al, 
1985 
 
Neutral 
 
Australia 

Randomized 
Controlled Trial  
 
14 wks 
 
Cohort not 
identified 

Initial N = 60 
Final N = 58 
3% attrition 
 
Mean: 
49.1±9.6 y  
 
28% Women 
 
Not Reported 

Ovo-lacto vegetarian pattern  
 
Dietary goals: Avoid all meat, fish, and 
poultry; eat only whole grain cereal when 
possible; double fruit intake; increase 
vegetable consumption; replace all butter, 
cooking fats, and oils with only PUFA 
vegetable margarine/oils; maintain intake of 
cheese, eggs, salt, and total  calories at pre-
study levels. 
 

OLV vs usual control diet:                                
SPB: ~ -5 mmHg (P<0.05)                               
DBP: NS 
Subjects with pre-study SBP >160 
mm HG:     
SBP = -12.3 mmHg (OLV diet)                            
SBP = -8.5 mmHg (control diet) 
Subjects with pre-study SBP >140 
mm Hg:      
30% SBP ↓ <140 mmHg (OLV diet)          
8% SBP ↓ <140 mmHg (control diet)   

WHI-DM Trial 
19. Howard et al., 

2006 
 
Positive  
 
U.S. 

Randomized 
Controlled Trial 
 
8.1 y (3 y for 
blood pressure 
and blood lipids)  
 
Women's Health 
Initiative (WHI) 
Dietary 
Modification 
(DM) Trial 

Initial N = 48,835  
Final N = 44,351  
 
Intent to treat analysis 
 
50-69 y 
Mean: 62 y 
 
100% Women 
(Postmenopausal) 
 
White= ~81% 
Black= ~11% 
Hispanic= ~4% 
Other= ~4% 

Low-fat dietary pattern 
 
Dietary goals: Reduce total dietary fat to 
20% and increase intake of vegetables and 
fruit to 5 or more servings and grains (whole 
grains encouraged) to 6 or more servings 
daily; intervention did not encourage weight 
loss or caloric reduction. 

Intervention compared to control 
group: 
CVD: HR = 0.98 (95% CI = 0.92 - 
1.05, NS) 
CHD: HR = 0.97 (95% CI = 0.90 - 
1.06, NS) 
 
Intervention group that reached the 
lowest SFA* (< 6.1%E) compared to 
control:  
CHD: HR = 0.81 (95% CI: 0.69 - 0.96, 
P for trend <0.001)  
 
Intervention group that reached the 
lowest trans fat* (< 1.1%E) compared 
to control:  
CHD: HR = 0.81 (95% CI: 0.69 - 0.95, 
P for trend <0.001)  
 
Intervention group that reached 
highest intakes of vegetables/fruits* 
(≥6.5 serv/d) compared to control:  
CHD: HR = 0.88 (95% CI: 0.76 - 1.03, 
P for trend <0.001) 
 
*Individuals stratified by quartiles of 
achieved levels of key nutrients at 
year 1 
 
Intervention compared to control 
group: 
Stroke: HR = 1.02 (95% CI = 0.90 - 
1.15, NS) 
 
Intervention vs control group: 
SBP: Mean difference = -0.17 mm Hg 
(95% CI = -0.49 to 0.15, NS) 
DBP: Mean difference = -0.31 mm Hg 
(95% CI = -0.50 to -0.13, P< 0.001) 
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Limitations of the Evidence 
In the DASH trials, including the original DASH and DASH-sodium, the feeding phases were relatively brief (4-8 
weeks) and the trial outcomes were CVD risk factors, not clinical events. In DASH trials with free-living 
populations, including PREMIER and ENCORE, there was the potential for selection bias, as participants may have 
been more motivated toward behavior modifications. 
 
The studies on vegetarian diets were all prospective cohort studies, and there was the potential for vegetarian cohorts 
to be relatively health conscious in other lifestyle components, in addition to diet. Additionally, in these studies, 
analyses relied on single baseline measurements of diet, without further dietary intake assessment over the time 
course of prospective studies. Related to the specific systematic review question on dietary patterns, vegetarian diets 
including vegan, lacto-ovo vegetarian, and pesco vegetarian, were most-often described by what was excluded from 
the diet rather than a full dietary pattern including all foods and beverages consumed. Overall, the definition of 
vegetarian diets has not been standardized. 
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Quality Rating 
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Race/Ethnicity 

Dietary Pattern Overview Health Outcomes 

     Intervention vs control group: 
Total Cholesterol: Mean difference 
= -3.26 mg/dL (95% CI = -6.53 to  
-0.00, P< 0.05) 
LDL C: Mean difference = -3.55 
mg/dL (95% CI = -6.58 to -0.52, 
 P<0.05) 
HDL C: Mean difference = 0.43 
mg/dL (95% CI = -1.42 to 0.57, NS) 
Total/HDL C: Mean difference =  
-0.04 (95% CI = -0.13 to -0.5, NS) 
TG: Mean difference = 0.00 mg/dL 
(95% CI = -0.03 to 0.04, NS) 

NORDIET Trial 
20. Adamsson et 

al., 2011 
 
Positive 
 
Sweden 

Randomized 
Controlled Trial 
 
6 wks 
 
NORDIET 
(Nordic Diet) 

Initial N = 88  
Final N = 86 
2% attrition 
 
Mean: ~53 years 
 
~63% Women 
 
Not Reported 

Nordic pattern 
 
Dietary goals: Consume Nordic Diet (ND) 
based on Nordic nutrition recommendations. 
ND rich in high-fiber plant foods from fruits, 
berries, vegetables, whole grains (oats and 
barley), rapeseed oil, nuts, fatty fish and low-
fat dairy products, but low in salt, added 
sugars and saturated fats. Contains some 
poultry, red meat, fish and low-fat milk. 
Macronutrient distribution: 27%, 52%, 19% 
and 2% of energy from fat, carbohydrate, 
protein and alcohol, respectively. 

ND vs control diet:  
SBP: −6.55±13.18 mmHg  
(P=0.008)  
NS when adjusted for weight change 
over 6 wks  
DBP:  NS 
 
ND vs control: 
Total-C: −0.98±0.75 mmol/L  
(P < 0.0001)     
LDL-C: −0.98±0.67 mmol/L  
(P < 0.001)  
HDL-C: −0.08±0.23 mmol/L  
(P < 0.001)    
LDL/HDL: −0.42±-0.57 (P = 0.003) 
 
Difference between groups in LDL-C 
(P < 0.001) and total-C, HDL-C, and 
LDL/HDL (all P<0.05) remained after 
adjusting for weight change 
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Research Recommendations 
Vegetarian diets are often defined by what is excluded from the diet rather than what is included; therefore, 
researchers should make efforts to characterize the diets of self-identified vegetarians more fully in terms of their 
patterns of food choice. In addition, standardization of the various definitions of vegetarian diets across different 
populations and locations would further advance knowledge in this area. The benefits of vegetarian diets are 
associated, in part, with decreased consumption of animal products; given this, it would help to inform policy if 
investigators could determine how much of a decrease in animal product consumption is most beneficial related to 
CVD risk. Methodologically, research in this area could be further improved by measuring dietary intake at regular 
intervals over the course of prospective studies, rather than just at baseline.  
 
Further research needs to be done to clarify the effect of a DASH diet on blood pressure outcomes by racial/ethnic 
subgroups, as well as gender differences in blood lipid measures. The potential gender difference in the association 
between vegetarian diets and CHD mortality (i.e., more pronounced in men) needs to be further clarified, and this 
could be informed by detailed analyses of different forms of vegetarian diets including vegan, lacto-ovo vegetarian, 
and pesco-vegetarian diets, together with a fuller accounting of what these diets include as well as exclude.  
Women’s diets tend to have higher diet quality with regard to a number of dietary dimensions other than protein 
sources which could explain why this particular exclusion does not have as pronounces an effect among them. 
 
Abbreviations  
Diet Trials and Cohorts: Dietary Approaches to Stop Hypertension (DASH); European Prospective Investigation 
into Cancer and Nutrition (EPIC); Exercise and Nutrition interventions for CardiOvasculaR hEalth (ENCORE); 
Nordic Diet (NorDiet); Optimal Macronutrient Intake Trial to Prevent Heart Disease (OmniHeart); Women’s Health 
Initiative (WHI) Dietary Modification (DM) Trial; The Multi-Ethnic Study of Atherosclerosis (MESA); The 
Netherlands (NL), British Civil Service cohort (Whitehall study) 
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Chapter 4-C. The Relationship Between Dietary Patterns and 
Risk of Type 2 Diabetes 

 

Section I: Index Analysis  
By Mary M. McGrane and Joan Lyon 
 
What is the relationship between adherence to dietary guidelines/recommendations or 
specific dietary patterns, assessed using an index or score, and risk of type 2 diabetes?  

 
 

TECHNICAL ABSTRACT 

Background  

The goal of this systematic review project was to identify dietary patterns of food and beverage intake that promote 
health and prevent disease. Historically, most dietary guidance has been based on research conducted on individual 
food components or nutrients. Dietary patterns are defined as the quantities, proportions, variety, or combination of 
different foods, drinks, and nutrients in diets, and the frequency with which they are habitually consumed. The 
objective of this systematic review was to assess the relationship between adherence to an a priori score and risk of 
cardiovascular disease. An a priori score measures the degree of adherence to specific dietary guidelines or 
adherence to a healthy diet defined by scientific evidence on diet and disease. A priori scores are composite 
numeric scores of foods, food components, and/or nutrients that are assessed as dichotomous variables (with 
predefined cut-points), ordinal variables such as quintiles, or as continuous variables. The individual components 
are summed to derive a total score.   
 
Conclusion Statement  
There is limited evidence that adherence to a dietary pattern rich in fruits, vegetables, legumes, cereals/whole 
grains, nuts, fish, and unsaturated oils and low in meat and high-fat dairy assessed using an index or score, is 
associated with decreased risk of type 2 diabetes. (Grade: III-Limited) 
 
Methods  

Literature searches were conducted using PubMed, Embase, Navigator (BIOSIS, CAB Abstracts, and Food Science 
and Technology Abstracts), and Cochrane databases to identify studies that evaluated the association between 
dietary patterns (using an a priori index or score) and risk of obesity. Studies that met the following criteria were 
included in the review: randomized controlled trials, non-randomized controlled trials, or prospective cohort 
studies; subjects aged 2 to 18 years; subjects who were healthy or at elevated chronic disease risk; subjects from 
countries with high or very high human development (2011 Human Development Index); and published in English 
in peer-reviewed journals. The date range was unlimited. Diet exposure was assessed by adherence to a hypothesis-
based dietary pattern, defined using a numerical scoring system.  
 
A group of technical experts were involved in a qualitative synthesis of the body of evidence, development of a 
conclusion statement, and assessment of the strength of the evidence (grade) using pre-established criteria including 
evaluation of the quality, quantity, consistency, magnitude of effect, and generalizability of available evidence.   
 
Findings  

• A total of 11 studies met the inclusion criteria for this systematic review and the body of evidence 
consisted primarily of large prospective cohort studies.  

• The studies identified two major categories of dietary pattern scores and their association with incident 
T2D was mixed. 
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• Mediterranean style dietary pattern: 

o European studies (Spain and Greece) found a favorable association between a Mediterranean diet and 
risk of T2D 

o A study in the United States found no association between a Mediterranean diet and T2D incidence in 
the total population, in men or women, or in racial/ethnic subgroups   

• Dietary guidelines-related pattern (each study used a different score or index):   
o Adherence to the alternate HEI (AHEI) was associated with decreased risk of T2D in women in the 

United States  
o Adherence to a DASH score was associated with reduced risk of T2D in Whites, but not in the Blacks 

and Hispanics in the United States  
o Adherence to the DQI-2005 was not associated with risk of T2D in young adults in the total 

population or in Black or White young adults in the United States 
o European studies ( Australia and Germany) found no association between their dietary guidelines 

scores and incident T2D 
• Studies that assessed intermediate outcomes including glucose tolerance and insulin resistance showed 

there was some agreement that a Mediterranean style diet was protective. 
 
Discussion  

It was challenging to synthesize the results because of the number of indices examined, including MDS, variations 
on MDS, and a large number of unique dietary guidelines-related scores. Overall, there were not a compelling 
number of studies with any one index. Of the eight studies that examined diabetes incidence, seven different scores 
were used and only the MDS was used in two studies. Of the five studies that assessed glucose tolerance and 
insulin resistance, all used different scores.  
 
 

PLAIN LANGUAGE SUMMARY 
Is adherence to dietary guidelines or specific dietary patterns, assessed by a predetermined 

score, related to the likelihood of developing type 2 diabetes? 

In the past, researchers looked at the relationship between individual foods and nutrients and health. Today, there is 
interest in looking at how combinations of foods and beverages, or dietary patterns, impact health. Many 
researchers use a score to measure how well individuals follow specific dietary guidance or a healthy diet. These 
are numeric scores of foods, food components, and/or nutrients and the individual components are summed to 
derive a total score for a dietary pattern. This summary of a NEL review presents what we know about dietary 
patterns, assessed using a score, and the likelihood of developing type 2 diabetes.   
 
Conclusion 
There is limited evidence that adherence to a dietary pattern rich in fruits, vegetables, legumes, cereals/whole 
grains, nuts, fish, and unsaturated oils, and low in meat and high-fat dairy, assessed using an index or score, is 
associated with decreased risk of type 2 diabetes. 
 
What the Research Says 
• Among  included studies there was variation in the types of indices or scores used, without a preponderance 

of studies with any one index related to risk of type 2 diabetes, making it difficult to draw overarching 
conclusions related to a specific dietary pattern 

• In European populations, consumption of a Mediteranean-style diet was associated with reduced incidence 
of type 2 diabetes 
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EVIDENCE PORTFOLIO 
 
Conclusion Statement 
There is limited evidence that adherence to a dietary pattern rich in fruits, vegetables, legumes, cereals/whole grains, 
nuts, fish, and unsaturated oils, and low in meat and red meat and high-fat dairy, assessed using an index or score, is 
associated with decreased risk of type 2 diabetes. 
 
Grade 
III – Limited  
 
Key Findings:  
• Among  included studies there was variation in the types of indices or scores used, without a preponderance of 

studies with any one index related to either risk of type 2 diabetes or fasting blood glucose and insulin 
resistance, making it difficult to draw overarching conclusions related to a specific dietary pattern. 

• The different scores showed varied predictability of incident type 2 diabetes:  
o In European populations, adherence to the MDS was associated with reduced incidence of type 2 diabetes.  

Additionally, among women in a U.S. cohort, the AHEI had similar relationships. 
o For other scores considered, such as the Total Diet Score, German Food Pyramid Index, DQI-2005, as well 

as the MDS in a U.S. population, there was no relationship between diet quality and incidence of type 2 
diabetes.  

o One study assessing the DASH score in a U.S. population showed an association in Whites but not in 
Blacks. A second study showed no association between DQI-2005 and T2D incidence in Black or White 
young adults.  

• The different scores showed varied association with glucose tolerance and/or insulin resistance: 
o For impaired fasting glucose or insulin resistance, there was some agreement with the MDS and MSDPS 

being protective for the measures examined. 
o There were mixed findings for Total Diet Score, DQI-2005, and an authors’ a priori score. For the mixed 

results, the findings differed by sex, type of intermediate outcome examined, and race/ethnicity. 
 
Evidence Summary Overview 

Description of the Evidence 
A total of 11 studies met the inclusion criteria for this systematic review on dietary patterns and incident type 2 
diabetes (T2D). The body of evidence consisted primarily of epidemiological studies, with nine prospective cohort 
studies and two randomized controlled trials (RCTs). In terms of study quality, nine of the studies were of positive 
quality and two were of neutral quality. The studies were carried out between the years 2006 and 2013. Sample sizes 
ranged from 187 to 769 subjects for the RCTs and from 822 to as many as 80,029 participants (1 study <1,000, 4 
studies >1,000, 3 studies >10,000 for the prospective cohort studies.). Study duration ranged from 3 months to 1 
year for the RCTs, while the prospective cohort study follow-up times ranged from 4.4 to 20 years.  
 
Population: The prospective cohort studies were primary prevention studies of general populations; most were 
conducted with healthy adults who were free of T2D or cardiovascular disease (CVD). The two RCTs were 
conducted in adults with elevated chronic disease risk: one reported on the Prevencion con Dieta Mediterranea 
(PREDIMED) trial of older adults at increased CVD risk (Estruch, 2006); the other study reported on men with 
metabolic syndrome (Jacobs, 2009). In prospective cohort studies with adult participants, age ranges spanned from 
18 to 84 years. One study focused on young adults with an age range of 18 to 30 years from the Coronary Artery 
Risk Development in Young Adults Study (CARDIA) cohort (Zamora, 2011). One of the studies examined only 
women (Fung, 2007) and one study examined only men (Jacobs, 2009). Some studies that examined men and 
women assessed health outcomes in men and women separately (Abiemo, 2012; von Ruesten, 2010). Three studies 
specifically identified the race/ethnic subgroups of their cohort. The CARDIA study examined equal numbers of 
Black and White young adults (Zamora, 2010); the Multi-Ethnic Study of Atherosclerosis (MESA) examined Black, 
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White, Hispanic, and Chinese adults (Abiemo, 2012); and the Insulin Resistance Atherosclerosis Study (IRAS) 
examined Blacks and Hispanics separately from Whites (Liese, 2009). 
 
Taken together, studies were conducted in the United States, Spain, Norway, Germany, and Australia and included 
many large, well-characterized cohorts.  
• Five reports were from prospective cohort studies conducted in the United States: the CARDIA study (Zamora, 

2010), the Framingham Offspring and Spouse (FOS) study (Rumawas, 2009), the Insulin Resistance 
Atherosclerosis Study (IRAS) study (Liese, 2009), the MESA study (Abiemo, 2012), and the Nurses’ Health 
Study (NHS) (Fung, 2007). 

• Two reports were from studies conducted in Spain: the Seguimiento Universidad de Navarra (SUN) Study 
(Martínez-González, 2008) and the PREDIMED Study (Estruch, 2006).  

• The remaining reports were from countries represented in only one study: Australia (Blue Mountain Eye Study, 
Russell, 2012), Germany (EPIC-Potsdam, von Ruesten, 2010), and Norway (Oslo Diet and Exercise Study 
[ODES], Jacobs, 2009).  

 
Dietary Exposure: Methodologically, diet exposure was assessed by adherence to a hypothesis-based dietary 
pattern, defined using a numerical scoring system. Two major categories of a priori dietary patterns were identified: 
(1) a dietary pattern based on a Mediterranean-style diet and (2) a dietary pattern based on dietary guidelines 
recommendations. Only one study examined adherence to a DASH diet and one study used the authors’ own a priori 
diet score.  
 
The most common dietary intake assessment method was the use of food frequency questionnaires (FFQs), which 
were validated for foods in the respective locations of the study population. Many prospective cohort studies 
assessed dietary intake only at baseline. 
• Four studies examined health outcomes related to adherence to a Mediterranean-style dietary pattern. Of these 

studies, three used the Mediterranean Diet Score (MDS) of Trichopoulou or a close variant of the MDS 
(Abiemo, 2012; Estruch, 2006; Martínez-González, 2008) and one study used the Mediterranean-style dietary 
pattern score (MSDPS) (Rumawas, 2009). 

• Four studies examined health outcomes related to adherence to dietary guidelines recommendations based on 
the United States, German, or Australian dietary guidelines, including the alternate Healthy Eating Index 
(AHEI) (Fung, 2007), the Diet Quality Index (DQI)-2005 (Zamora, 2011), the Total Diet Score (Gopinath, 
2013), and the German Food Pyramid Index (von Reusten, 2010).  
 

• One study examined health outcomes related to adherence to a DASH diet (Liese, 2009). 
• One study examined health outcomes associated with the authors’ own a priori diet scores (Jacobs, 2009). 
 
Qualitative Synthesis of the Collected Evidence 
Themes and Key Findings
 
Health Outcomes: The studies in this body of evidence examined (1) T2D incidence or (2) impaired glucose 
tolerance or insulin resistance. 
Type 2 Diabetes Incidence: This category included studies that assessed T2D incidence as the primary outcome of 
the study (tables 4-C-I-1 and 4-C-I-2). Subjects who met the American Diabetes Association or World Health 
Organization criteria for fasting blood glucose or oral glucose tolerance, or were taking hypoglycemic medication, 
were considered having incident T2D. Eight studies examined the association between adherence to a dietary pattern 
and T2D incidence (Abiemo, 2012; Fung, 2007; Gopinath, 2013; Liese, 2009; Martínez-González, 2008; Rossi, 
2013; von Ruesten, 2010; Zamora, 2011).  
 
The results of prospective cohort studies that examined incident T2D outcomes were mixed. Several studies 
assessed Mediterranean-style diets. One study conducted in Spain with the Seguimiento Universidad de Navarra 
(SUN) cohort found a favorable association between the Mediterranean Diet Score (MDS), the original 
Mediterranean diet score of Trichopoulou, and risk of T2D. Overall, a 2-point increase in MDS was associated with 
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a 35 percent reduction in risk of T2D (Martínez-González, 2008). Another study, conducted in Greece with the 
EPIC-Greece cohort, also assessed the relationship between the MDS and T2D. In this second Mediterranean 
population, adherence to the MDS was also favorably associated with risk of T2D (Rossi, 2013). Conversely, a 
study conducted in the United States, using the authors’ MedDiet Score with the Multi-Ethnic Study of 
Atherosclerosis (MESA) cohort found no association between their MedDiet Score and T2D incidence in the total 
population, in men or women, or in racial/ethnic subgroups (Abiemo, 2012). Taken together, studies in 
Mediterranean populations that assessed adherence to the traditional MDS found an inverse association with T2D 
incidence; however, the one study that examined a multi-ethnic U.S. population, found no association.  
 
Studies that assessed a dietary guidelines-related pattern were also mixed. In the United States, a study that assessed 
adherence to the alternate HEI (AHEI) found a favorable association between AHEI score and risk of incident T2D 
in women in the Nurses’ Health Study (Fung, 2007). In a second U.S. cohort, Liese and colleagues found adherence 
to their DASH score was associated with markedly reduced odds of T2D in Whites in the Insulin Resistance 
Atherosclerosis Study (IRAS), but not in the total population or in the Black and Hispanic subgroup, ~60 percent of 
IRAS cohort (Liese, 2009). In a third U.S. cohort in the Coronary Artery Risk Development in Young Adults 
(CARDIA) study, there was no association between DQI-2005 score and T2D incidence in the total population or in 
Blacks or Whites (Zamora, 2011). Lastly, studies in Australia using a Total Diet score in the Blue Mountains Eye 
Study (BMES) and Germany using a German Food Pyramid Index with the EPIC-Potsdam cohort found no 
association between these scores and incident T2D (Gopinah, 2013; von Ruesten, 2010). The AHEI was predictive 
of T2D risk in a population of U.S. women, and a DASH score was predictive in Whites, but not Blacks or 
Hispanics in a U.S. population. With regard to incident T2D, the DQI-2005 was not predictive in that there was no 
association in the total population, Blacks, or Whites in young adults in the United States. Other studies in Australia 
and Germany, using dietary guidelines-related scores found no association between respective scores and incident 
T2D. 
 
Impaired Glucose Tolerance and/or Insulin Resistance: This category included studies that assessed fasting 
blood glucose, fasting blood insulin, oral glucose tolerance, or insulin resistance using the Homeostasis Model 
Assessment–Insulin Resistance (HOMA-IR) equation (tables 4-C-I-1 and 4-C-I-2). These outcomes were measured 
by standard clinical and laboratory methods. Five studies examined adherence to a dietary pattern and intermediate 
outcomes related to glucose tolerance and/or insulin resistance: two RCTs (Estruch, 2006; Jacobs, 2009) and three 
prospective cohort studies (Gopinath, 2013; Rumawas, 2009; Zamora, 2011).  
 
The two RCTs were conducted in at-risk populations in Europe. An early report from the PREDIMED trial showed 
that a Mediterranean diet decreased fasting blood glucose, fasting insulin, and HOMA-IR scores in a Spanish 
population at-risk for CVD (Estruch, 2006). In the Oslo Diet and Exercise Study (ODES), increased adherence to 
the authors’ a priori diet score resulted in decreased fasting insulin and insulin after a glucose challenge, but not 
fasting glucose, in Norwegian men with metabolic syndrome (Jacobs, 2009). Results from prospective cohort studies 
were consistent in showing a favorable association between diet score and fasting glucose, fasting insulin or 
HOMA-IR (Rumawas, 2009; Zamora, 2011) with the exception of one study that found the association with fasting 
glucose only in men (Gopinath, 2013). It is difficult to assess food components across these studies, as numerous 
different scores were used, without a compelling number of studies using any one score or index.  
 
Qualitative Assessment of the Collected Evidence 
Quality and Quantity 
Quality assessment of the studies included in this systematic review involved determining the validity of each study 
by examining the scientific soundness of study design and execution, as well as the risk of bias in the findings 
related to outcomes. The preponderance of the evidence consisted of positive quality studies (9 out of 11 studies). In 
terms of quantity of studies, there were a moderate number of studies with varied results in T2D outcomes. 
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Consistency 
When comparing across the large well-characterized cohorts for incident T2D, the findings were mixed. There were 
no significant findings from the CARDIA or MESA studies; mixed findings from the IRAS cohort, although a 
notable T2D risk reduction in Whites; and some protective findings from Nurses’ Health Study (NHS). Overall, it 
was challenging to synthesize the results because of the number of indices examined, including MDS, variations on 
MDS, and a large number of unique dietary guidelines-related scores. Overall, there were not a compelling number 
of studies with any one index. Of the eight studies that examined diabetes incidence, seven different scores were 
used and only the MDS was used in two studies. Of the five studies that assessed glucose tolerance and insulin 
resistance, all used different scores.  
 
Impact 
This body of evidence directly addressed the exposures and health outcomes of interest for the systematic review; 
eight studies measured the endpoint outcome, incident T2D. When associations were found between a dietary 
pattern and incident T2D, they were clinically meaningful. However, a number of the included studies did not find 
association.   
 

Generalizability/External Validity  
Overall, the prospective cohort studies on incident T2D were from large, well-characterized cohorts from the United 
States and Europe, so potentially generalizable if the findings had been consistent. The two RCTs were conducted 
with at-risk subjects, therefore, not generalizable to the healthy U.S. population, but relevant to the large at-risk 
population in the United States. 
 
Limitations of the Evidence 
For several of the studied indices, there was only one analysis, including for the Total Diet Score, German Food 
Pyramid Index, DQI-2005, AHEI, and DASH. Mediterranean-style scores were the only dietary pattern 
measures/indices used in more than one study. It was a challenge to compare results across the studies because some 
of the scores were not validated and used different diet assessment tools. Furthermore, the number of study 
participants and number of type 2 diabetes cases varied widely. Additionally, sample size was cited by authors who 
examined racial/ethnic subgroups as a potential limitation in their ability to detect significant associations related to 
incident T2D in the MESA, CARDIA, and IRAS cohorts. 
 
Research Recommendations 
Overall, there is a need for more coordinated studies involving multiple U.S. cohorts, all of which examine the same 
scores or indices assessed in a standardized way. In addition, more analysis of key subpopulation groups, with 
sufficient sample sizes, would further inform policy in this area. 
 
Abbreviations: 
Dietary pattern scores: Mediterranean Diet: Mediterranean Diet Score (MDS), Mediterranean Style Dietary Pattern 
Score (MSDPS), Dietary Guidelines-related: Healthy Eating Index (HEI), Alternate HEI (AHEI), Diet Quality Index 
(DQI), Dietary Approaches to Stop Hypertension (DASH) 
 
Cohorts or Trials:Blue Mountains Eye Study (BMES), Coronary Artery Risk Development in Young Adults 
(CARDIA), European Prospective Investigation into Cancer and Nutrition (EPIC), Framingham Offspring and 
Spouse (FOS), Insulin Resistance Atherosclerosis Study (IRAS), Multi-Ethnic Study of Atherosclerosis (MESA), 
Nurses’ Health Study (NHS), Seguimiento Universidad de Navarra (SUN) 
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Table 4-C-I-1 Summary of Findings 
Hypothesis that adherence to a dietary pattern has a favorable association with impaired glucose tolerance, 

insulin resistance or incident type 2 diabetes 

Study/ DP/ Cohort or Trial  Glucose Tolerance  Insulin Resistance  Incident T2D  

Abiemo 2012/MedDiet/MESA    
∅  T2D (Total, Men, Women, 
racial/ethnic groups)  

Fung 2007/AHEI/NHS    ↓ T2D  

Gopinath 2013/Total Diet/BMES    ∅  T2D  

Liese 2009/DASH Score/IRAS    

∅  T2D Total population  
∅  Blacks/Hispanics  
↓ T2D  Whites  

Martínez-González 2008/MDS/SUN    ↓ T2D   

Rossi 2013/MDS/EPIC-Greece    ↓ T2D   

von Ruesten 2010/GFPI/EPIC-Potsdam    ∅  T2D (Men, Women)  

Zamora 2011/DQI-2005/CARDIA    ∅  T2D (Total, Blacks, Whites)  

Estruch 2006/MDS/PREDIMED  
↓ Fasting glucose 
(Med+OO)  
(Med+nuts)  

↓ HOMA-IR  
(Med+OO)  
(Med+nuts)   

Gopinath 2013/Total Diet/BMES ↓ Fasting glucose Men  
∅ Fasting glucose Women    

Jacobs 2009/Author a priori/ODES  ∅ Fasting glucose  
↓ Fasting insulin  
↓ Insulin,Glu challenge   

Rumawas 2009/MSDPS/FOS  ↓ Fasting glucose  ↓ HOMA-IR   

Zamora 2011/DQI-2005/CARDIA  
↓ HOMA-IR – Whites  
↑ HOMA-IR – Blacks   
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Table 4-C-I-2 Overview Table: Type 2 Diabetes 

Author, Year 
Study Design 

 

Sample Size 
Location 
Duration 
Dietary 

Assessment 

Population 
Age/Gender 

Cohort 
Exposure 

Index/Score 
Outcomes 
Measured 

Cases 
Health Outcome 

Incidence of Type 2 Diabetes 
1. Abiemo et al., 

2012 
 
Neutral 
 
Prospective 
Cohort 
 
 
 

N = 5,390 
 
U.S. 
6.6 y 
 
FFQ  
(127 item) 
 
 

Range: 45–84 y 
 
54% Women 
 
Multi-Ethnic Study of 
Atherosclerosis (MESA) 
 
Whites, Blacks, 
Hispanic, Chinese 

MedDiet Score 
Total Score 0 - 10 

T2D incidence 
 
412 incident cases 
of T2D (7.6%)   

T2D, comparing highest to lowest 
quintiles of MedDiet score:  
 
Total population:  
HR = 1.09 (95% CI = 0.80 - 1.49;  
P for trend = 0.51, NS) 
Men:   
HR = 1.11 (95% CI = 0.70 - 1.76;  
P for trend = 0.69, NS)  
Women:  
 HR = 1.12 (95% CI = 0.74 - 1.71;  
P for trend = 0.55, NS)  

2. Fung et al., 2007 
 
Positive 
 
Prospective 
Cohort 

N = 80,029  
 
U.S. 
18 y 
 
FFQ  
(116 item) 

Range: 30–55 y  
 
Women 
 
Nurses' Health Study  
(NHS)  

AHEI 
Total Score 2.5 - 87.5 
 
 

T2D incidence 
5,183 incident 
cases of T2D 
(6.5%) 

T2D, comparing the highest with the 
lowest quintile of AHEI score: 
 
RR = 0.64 (95% CI = 0.58 - 0.71;  
P for trend < 0.0001) Model 1 
RR = 0.76 (95% CI = 0.66 - 0.88;  
P for trend < 0.0001) Model 2 (+WHR) 
 
Among symptomatic individuals:  
RR = 0.56 (95% CI = 0.49 - 0.64;  
P for trend < 0.0001) Model 1 
 
For change in AHEI over follow-up: 
Change from low to high AHEI in last 4 y: 
RR = 0.78 (95% CI = 0.66 - 0.92,  
P = 0.003) Model 1 

3. Gopinath et al., 
2013  
 
Positive 
 
Prospective 
Cohort 

N = 1,821  
 
Australia 
10 y 
 
FFQ  
(145 item) 

Mean: ~63 y 
 
42% Women (T2D) 
58% Women (IFG) 
 
Blue Mountain Eye 
Study (BMES) 

Total Diet Score                                  
Total Score 0 - 20 

T2D incidence 
 
144 incident cases 
of T2D (7.9%)  

T2D, comparing highest to lowest tertile 
of TDS: 
 
OR = 1.00 (95% CI = 0.63 - 1.58;  
P for trend = 0.99, NS)   

4. Liese et al., 2009  
 
Positive 
 
Prospective 
Cohort 

N = 822  
 
U.S. 
5 y 
 
FFQ  
(114 item)  

Range: 40-69 y  
  
50% Women 
 
Insulin Resistance 
Atherosclerosis Study 
(IRAS) 

DASH score 
Total Score 0 - 80  
 
  
 

T2D incidence 
 
129 incident cases 
of T2D (15.7%) 
 
Whites: 
15.0% 
Blacks/ Hispanics: 
16.2% 

T2D, comparing highest to lowest 
tertiles of DASH score:  
 
Total population:  
OR = 0.64 (95% CI = 0.37 - 1.13;  
P for trend = 0.29, NS)  
Whites:  
OR = 0.25 (95% CI = 0.09 - 0.67;  
P for trend = 0.02)  
Blacks/Hispanics: 
OR = 0.96 (95% CI = 0.46 - 1.97;  
P for trend = 0.95, NS)  

5. Martínez-
González  et al., 
2008  
 
Positive 
 
Prospective 
Cohort 

N = 13,380 
 
Spain 
4.4 y 
 
FFQ  
(136-item) 

Mean Age: ~ 38 y  
 
60% Women 
 
Seguimiento 
Universidad de Navarra 
(SUN) 

Mediterranean Diet 
Score (MDS) 
Total Score 0 - 9  

T2D incidence 
 
33 incident cases 
of T2D (0.25%) 

T2D, comparing highest to lowest MDS 
(high, med, low):  
Rate Ratio = 0.17 (95% CI = 0.04 - 0.72; 
P for trend = 0.04)  
 
T2D, per 2 pt increase in MDS: 
Rate Ratio = 0.65 (95% CI = 0.44 - 0.95; 
P for trend = 0.04)  
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Table 4-C-I-2 Overview Table: Type 2 Diabetes―continued 

 
Author, Year 
Study Design 

 

Sample Size 
Location 
Duration 
Dietary 

Assessment 

Population 
Age/Gender 

Cohort 
Exposure 

Index/Score 
Outcomes 
Measured 

Cases 
Health Outcome 

Incidence of Type 2 Diabetes 
6. Rossi et al., 2013 

 
Neutral 
 
Prospective 
Cohort 

N = 22,295 
 
Greece 
11.3 y 
 
FFQ 
(150-item) 

Median Age: 50 y 
 
59% Women 
 
EPIC-Greece 

Mediterranean Diet 
Score (MDS) 
Total Score 0 - 9 

T2D incidence 
 
2,330 incident 
cases of T2D 
(10%) 

T2D, comparing highest to lowest MDS:  
HR = 0.88 (95% CI = 0.78 - 0.99;  
P = 0.021)  
 

7. von Ruesten et 
al., 2010 
 
Positive 
 
Prospective 
Cohort 

N = 23,531 
 
Germany 
7.8 y 
 
FFQ  
(148-item) 

Mean Age by GFPI: 
♀: 46.5±8.8 - 49.7±9.6 y  
♂: 50.1±7.6 - 53.2±8.3 y  
 
61% Women 
 
EPIC-Potsdam 

German Food Pyramid 
Index (GFPI)                                 
Total Score 0 - 110 

T2D incidence  
 
837 incident cases 
of T2D (3.6%) 

T2D, comparing highest to lowest 
quintile of GFPI:  
Men: 
HR = 0.74 (95% CI = 0.54 - 1.01;  
P for trend = 0.03) Model 1 
HR = 0.94 (95% CI = 0.69 - 1.30;  
P for trend = 0.63, NS) Model 2 (+BMI) 
Women: 
HR = 0.72 (95% CI = 0.51 - 1.00;  
P for trend = 0.06, NS) Model 1 
HR = 1.09 (95% CI = 0.77 - 1.54;  
P for trend = 0.57, NS) Model 2 (+BMI) 

8. Zamora et al., 
2011 
 
Positive 
 
Prospective 
Cohort 

N = 4,381 
 
U.S. 
20 y 
 
FFQ  
(CARDIA) 

Range: 
18–30 y 
 
Blacks:  
58% Women   
Whites:   
53% Women 
 
Coronary Artery Risk 
Development in Young 
Adults 
(CARDIA) 

DQI-2005 
Total Score 0 - 100 

T2D incidence 
 
328 incident cases 
of T2D (7.5%)   

T2D, comparing highest to lowest 
quartiles of DQI:  
Total population: 
HR = 1.05 (95% CI = 0.71 - 1.56, NS) 
Model 1 
HR = 1.16 (95% CI = 0.79 - 1.71, NS) 
Model 2 (+BMI) 
Blacks: 
HR = 1.10 (95% CI = 0.65 - 1.86, NS) 
Model 1   
HR = 0.96 (95% CI = 0.57 - 1.62, NS) 
Model 2 (+BMI) 
Whites:  
HR = 0.78 (95% CI = 0.44 - 1.37, NS) 
Model 1 
HR = 1.14 (95% CI = 0.65 - 2.00, NS) 
Model 2 (+BMI) 

Impaired Fasting Glucose and/or Insulin Resistance 
1. Estruch et al., 

2006 
 
Positive 
 
RCT 
 

Initial N = 772                 
Final N = 769 
 
Spain 
3 mos 
 
FFQ  
(137-item) 

Range: 55–80 y 
 
High CVD risk 
 
60, 50, 58% ♀: 
Med+OO,Med+nuts, 
and control  
 
Prevencion con Dieta 
Mediterranea 
(PREDIMED) Trial 

Med diet + olive oil 
(OO) or Med diet + nuts  
vs  control, low-fat diet 
 
 

Fasting glucose 
and insulin, and 
HOMA-IR 

Fasting glucose: 
Med + OO vs control, mean change:  
-0.39 mmol/L (95% CI = -0.72 to -0.07, 
P=0.017)  
Med + nuts vs control, mean change:  
-0.30 mmol/L (95% CI = -0.58 to - 0.01, 
 P=0.039) 
 
Fasting Insulin: 
Med + OO vs control, mean change:  
-16.7 pmol/L (95% CI = -27.1 to -0.4, 
 P=0.001)  
Med + nuts vs control, mean change:  
-20.4 pmol/L (95% CI = -31.9 to -9.7, 
 P<0.001)  
 
HOMA-IR: 
Med + OO vs control, mean change:  
-0.91 (95% CI = -1.40 to -0.46, P<0.001)  
Med + nuts vs control, mean change:  
-1.1 (95% CI = -1.6 to -0.55, P<0.001) 
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Table 4-C-I-2 Overview Table: Type 2 Diabetes―continued 

 
Author, Year 
Study Design 

 

Sample Size 
Location 
Duration 
Dietary 

Assessment 

Population 
Age/Gender 

Cohort 
Exposure 

Index/Score 
Outcomes 
Measured 

Cases 
Health Outcome 

2. Gopinath et al., 
2013  
 
Positive 
 
Prospective 
Cohort 

N = 1,630  
 
Australia 
10 y 
 
FFQ  
(145 item) 

Mean: ~63 y 
 
42% Women (T2D) 
58% Women (IFG) 
 
Blue Mountain Eye Study 
(BMES) 

Total Diet Score                                  
Total Score 0 - 20 

Fasting  glucose  
 
91 incident cases 
of IFG (5.6%) 

Fasting glucose, comparing the highest 
with the lowest tertile of TDS: 
 
Men: 
OR = 0.25 (95% CI = 0.08 - 0.73;  
P for trend = 0.004)  
Women:  
OR = 1.74 (95% CI = 0.75 - 4.00;  
P for trend = 0.24, NS)  

3. Jacobs et al., 
2009 
 
Positive 
 
RCT 
 

Initial N = 219                 
Final N = 187 
 
Norway 
1 y 
 
FFQ  
(180-item)  

Mean Age:   
45±2 y 
 
Met criteria for  
Metabolic Syndrome 
 
Men 
 
Oslo Diet and Exercise 
Study (ODES) 

Author derived a 
priori score    
Total Score 0 - 62 
 

Fasting glucose 
and  insulin 

Fasting glucose, per 10 point increase 
in a priori diet score: 
Mean change: -0.17±0.06 mmol/L; 
P = 0.01  Model 1 
Mean change: -0.12±0.06 mmol/L;  
P = 0.06, NS  Model 2 (+ % body fat) 
 
Fasting insulin, per 10 point increase in 
a priori diet score: 
Mean change: -20.1±6.69 pmol/L; 
P=0.003  Model 1 
Mean change: -22.5±6.87 pmol/L;  
P=0.002  Model 2 (+ % body fat) 
 
Insulin after glucose challenge:  
Mean change: -125.1 ±54.94 pmol/L; 
P=0.02  Model 1 
Mean change: -120.3 ±56.77 pmol/L; 
P=0.04  Model 2 (+ % body fat) 

4. Rumawas et al., 
2009 
 
Positive 
 
Prospective 
Cohort 

N = 2,730 
 
U.S. 
7 y 
 
FFQ  
(Harvard) 

Range:  
43–70 y 
 
43–70% Women across 
quintiles 
 
Framingham Offspring 
and Spouse (FOS) 

Mediterranean-style 
dietary pattern score 
(MSDPS) 
Total score 0 - 100 

Fasting blood 
glucose and 
HOMA-IR 

Fasting glucose for quintile 5 of 
MSDPS: 
Mean = 97.1 mg/dL (95% CI = 96.3 - 
98.0; P for trend = 0.03, compared to 
quintile 1) 
 
HOMA-IR for quintile 5 of MSDPS: 
Mean = 3.16 (95% CI = 3.03 - 3.30; P 
for trend = 0.02, compared to quintile 1) 

5. Zamora et al., 
2011 
 
Positive 
 
Prospective 
Cohort 

N = 4,381 
 
U.S. 
20 y 
 
FFQ  
(CARDIA) 

Range: 
18–30 y 
 
Blacks:  
58% Women   
Whites:   
53% Women 
 
Coronary Artery Risk 
Development in Young 
Adults 
(CARDIA) 

DQI-2005 
Total Score 0 – 100 

HOMA-IR   HOMA-IR, comparing highest to lowest 
quartiles of DQI:  
 
Blacks:  
quartile 4, Mean = 1.20 (95% CI = 0.77 - 
1.66; P for trend = 0.01, compared to 
quartile 1) 
Whites:  
quartile 4, Mean = 0.48 (95% CI = 0.29 - 
0.69; P for trend = 0.08, compared to 
quartile 1) 
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Section II:  Factor and Cluster Analysis  
By Patricia C. MacNeil and Joanne M. Spahn 
 
Are prevailing patterns of diet behavior in a population, assessed using factor or cluster 
analysis, related to risk of type 2 diabetes? 

 
 

TECHNICAL ABSTRACT 
 
Background 

The goal of this systematic review project is to identify patterns of food and beverage intake that promote health and 
prevent disease. Historically, most dietary guidance has been based on research conducted on individual food 
components or nutrients. Dietary patterns are defined as the quantities, proportions, variety, or combination of 
different foods, drinks, and nutrients (when available) in diets, and the frequency with which they are habitually 
consumed. Factor and cluster analysis allow examination of the relationship between prevailing dietary patterns of a 
population and outcomes of public health concern. The objective of this systematic review was to assess the 
relationship between patterns of food and beverage intake identified using factor and cluster analysis, and risk for 
type 2 diabetes.  
 
Conclusion Statement  
Limited and inconsistent evidence from epidemiological studies indicates that in adults, dietary patterns derived 
using factor or cluster analysis, characterized by vegetables, fruits, and low-fat dairy products tend to have an 
association with decreased risk of type 2 diabetes, and those patterns characterized by red meat, sugar-sweetened 
foods and drinks, French fries, refined grains, and high-fat dairy products tended to show an increased association 
for risk of type 2 diabetes. Among studies, there was substantial variation in food group components and not all 
studies with similar patterns showed significant association (Grade: III-Limited). 
 
 
Methods  

Literature searches were conducted using PubMed, Embase, Navigator (BIOSIS, CAB Abstracts, and Food Science 
and Technology Abstracts), and Cochrane databases to identify studies that evaluated the association between 
dietary patterns defined using factor or cluster analysis and risk of type 2 diabetes. Studies that met the following 
criteria were included in the review: Human subjects; Ages: 2 years and older; Populations: Healthy and those with 
elevated chronic disease risk; subjects from countries with high or very high human development (based on the 2011 
Human Development Index); randomized controlled trials, non-randomized controlled trials, or quasi-experimental 
studies; Sample size: Minimum of 30 subjects per study arm; Dropout rate less than 20 percent; Study assesses 
dietary intake using factor and cluster analysis; study considered type 2 diabetes and risks of type 2 diabetes; 
published in English in a peer-reviewed journal. The date range for the conduct of studies was unlimited. 
 
The results of each included study were summarized in evidence worksheets (including a study quality rating) and 
evidence table. A group of subject matter experts were involved in a qualitative synthesis of the body of evidence, 
development of a conclusion statement, and assessment of the strength of the evidence (grade) using pre-established 
criteria including evaluation of the quality, quantity, consistency, magnitude of effect, and generalizability of 
available evidence.   
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Findings  

• Twelve prospective cohort studies examined dietary patterns and their association with T2D incidence. Eleven 
studies used factor analysis and one used cluster analyses to identify a total of 33 diverse dietary patterns.  
Studies ranged in size from 690 to 75,512 subjects, were conducted in the United States (five), Japan (two), the 
Netherlands, Australia, Finland, China, and the United Kingdom, and ranged in duration from 4 to 23 years. 

o  Dietary patterns associated with lower risk of T2D were characterized by vegetables, fruits, low-fat 
dairy, and whole grains and those associated with increased risk of T2D were characterized by red  
meat, sugar-sweetened foods and drinks, French fries, refined grains, and high-fat dairy products.  

• Three prospective cohort studies assessed the association between dietary patterns derived using cluster analysis 
and factor analysis and plasma glucose levels. Studies ranged in size from 1,146 to 5,824 subjects and were 
conducted in the United States (two studies) and Denmark.    

o Studies focused on intermediate outcomes were too few and too diverse in methodology to develop a 
conclusion. 

 
Discussion  

The ability to draw strong conclusions was limited due to the following issues: 
• Variations in methodology, the number and type of food groupings (e.g., vegetables grouped together or in 

different groups, regional food groupings), definitions, and naming conventions found in the review make 
analysis challenging.  

• Diet assessment methodology may not accurately capture important elements of the diet. Most longitudinal 
studies include only baseline measure of dietary intake and do not account for changes in subjects’ diets, 
availability and variations in the food supply. 

• Patterns derived from factor or cluster analysis represent the prevailing dietary patterns of a specific population 
and are therefore not generalizable and do not represent the optimal diet to protect against disease. However, 
studies in this review identify characteristics of dietary patterns actually consumed, which are associated with 
increased and decreased incidence of type 2 diabetes.   
 

 
PLAIN LANGUAGE SUMMARY 

Are the amounts, types, variety, or combinations of foods and beverages people 
frequently eat and drink related to the likelihood of developing type 2 diabetes? 

 
In the past, researchers looked at the relationship between individual foods and nutrients and health. Today, there is 
interest in looking at how combinations of foods and beverages, or dietary patterns, impact health. Statistical 
methods called factor and cluster analyses can be used to describe the patterns of foods and beverages people eat. 
This summary of a NEL review presents what we know about dietary patterns of certain groups of people described 
using factor and cluster analysis and the likelihood of developing type 2 diabetes.   
 
Conclusion 

Limited and inconsistent evidence from epidemiological studies examining dietary patterns derived using factor or 
cluster analysis in adults found that consumption of a dietary pattern characterized by vegetables, fruits, whole 
grains, and reduced-fat dairy products tends to be associated with more favorable body weight status over time than 
consumption of a dietary pattern characterized by red meat, processed meats, sugar-sweetened foods and drinks, and 
refined grains. 
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What the Research Says 

• Results the from the twelve studies included in this review tell us that dietary patterns high in vegetables, fruits, 
low-fat dairy products, and whole grains may prevent people from getting type 2 diabetes. 

• These studies also show that dietary patterns high in red meat, sugar-sweetened foods and drinks, French fries, 
refined grains, and high-fat dairy products tend to increase people’s risk of getting type 2 diabetes. 

• This review raised some key issues that make it harder to make stronger recommendations: 
o There were many differences in how the studies were done. 
o The dietary patterns differed a lot between studies. 

 
EVIDENCE PORTFOLIO 

 
Conclusion Statement 
Limited and inconsistent evidence from epidemiological studies indicates that in adults, dietary patterns derived 
using factor or cluster analysis, characterized by vegetables, fruits, and low-fat dairy products tend to have an 
association with decreased risk of type 2 diabetes and those patterns characterized by red meat, sugar-sweetened 
foods and drinks, French fries, refined grains, and high-fat dairy products tended to show an increased association 
for risk of type 2 diabetes. Among studies, there was substantial variation in food group components and not all 
studies with similar patterns showed significant association. 
 
Grade 
III– Limited 
 
Key Findings 
• Cluster and factor analyses are data-driven approaches that describe the dietary patterns consumed by the study 

population. High variability in the studies included in this review, including populations, case number, sample 
size, dietary assessment techniques, methods used to define and retain factors and clusters, confounders 
considered and the statistical analysis employed, made comparisons among studies challenging. 

• Studies focused on intermediate outcomes were too few and too diverse in methodology to draw a conclusion.  
 
Evidence Summary Overview 
Description of the Evidence 

Factor and cluster analyses are data-driven approaches that empirically derive food intake patterns (appendix A). 
Fifteen prospective cohort studies conducted between 2004 and 2012 were included. Seven studies received a 
positive quality and eight a neutral quality rating. Sample sizes ranged from 690 to 75,512 participants (2 studies 
<2,000; 6 studies 3,000 to 6,500; 4 with 20,000 to 45,000; and 3 studies with >65,000 subjects). Study duration 
ranged from 4 to 23 years (6 <10 years; 7 between 10 to 15 years; and 2 >15 years). Eight studies were conducted in 
the United States and two in Japan, while the remaining were conducted in Australia, Finland, Hong Kong, the 
Netherlands, and the United Kingdom. 
 
Population: Eleven studies were conducted in both men and women (Bauer, 2012; Brunner, 2008; Duffey, 2012; 
Erber, 2009; Hodge, 2007; Lau, 2009; Montonen, 2005; Morimoto, 2012; Nanri, 2013; Nettleton, 2008; Yu, 2011), 
and two of these studies analyzed health outcomes separately by gender (Erber, 2009; Nanri, 2013).Three studies 
included U.S. women only (Fung, 2004; Kimokoti, 2012; Malik, 2012), and one study included U.S. men only (Van 
Dam, 2002). Age range at baseline spanned from 18 to 84 years. Fourteen studies analyzed middle-aged and older 
populations (above 35 years), and one study analyzed young adults 18 to 30 years at baseline (Duffey, 2012). Three 
studies identified race/ethnic subgroups within their cohort (Erber, 2009; Hodge, 2007; Nettleton, 2008).  
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Dietary Pattern Methodology: Thirteen of fifteen studies assessed dietary intake using a baseline food frequency 
questionnaire (FFQ), and two studies from the Nurses’ Health Study aggregated data from FFQs completed at four 
separate time points (Fung, 2004; Malik, 2012). Two studies used a diet history approach (Duffey, 2012; Montonen, 
2005). In general, individual food and beverage items were consolidated into food groups based on established 
criteria, and dietary patterns were then generated using factor analysis in 12 studies (Bauer, 2012; Erber, 2009; 
Fung, 2004; Hodge, 2007; Lau, 2009; Malik, 2012; Montonen, 2005; Morimoto, 2012; Nanri, 2013; Nettleton, 
2008; Van Dam, 2002; Yu, 2011), and cluster analysis in 3 studies (Brunner, 2008; Duffey, 2012; Kimokoti, 2012). 
Once dietary patterns were defined using factor analysis, pattern scores were calculated for each participant and after 
multivariate adjustment, the association between dietary pattern scores and type 2 diabetes risks by quintile or 
quartile were assessed. Generally, studies adjusted for baseline BMI, total energy intake, physical activity, sex, age, 
and smoking, but additional factors were considered by individual studies. Only Nettleton et al. (2008) controlled for 
change in body weight or waist circumference over the course of the study. When cluster analysis was used, a 
reference group was defined and analysis was conducted to assess the relationship between cluster group and risk of 
T2D. 
 
Outcomes: The studies in this body of evidence evaluated associations between dietary patterns and endpoint 
outcomes and intermediate outcomes.  
 
Endpoint Outcome: Twelve studies evaluated the association between dietary patterns and incidence of T2D. Only 
one of these studies used cluster analysis to define dietary patterns (Brunner, 2008). Factor and cluster name reflect 
those assigned by the author, followed by food components characteristic of the pattern. 
 
Intermediate Outcome: One study measured fasting blood glucose with a cutoff of ≥6.1 mmol/L (Duffey, 2012); 
another study measured plasma glucose with a cutoff of ≥5.1 mmol/L (Kimokoti, 2012), while a third study 
measured plasma glucose after an overnight fast and after a standard 75 g oral glucose tolerance test (Lau, 2009).  
Table 2 provides a general overview of the study characteristics, dietary assessment methods, dietary patterns 
identified using factor and cluster analysis, and their association with plasma glucose levels. Factor and cluster name 
reflect those assigned by the author, followed by food components characteristic of the pattern. 
 
Themes 
T2D incidence: Twelve prospective cohort studies examined dietary patterns and their association with T2D 
incidence (table 4-C-II-1). Eleven studies used factor analysis and one used cluster analyses to identify one to four 
dietary patterns per study and a total of 35 diverse dietary patterns within the body of evidence. Studies ranged in 
size from 690 to 75,512 subjects, were conducted in the United States (five), Japan (two), the Netherlands, Australia, 
Finland, China, and the United Kingdom, and ranged in duration from 4 to 23 years. Results were mixed. There 
were many null findings, particularly among studies with duration of less than 7 years (Malik, 2012; Hodge, 2007; 
Nanri, 2012; Nettleton, 2008). Patterns associated with lower risk of T2D were characterized by vegetables, fruits, 
low-fat dairy products, and whole grains, and those associated with increased risk of T2D were characterized by red 
meat, sugar-sweetened foods and drinks, French fries, refined grains, and high-fat dairy products. However, there 
was substantial variation in the food groups identified, even among patterns with the same name. 
 
Intermediate outcomes: Three prospective cohort studies assessed the association between dietary patterns and 
plasma glucose levels (table 4-C-II-2). Two U.S. studies derived patterns using cluster analysis (Duffy, 2012; 
Kimokoti, 2012) and one study conducted in Denmark used factor analysis (Lau, 2009). Studies ranged in size from 
1,146 to 5,824 adults. Duffey et al. (2012) identified two diet clusters: “Prudent Diet” and “Western Diet”; Kimokoti 
et al. (2012) identified five clusters: “Heart Healthier,” “Lighter Eating,” “Wine and Moderate Eating,” “Higher 
Fat,” and “Empty Calories”; and Lau et al. (2009) derived two factors: “Modern” and “Traditional.” Variations in 
population, dietary assessment methodologies, and methods used to derive patterns resulted in a highly variable set 
of dietary patterns, making it difficult to draw conclusions. No association with fasting plasma glucose was found 
with any of the nine dietary patterns identified. Lau (2009) assessed 2-hour plasma glucose concentration and found 
a dietary pattern characterized by high intake of vegetables, fruit, mixed vegetable dishes, vegetable oil and vinegar 
dressing, poultry, pasta, rice, and cereals associated with decreased T2D risk.  
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Table 4-C-II-1 Summary of Findings 
Dietary patterns identified using factor (white rows) or cluster (colored rows) analysis and association with incidence of type 2 diabetes (T2D) in adults 

Author, Year, 
Quality Rating, 
Study Design,  

Cohort 

Sample Size, 
Location, 
Duration, 
Dietary 

Assessment, 
Methodology,  
No. Patterns  

Age, 
% Female  

Race/Ethnicity, 
Outcome/ 

Comparison, Number 
Cases 

Dietary Patterns  
Associated with Decreased T2D risk 

Dietary Patterns with No Significant 
Association with T2D risk 

Dietary Patterns  
Associated with Increased 

T2D risk 

Bauer et al., 2012 
 
Positive 
 
Prospective Cohort  
 
EPIC-NL study 

N = 20,385 
 
The Netherlands  
 
8 y 
 
178- item FFQ 
 
FA derived 2 dietary 
patterns 

21–70 y, mean ~52y 
 
73% 
 
NR 
 
T2D HR, Q4 vs. Q1 
 
Incidence: 831 cases  

 • "Pattern 1" (shellfish, high-fat fish, low-fat 
fish, wine, raw vegetables, chicken and fruit 
juice), HR= 1.00 (95% CI: 0.81, 1.23),  
P for trend 0.73 
 
 

• "Pattern 2" (soft drinks, other non-
alcoholic beverages, French fries, snacks 
and low-fiber cereal bread), HR = 1.56 (95% 
CI: 1.20, 2.02), P for trend 0.0001  

Brunner et al., 2008 
 
Neutral 
 
Prospective Cohort  
 
Whitehall II study 
(1985-1988) 

N = 6,471 
 
U.K. 
 
15 y 
 
127- item FFQ 
 
CA derived 4 dietary 
patterns 

Mean = 50 y 
 
30%  
 
NR 
 
T2D HR,  "healthy" 
pattern vs. "unhealthy 
pattern" 
 
106,633 person years at 
risk; 410 cases  

• "Healthy" (fruit, vegetables, whole-meal 
bread, low-fat dairy, and little alcohol),  
HR = 0.74 (95% CI: 0.58, 0.94), p = 0.016  

• "Sweet" (white bread, biscuits, cakes, 
processed meat, puddings, and high-fat 
dairy products), NS 
 
• "Mediterranean-like" (fruit, vegetables, 
rice, pasta, and wine), NS 
 
Comparator: 
• "Unhealthy" (white bread, processed 
meat, fries, and full-cream milk, red meat, 
and low intake of low-fat dairy products)  
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Table 4-C-II-1 Summary of Findings―continued 
Dietary patterns identified using factor (white rows) or cluster (colored rows) analysis and association with incidence of type 2 diabetes (T2D) in adults 

Author, Year, 
Quality Rating, 
Study Design,  

Cohort 

Sample Size, 
Location, 
Duration, 
Dietary 

Assessment, 
Methodology,  
No. Patterns 

Age, 
% Female  

Race/Ethnicity, 
Outcome/ 

Comparison, Number 
Cases 

Dietary Patterns  
Associated with Decreased T2D risk 

Dietary Patterns with No Significant 
Association with T2D risk 

Dietary Patterns  
Associated with Increased 

T2D risk 

Erber et al., 2009 
 
Positive 
 
Prospective Cohort 
 
Multiethnic Cohort 
MEC study (Hawaii 
Component) 

N = 75,512 
 
U.S. 
 
14 y 
 
FFQ ethnicity-
specific 
 
FA derived 3 dietary 
patterns 

45–75 y 
 
52%  
 
Caucasian: 39% 
Japanese American: 47% 
Native Hawaiian: 14%  
 
T2D HR, Q5 vs. Q1 
(95% CI), by gender and 
ethnicity 
 
 Incidence: all men 
4,555 cases  
 

• "Vegetable" (dark-green, deep-yellow, 
and other vegetables; and with a relatively 
lower loading other fruits and citrus fruits, 
melons and berries). 
Men, cases by quintile Q1 - Q5: 783; 907; 
982; 976; 907 
--All men: HR = 0.86 (0.77, 0.95),  
P for trend 0.004 
--Caucasian: HR = 0.67 (0.53, 0.84),  
P for trend 0.01 
--Japanese American: HR = 0.86 (0.74–
0.99), P for trend 0.007 
 
• "Fruit and milk" (milk, yogurt, cheese, 
and other fruits and citrus fruits, melons 
and berries). 
Men, cases by quintile Q1 - Q5: 1,144; 
1,011; 925; 770; 705 
--All men: HR = 0.92 (0.83, 1.02),  
P for trend 0.04 
--Caucasian: HR = 0.71 (0.56, 0.89),  
P for trend 0.02 
Women, cases by quintile Q1 - Q5: 984; 
862; 816; 725; 645 
--All women: HR = 0.85 (0.76, 0.96),  
P for trend 0.05 

• "Vegetable" (dark-green, deep-yellow, and 
other vegetables; and with a relatively lower 
loading other fruits and citrus fruits, melons 
and berries). 
NS for Native Hawaiian men 
Women, cases by quintile Q1 - Q5: 665; 
808; 816; 858; 885 
 NS all women and women of all ethnicities 
 
• "Fruit and milk" (milk, yogurt, cheese, and 
other fruits and citrus fruits, melons and 
berries). 
NS in analysis of women by ethnic group 
and in Japanese American and Native 
Hawaiian men      
 
• "Fat meat" (discretionary fat, meat, eggs, 
cheese, white potatoes, and non-whole 
grains) 
NS for Native Hawaiian Men  
NS for Caucasian and Native Hawaiian women 
 

• "Fat meat" (discretionary fat, meat, eggs, 
cheese, white potatoes, and non-whole 
grains) 
Men, cases by quintile Q1 - Q5: 773; 812; 
912; 958; 1,100 
--All men: HR = 1.4 (1.23-1.60),  
P for trend < 0.0001 
--Caucasian:  HR = 1.38 (1.05, 1.81),  
P for trend 0.007 
--Japanese American: HR = 1.38 (1.16, 1.64), 
P for trend < 0.0002 
 
Women, cases by quintile Q1 - Q5: 657; 
691; 784; 823; 1,077 
--All women: HR = 1.22 (1.06, 1.40),  
P for trend 0.004 
--Japanese American: HR = 1.20 (1.00, 1.44), 
P for trend 0.045 
 

Fung et al., 2004 
 
Positive 
 
Prospective cohort  
 
Nurses' Health Study 
(NHS) (1984 – 1998) 

N = 69,554 
 
U.S. 
 
14 y 
 
116-item FFQ  
 
FA derived 2 dietary 
patterns 

38–63 y 
 
100%  
 
NR 
 
T2D RR, Q5 vs. Q1 
(95% CI)  
 
Incidence: 2,699 cases 

 • "Prudent" (higher intakes of fruit, 
vegetables, whole grains, fish,  poultry, and 
low-fat dairy products), cases by quintile Q1 
- Q5: 533, 543, 496, 565, 561: RR = 0.89 
(0.78, 1.02), P for trend 0.33, NS 

• "Western" (higher intakes of red and 
processed meats, refined grains, sweets and 
desserts, and high-fat dairy products), cases 
by quintile Q1 - Q5: 391, 455, 562, 559, 731:  
RR = 1.49 (1.26-1.76), P for trend < 0.001 
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Table 4-C-II-1 Summary of Findings―continued 
Dietary patterns identified using factor (white rows) or cluster (colored rows) analysis and association with incidence of type 2 diabetes (T2D) in adults 

Author, Year, 
Quality Rating, 
Study Design,  

Cohort 

Sample Size, 
Location, 
Duration, 
Dietary 

Assessment, 
Methodology,  
No. Patterns 

Age, 
% Female  

Race/Ethnicity, 
Outcome/ 

Comparison, Number 
Cases 

Dietary Patterns  
Associated with Decreased T2D risk 

Dietary Patterns with No Significant 
Association with T2D risk 

Dietary Patterns  
Associated with Increased 

T2D risk 

Hodge et al., 2007 
 
Positive 
 
Prospective cohort  
 
Melbourne 
Collaborative Cohort 
Study (1991-94) 

N = 31,641 
 
Australia 
 
4 y 
 
121-item FFQ  
 
FA derived 4 dietary 
patterns 
 

Mean = 54.3 y 
 
61%  
 
Migrants from Italy 
(15%), Greece (12%), 
and U.K. (7%) 
 
T2D OR, Q5 vs. Q1 
(95% CI) 
 
Incidence: 365 cases  
 

 
  

•  Factor 1 (olive oil, salad vegetables, 
legumes, and avoidance of sweet bakery 
items, margarine, and tea),  
OR = 1.12 (0.71, 1.77), P for trend 0.63, NS 
 
• Factor 2 (salad and cooked vegetables), 
OR = 0.83 (0.56, 1.23), P for trend 0.19, NS 
 
• Factor 3 (meats, savory pastries, fried 
eggs, fried fish, and fried potatoes),  
OR = 1.65 (1.03, 2.63), P for trend 0.24, NS 
 
• Factor 4 (fruits),  
OR = 1.18 (0.81, 1.71), P for trend 0.85, NS  

 
 

Malik et al., 2012 
 
Positive 
 
Prospective cohort  
 
Nurses' Health Study 
II 

N = 37,038 
 
U.S. 
 
7 y 
 
124-item FFQ 
 
FA derived 2 dietary 
patterns 

24–44 y 
 
100%  
 
NR 
 
T2D HR, Q5 vs. Q1 
(95% CI) 
 
290,703 person-years of 
follow-up; 550 cases 

 • "Prudent" (higher intakes of vegetables, 
fruit, legumes, fish, and better-quality grains 
and low consumption of snacks and soda), 
RR = 1.27 (0.96-1.67), P for trend 0.14, NS 
• "Western" (higher intakes of desserts, 
snacks, processed meats, red meat, French 
fries, and refined grains and low 
consumption of vegetables, fruits, and fish), 
RR = 1.19 (0.92-1.54), P for trend 0.14, NS 
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Table 4-C-II-1 Summary of Findings―continued 
Dietary patterns identified using factor (white rows) or cluster (colored rows) analysis and association with incidence of type 2 diabetes (T2D) in adults 

Author, Year, 
Quality Rating, 
Study Design,  

Cohort 

Sample Size, 
Location, 
Duration, 
Dietary 

Assessment, 
Methodology,  
No. Patterns 

Age, 
% Female  

Race/Ethnicity, 
Outcome/ 

Comparison, Number 
Cases 

Dietary Patterns  
Associated with Decreased T2D risk 

Dietary Patterns with No Significant 
Association with T2D risk 

Dietary Patterns  
Associated with Increased 

T2D risk 

Montonen et al., 
2005 
 
Neutral 
 
Prospective cohort  
 
Finnish Mobile Clinic 
Health Examination 
Survey  

N = 4,304 
 
Finland  
 
23 y 
 
Dietary history  
 
FA derived 2 dietary 
patterns 

40–69 y 
 
NR 
 
NR 
 
T2D RR, Q4 vs. Q1 
(95% CI) 
 
Incidence: 383 cases  

• "Prudent" (vegetables, and fruits),  
RR = 0.72 (0.53, 0.97), P for trend 0.03 
 

 • "Conservative" (butter, potatoes, whole 
milk, and red meat), RR = 1.49 (1.11, 2.00), 
P for trend 0.01 

Morimoto et al., 2012 

Neutral 
 
Prospective cohort  
 
Dietary and 
cardiovascular risk 
factor prevalence 
survey (1995-1996) 

N = 5,665 
 
Japan 
 
10.3 y 
 
16-item FFQ 

FA derived 3 dietary 
patterns 

40–69 y 
 
65% 
 
NR 
 
T2D HR, Q4 vs. Q1 
(95% CI) 
 
58,151 person-years; 
446 cases 

One "healthy" factor was identified, and 
characterized by more frequent 
consumption of vegetables, potatoes, 
seaweeds, fruits and soybean products, 
HR = 0.78 (0.0.61, 0.95), P for trend 0.008 
 
Results were similar when stratified by sex 
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Table 4-C-II-1 Summary of Findings―continued 
Dietary patterns identified using factor (white rows) or cluster (colored rows) analysis and association with incidence of type 2 diabetes (T2D) in adults 

Author, Year, 
Quality Rating, 
Study Design, 

Cohort 

Sample Size, 
Location, 
Duration, 
Dietary 

Assessment, 
Methodology,  
No. Patterns 

Age, 
% Female  

Race/Ethnicity, 
Outcome/ 

Comparison, Number 
Cases 

Dietary Patterns  
Associated with Decreased T2D risk 

Dietary Patterns with No Significant 
Association with T2D risk 

Dietary Patterns  
Associated with Increased 

T2D risk 

Nanri et al., 2013 

Neutral 
 
Prospective cohort  
 
Second Survey of 
the Japan Public 
Health Center-based 
Prospective 
 

N = 64,705 
 
Japan 
 
5 y 
 
134-item FFQ 

FA derived 3 dietary 
patterns 

45–74 y, mean ~57 y 
 
57% 
 
NR 
 
T2D OR, Q4 vs. Q1 
(95% CI) 
 
Incidence: 1,194 new 
cases  

 • "Prudent" (high intakes of vegetables, 
fruit, potatoes, soy products, seaweed, 
mushrooms, fish and green tea):  
--Men: OR = 0.93 (0.74, 1.16),  
P for trend 0.25, NS 
--Women: OR = 0.90 (0.69, 1.16),  
P for trend 0.45, NS 
• "Westernized" (high intake of meats, 
processed meat, bread, dressing, dairy 
products, fish, coffee, black tea, and 
sauces):   
--Men:  OR = 1.15 (0.90, 1.46),  
P for trend 0.12, NS 
--Women:   OR = 0.81 (0.61, 1.08),  
P for trend 0.26, NS 
• "Traditional Japanese" (high intakes of 
fish, pickles, seafood other than fish, miso 
soup, and rice): 
--Men:  OR = 0.97 (0.74, 1.27),  
P for trend 0.88, NS 
--Women: OR = 0.81 (0.61, 1.08),  
P for trend 0.26, NS 

 

Nettleton et al., 2008 
 
Neutral 
 
Prospective cohort 
 
Multi-Ethnic Study of 
Atherosclerosis 

N = 5,011 
 
U.S. 
 
5 y 
 
120-item FFQ 
 
FA derived 4 dietary 
patterns 

45–84 y, mean 61 y 
 
47% 
 
White: 43.5% 
Black: 24% 
Hispanic: 20.3% 
Chinese: 12.2% 
 
T2D HR, Q5 vs. Q1 
(95% CI) 
 
Incidence: 413 cases  
 

•"Whole grains and fruit" (whole grains, 
fruit, nuts and seeds, green leafy 
vegetables, and low-fat dairy foods),  
HR = 0.73 (0.52, 1.04), P for trend 0.05 
 

• "Fats and processed meat" (added fats, 
processed meat, fried potatoes, and 
desserts), NS 
• "Vegetables and fish" (several vegetable 
groups, fish, soup, Chinese foods, red meat, 
poultry, and soy), NS 
 
There were no significant associations 
between T2D race/ethnic specific dietary 
patterns 

• "Beans, tomatoes and refined grains" 
(beans, tomatoes, refined grains, high-fat 
dairy foods, avocado, and red meat),  
HR = 1.28 (0.88, 1.84), P for trend 0.003 
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Table 4-C-II-1 Summary of Findings―continued 
Dietary patterns identified using factor (white rows) or cluster (colored rows) analysis and association with incidence of type 2 diabetes (T2D) in adults 

Author, Year, 
Quality Rating, 
Study Design, 

Cohort 

Sample Size, 
Location, 
Duration, 
Dietary 

Assessment, 
Methodology,  
No. Patterns 

Age, 
% Female  

Race/Ethnicity, 
Outcome/ 

Comparison, Number 
Cases 

Dietary Patterns  
Associated with Decreased T2D risk 

Dietary Patterns with No Significant 
Association with T2D risk 

Dietary Patterns  
Associated with Increased 

T2D risk 

Van Dam et al., 2002 

Positive 

Prospective cohort  
 
Health Professionals 
Follow-up Study 

N = 42,504 
 
U.S. 
 
12 y 
 
131-item FFQ 
 
FA derived 2 dietary 
patterns 

40–75 y; mean ~53 y 
 
0% 
 
NR 
 
T2D RR, Q5 vs. Q1 
(95% CI) 

 
466,508 person-years of 
follow-up; 1,321 cases  

 • "Prudent" (vegetables, fruit, legumes, fish, 
poultry, and whole grains), RR = 0.84 (0.70, 
1.00), P for trend 0.2, NS 
 

• "Western" (red and processed meats, 
refined grains, French fries, high-fat dairy 
products, sweets and desserts, high-sugar 
drinks, and eggs), RR = 1.59 (1.32, 1.93), 
 p for trend < 0.001 

Yu et al., 2011 

Neutral 
 
Prospective cohort  
 
Hong Kong, China 

N = 690 
 
Hong Kong, China 
 
9–14 y 
 
266-item FFQ 

FA derived 4 dietary 
patterns 

25–74 y 
 
52% 
 
NR 
 
T2D risk OR per 1 SD 
increase in score (95% 
CI) 
 
Incidence: 74 new cases  

• "More vegetables, fruit and fish” (fish, 
seafood, fruit, other vegetables, dark 
green, and leafy vegetables), OR = 0.76 
(0.58, 0.99) 
 

• "More snacks and drinks” (chinese dim 
sum, tea, and soup), NS 
• "More refined grains” (sweets and 
desserts), NS 

• "More meat and milk products” (red 
meat and milk), OR = 1.39 (1.04, 1.84) 
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Table 4-C-II-2. Summary of Findings 
Dietary patterns identified using factor or cluster analysis (shaded rows) and association with risk of type 2 diabetes (T2D) in adults 

Author, Year, Quality 
Rating, 

Study Design,  
Cohort 

Sample Size, 
Location, 
Duration, 

Dietary Assessment, 
Methodology,  
No. Patterns  

Age, 
% Female  

Race/Ethnicity, 
Outcome/ 

Comparison 
 

Dietary Patterns  
Associated 

with Decreased T2D Risk 

Dietary Patterns with No Significant 
Association 

with T2D Risk 

Dietary Patterns  
Associated with Increased 

T2D risk 

Duffey et al., 2012    
  
Neutral 
 
Prospective cohort  
 
Coronary Artery Risk 
Development in Young 
Adults Study  

N = 3,664 
 
U.S. 
 
20 y 
 
Dietary History  
 
CA derived 2 dietary 
patterns 

18–30 y 
 
59%  
 
NR 
 
High fasting glucose  
(≥ 6.1 mmol/L) 
 
"Prudent" vs "Western" 
pattern 

 
 

• "Prudent diet" (fruit, milk, yogurt, cheese, nuts, seeds, fish, and 
whole grains). 
• "Western diet" (meats, poultry, refined grains, sugar-sweetened 
soda, fast food, fruit drinks, egg and egg dishes, legumes, and 
snacks) 
High fasting glucose HR = 0.93 (95%CI: 0.80, 1.09), NS 

 
 

Kimokoti et al., 2012 
 
Positive 
 
Prospective cohort  
 
Framingham 
Offspring/Spouse 
Cohort 

N = 1,146 
 
U.S. 
 
7 y 
 
145-item FFQ   
 
CA derived 5 dietary 
patterns 

25–77 y 
 
100%  
 
NR 
 
High fasting plasma 
glucose 
 (≥ 5.1 mmol/L) 
 
Incidence 

 •  "Heart healthier" (vegetables, fruits, legumes, fish, whole grain, 
low-fat dairy milk), NS                                                                                                    
• "Lighter eating" (fattier poultry and beer),  NS                                                                                                     
• "Wine and moderate eating" (wine, organ meats, eggs, high-fat 
dairy, and snack foods), NS                                                                            
• "Higher fat" (sweets and animal fats, refined grains, soft 
margarine, oils, diet beverages, and desserts), NS                                                                                                         
• "Empty calorie"  (sweetened beverages, meat, mixed dishes and 
desserts), NS 

 

Lau et al., 2009 
 
Neutral 
 
Prospective Cohort  
 
Danish population-
based non-
pharmacological 
Inter99 study 
 

N = 5,824 
 
Denmark 
 
5 y 
 
198-item FFQ  
 
FA derived 2 dietary 
patterns 

30–60 y 
 
NR 
 
NR 
 
 
FPG and 2h-PG 
concentration (repeat 
measures) 
 
Change 

2h-PG concentration: 
• "Modern" (higher 
intakes of vegetables, fruit, 
mixed vegetables dishes, 
vegetable oil and vinegar 
dressing, poultry, pasta, 
rice, and cereals) 
2h-PG = -0.014 (-0.025,-
0.004), P=0.009 
[Estimates show that a 
higher score (of 1 SD) 
predicted change (in 
mmol/L) (95% CI)] 

FPG: 
• "Modern" (higher intakes of vegetables, fruit, mixed vegetables 
dishes, vegetable oil and vinegar dressing, poultry, pasta, rice, and 
cereals) 
FPG = -0.000 (-0.004, 0.003), P=0.873, NS 
FPG and 2h-PG concentration: 
• "Traditional" (higher intakes of pate or high-fat sandwich meat, 
mayonnaise salads, red meat, potatoes, butter and lard, low-fat fish, 
low-fat sandwich meat, and sauces), 2h-PG = 0.002 (-0.009, 0.013), 
P=0.677, NS 
FPG = 0.001 (-0.003, 0.004), P=0.632, NS 
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Qualitative Assessment of the Collected Evidence 

Quality and Quantity 
Twelve prospective cohort studies evaluated the association between dietary patterns and incidence of T2D. Six 
studies were found to be of positive quality, and six received a neutral quality rating. Studies ranged in size from 
690 to 75,512 subjects. Three prospective cohort studies with 1,146 to 5,824 subjects evaluated the association 
between dietary patterns and intermediate outcomes, specifically fasting plasma glucose. Fasting plasma glucose 
criteria varied between studies and only one study (Lau, 2009) measured post-challenge 2-hour plasma glucose, in 
addition to a fasting measure. 
 
Consistency 
Among studies that showed significant associations, there were substantial variations in food group components and 
not all studies with similar patterns showed significant associations. There were many null findings, particularly 
among shorter studies (less than 7 years). In general, dietary patterns derived using factor or cluster analysis, 
characterized by vegetables, fruits, and low-fat dairy products tended to have an association with decreased risk of 
type 2 diabetes, and those patterns characterized by red meat, sugar-sweetened foods and drinks, French fries, 
refined grains, and high-fat dairy products tended to show an increased association for risk of type 2 diabetes in 
adults.  
 
Impact 
It is challenging to infer public health implications from these studies, since the results from cluster analysis and 
factor analysis are based on a specific population and hard to translate into detailed dietary prescriptions, aside from 
broad generalizations. Results were clinically meaningful for associations made between factors and clusters and 
incidence of T2D. The methodologies used in the included studies varied substantially. Patterns using the same 
naming convention may contain very different foods or groups of foods (e.g., a pattern labeled “prudent” may or 
may not contain fish, nuts, legumes, whole grains, poultry, or low-fat dairy products). Variations in the number of 
study subjects, cases, and subjective decisions involved in deriving and retaining factors and clusters for analysis 
likely influence the ability to detect associations.  
 
Generalizability/External Validity   
Studies recruited adult populations, and both men and women were well represented. Eight of twelve studies 
assessing T2D incidence were conducted outside the United States and one of three assessing intermediate 
outcomes. The majority of studies included White populations. Ethnicity and socioeconomic status were often not 
reported in analyses. 
   
Limitations of the Evidence 
• Variation in methodology used to derive and analyze dietary patterns (e.g., factor versus cluster analysis, 

subjective decisions regarding groupings of foods, number of patterns retained and naming conventions, 
population characteristics, sample size and case numbers) make the analysis challenging. Even factors with the 
same naming convention (e.g., “vegetable” or “prudent”) included somewhat different foods or groups of foods.  

• Patterns derived from either factor or cluster analysis may not be reproducible because of variations in 
populations, sample sizes, dietary assessment methods, and decisions made to define food variables used in 
factor and cluster analysis, and factors and clusters differ across studies.  

• Differences in the statistical analysis approaches used to derive and retain factors and clusters influences power 
and the ability to detect an association. 

• Patterns derived from factor analysis and cluster analyses were analyzed differently. In factor analysis, “high” 
scores were generally compared with “low” scores of the same pattern, though it was not clear what 
characteristic differences there were in a “high” versus “low” score factor. In cluster analysis, one cluster was 
compared with another one, making it difficult to interpret results together.  

• Dietary patterns with significant association should not be construed as the best or worst possible diet associated 
with diabetes risk. 



  

Dietary Patterns      194 

 

• Most longitudinal studies included only baseline measure of dietary intake and did not account for changes in 
subject’s diets, availability, and variations in the food supply, which may have influenced the food components 
of patterns. Food frequency questionnaires may not accurately capture important elements of the diet.  

 
Research Recommendations 
• Evaluate and standardize methods used to assess, organize, aggregate, and adjust food variables to facilitate 

interpretation of findings across studies. 
• Additional research is needed to examine if and how gender, age, SES, and ethnicity might influence the 

relationship between dietary patterns and risk for T2D. 
• Consider important confounders that may modify or explain the association between dietary intake and T2D, for 

example weight change. 
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Section III:  Reduced Rank Regression Analysis  
By Thomas V Fungwe and Julie E. Obaggy 
 
What is the relationship between adherence to dietary guidelines/recommendations or specific 
dietary patterns, assessed using reduced rank regression analysis, and risk of type 2 diabetes? 

 
 

TECHNICAL ABSTRACT 

Background 

The goal of this systematic review project is to identify patterns of food and beverage intake that promote health and 
prevent disease. Historically, most dietary guidance has been based on research conducted on individual food 
components or nutrients. Dietary patterns are defined as the quantities, proportions, variety, or combination of 
different foods, drinks, and nutrients (when available) in diets, and the frequency with which they are habitually 
consumed. Reduced rank regression (RRR) is a statistical method that determines dietary patterns (combinations of 
food intake) that explain as much variation as possible among a set of response variables related to a health outcome 
of interest. It is an a posteriori method since it uses both existing evidence and exploratory statistics. The objective 
of this systematic review was to assess the relationship between patterns of food and beverage intake identified 
using reduced rank regression, and risk for type 2 diabetes.  
 
Conclusion Statement  
There is insufficient evidence, due to a small number of studies, to examine the relationship between dietary patterns 
derived using reduced rank regression and risk of type 2 diabetes. The differences in the methods used and 
populations studied made it difficult to compare results, and therefore no conclusions were drawn. (Grade: Not 
Assignable) 
 
Methods  
Literature searches were conducted using PubMed, Embase, Navigator (BIOSIS, CAB Abstracts, and Food Science 
and Technology Abstracts), and Cochrane databases to identify studies that evaluated the association between 
dietary patterns derived using reduced rank regression analysis and risk of type 2 diabetes. Studies that met the 
following criteria were included in the review: Human subjects; Ages: 2 years and older; Populations: Healthy and 
those with elevated chronic disease risk; individuals with chronic disease; published in English in a peer-reviewed 
journal; Sample size: Minimum of 30 subjects per study arm; Dropout rate Less than 20 percent; Study assesses 
dietary intake using reduced rank regression analysis; study considered diabetes and risks of diabetes.; subjects from 
countries with high or very high human development (based on the 2011 Human Development Index). The date 
range for the conduct of the studies was unlimited. 
 
The results of each included study were summarized in evidence worksheets (including a study quality rating) and 
evidence table. A group of subject matter experts were involved in a qualitative synthesis of the body of evidence, 
development of a conclusion statement, and assessment of the strength of the evidence (grade) using pre-established 
criteria including evaluation of the quality, quantity and consistency, magnitude of effect and generalizability of 
available evidence.   
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Findings  
Three prospective cohort studies examined dietary patterns derived using reduced rank regression analysis and their 
association with T2D incidence. The studies ranged in size from 880 to 6,699 subjects, and two of the studies were 
conducted in the United States and one in the United Kingdom and ranged in duration from 5.2 to 11.6 years.   
• Comparison across studies was limited by the small number of studies, differences in methodology, and in the 

populations studied. Therefore no conclusions were drawn.  
 

Discussion  
The ability to draw a gradable conclusion was limited due to the following issues: 
• All  three studies used different types of biomarkers as response variables, such as PAI-1 and fibrinogen; 

HOMA-IR index; and BMI, fasting glucose, TG, HDL, and hypertension, making it difficult to make 
comparisons across these studies. 

• The dietary patterns derived in each of these studies were directly linked to the response variables selected; 
therefore, the variation in the response variables used suggest that the resulting dietary patterns may not be 
comparable. 

• There were variations in dietary assessment methods used to assess dietary intake, as well as the food groupings 
using in the analyses across the studies. These methodological differences make it difficult to compare the 
resulting dietary patterns across studies and to determine how these differences may have contributed to 
differences in relationships between the patterns and type 2 diabetes risks.  

• The studies were not consistent in their use of confounders in the analyses. For example, alcohol intake was not 
included as a confounder in one study, and alcohol, BMI, and smoking status were not controlled for in another 
study. 

 
There was a positive association between derived dietary patterns that included meat intake and incident T2D in the 
two studies that used biomarkers as response variables, though the definitions of meat differed. However, because 
there were so few studies available, variability in the methodology used and different populations considered, there 
was insufficient information from which to assess consistency or draw conclusions about the relationship between 
dietary patterns derived using reduced rank regression and risk of type 2 diabetes. 
 
 

PLAIN LANGUAGE SUMMARY 
Are the amounts, types, variety, or combinations of foods and beverages people  
frequently eat and drink related to the likelihood of developing type 2 diabetes? 

In the past, researchers looked at the relationship between individual foods and nutrients and health. Today, there is 
interest in looking at how combinations of foods and beverages intake, or dietary patterns, influence health by 
applying different scientific methods. A statistical method called reduced rank regression analysis can be used to 
describe the patterns of foods and beverages people eat based on a set of “response variables” that are known to be 
related to the health outcome of interest. This summary of a NEL review presents what research evidence currently 
exist when reduced rank regression analysis is the method used to study the dietary patterns of groups of people and 
their likelihood of developing type 2 diabetes.   
 
Conclusion 
There is insufficient evidence, due to a small number of studies, to examine the relationship between dietary patterns 
derived using reduced rank regression and risk of type 2 diabetes. The differences in the methods used and 
populations studied made it difficult to compare results, and therefore no conclusions were drawn.  
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What the Research Says 
Three studies looked at dietary patterns found using reduced rank regression analysis and the risk of getting type 2 
diabetes. However, these studies had some key issues that make it hard to make any recommendations: 
• There were few studies available. 
• There were many differences in how the studies were done. 
• The populations studied were different between studies. 

 
EVIDENCE PORTFOLIO 

Conclusion Statement 
There is insufficient evidence, due to a small number of studies, to examine the relationship between dietary patterns 
derived using reduced rank regression and risk of type 2 diabetes. The differences in the methods used and 
populations studied made it difficult to compare results, and therefore no conclusions were drawn. 
 
Grade 
IV – Not Assignable 
 
Key Findings: 
The three positive quality prospective cohort studies included in this review used reduced rank regression (see 
appendix A) analysis to examine the relationship between dietary patterns and the risk of type 2 diabetes (T2D). 
Comparison across studies was limited by the small number of studies, differences in methodology, and in the 
populations studied. Therefore, no conclusions were drawn. 
 
Evidence Summary Overview 
Description of the Evidence 

Three prospective cohort studies that used RRR to examine the relationship between dietary patterns and T2D were 
included in this systematic review (Liese, 2009; McNaughton, 2008; Imamura, 2009). All of the studies were rated 
positive quality. Two of the studies were conducted in the USA and one in the United Kingdom. The sample sizes 
were 880 for Liese (2009), 2,879 for Imamura (2009), and 6,699 for McNaughton (2008). All three studies were 
conducted in adults, included females and males, used validated food frequency questionnaires to assess dietary 
intake, and included incidence of T2D as the primary study outcome.  
 
The independent variables in these studies were dietary pattern scores and biomarkers used as response variables in 
two of the studies. The response variables used and the respective dietary patterns extracted for each study are 
described in more detail below.  
 
Evidence Summary Paragraphs 
 
Liese 2009 (positive quality) used plasminogen activator Inhibitor-I (PAI-1) and fibrinogen as response variables. 
One dietary pattern was extracted that was characterized by high intake of red meats, low-fiber bread and cereal, 
dried beans, fried potatoes, tomato vegetables, eggs, cheese, and cottage cheese and low intake of wine. Red meat 
and low-fiber bread/cereal explained 19.3 percent and 18.1 percent, respectively, of the variation in the pattern 
score. Taken together, all nine food groups within the pattern explained 72.8 percent of food pattern score variation.  
 
McNaughton 2008 (positive quality) used Homeostasis Model assessment of Insulin resistance index (HOMA-IR 
index) as the response variable. One dietary pattern was extracted that was characterized by high consumption of 
low-calorie/diet soft drinks, onions, sugar-sweetened beverages, burgers and sausages, crisps and other snacks, and 
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white bread; and low consumption of medium-/high-fiber breakfast cereals, jam, French dressing/vinaigrette, and 
whole meal bread. The extracted dietary pattern explained 5.7 percent of the variation in HOMA-IR, and the 10 food 
items with factor loadings >0.2 explained 66.5 percent of the variation in the dietary pattern score. 
 
Imamura 2009 (positive quality) conducted confirmatory and exploratory analyses to compare internally and 
externally derived dietary patterns on the incidence of T2D using data from the Nurses’ Health Study (NHS), 
European Prospective Investigation into Cancer and Nutrition Potsdam Study (EPIC), Whitehall II Study (WS). 
Response variables were: NHS: Inflammatory cytokines; EPIC: HDL, glycated hemoglobin, c-reactive protein, 
adiponectin; WS: HOMA-IR. For the exploratory analyses, three RRR analyses were done within the FOS cohort 
using BMI, fasting glucose, triglycerides (TG), HDL cholesterol, and hypertension as response variables and each 
food grouping of the NHS, EPIC, and WS cohorts was applied. All three exploratory scores had similar positive 
contributions (increased risk; meat, processed meat, eggs, margarine, fried products, refined grains, and 
caloric/noncaloric soft drinks), but the negative contributors (decreased risk) differed (with the exceptions of tea and 
whole grains).  
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        Key:  (+) Higher intake       (-) Lower intake 

Table 4-C-III-1 Summary of Findings 
Results from studies examining what combinations of food intake (assessed using reduced rank 

regression) explain the most variation in the risk of type 2 diabetes 

Study; Quality 
Rating; 

Study Design; 
Cohort; Location 

Study Description Response Variables Dietary Pattern Results 

Liese, 2009 
 
Positive Quality 
 
PCS 
 
Insulin Resistance 
Atherosclerosis 
Study 
 
United States 
 

Examined the 
relationship between 
dietary patterns and 
incidence of T2D  
 
 

Plasminogen 
Activator Inhibitor-I 
(PAI-1),                           
Fibrinogen 

 (+)  red meats, low-
fiber bread and 
cereal, dried beans, 
fried potatoes, tomato 
vegetables, eggs, 
cheese, and cottage 
cheese 
(-)  wine 
 
 

T2D incident cases = 144 (crude incidence of 
162 per 1000) 
 
Comparing the highest and lowest quintiles of 
food pattern scores (based on Model 3):                                        
OR = 4.51 (95% CI = 1.60-12.69), P for trend = 
0.0173 
 
Results stratified by obesity status: 
The association was strongly present in non-
obese subjects (P for trend = 0.02), it was not for 
obese individuals (P for trend = 0.77). 

McNaughton, 2008 
 
Positive Quality 
 
PCS 
 
Whitehall II Cohort 
 
United Kingdom 

Examined the 
relationship between 
dietary patterns and 
incidence of T2D  

Homeostatic Model 
assessment of  
Insulin resistance 
index (HOMA-IR) 
 

(+) low-calorie/diet 
soft drinks, onions, 
sugar-sweetened 
beverages, burgers 
and sausages, crisps 
and other snacks, 
and white bread; 
 (-) medium-/high-
fiber breakfast 
cereals, jam, French 
dressing/ vinaigrette, 
and whole meal 
bread 

T2D (77,440 person-years)  incident cases = 427  
 
DP Score and risk of T2D, high vs. low quartiles 
(based on Model 8): HR = 1.51 [95% CI 1.10 -
2.09]; P for trend <0.0001 
 

Imamura, 2009 
 
Positive Quality 
 
PCS 
 
Framingham 
Offspring 
 
United States 

Examined the 
relationship between 
dietary patterns and 
incidence of T2D, and 
conducted confirmatory 
and exploratory studies 
using RRR to determine  
the generalizability of 
DPs from prior studies 
conducted in different 
(NHS, EPIC), WS) to 
predict T2D and to 
compare internally and 
externally derived 
scores on the 
predictability of T2D. 

FOS: BMI, fasting 
glucose, triglycerides, 
HDL cholesterol, and 
hypertension 
 
NHS: Inflammatory 
cytokines; 
  
EPIC: HDL, glycated 
hemoglobin,  
C-reactive protein, 
adiponectin;  
 
WS: HOMA-IR 

(+) meat, processed 
meat, eggs, 
margarine, fried 
products, refined 
grains, and 
caloric/noncaloric soft 
drinks 
(-) tea, whole grains 
  

HRs for T2D for exploratory and confirmatory 
scores respectively: 
NHS: HR = 1.58 (95% CI:1.37, 1.83); 1.44  
(95% CI: 1.25, 1.66)  
EPIC: HR = 1.60 (95% CI: 1.39, 1.83); 1.14 
(95% CI: 0.99, 1.32)  
WS:  HR = 1.60 (95% CI: 1.39, 1.83); 1.16  
(95% CI: 1.00, 1.35) 
 
Ratios of the confirmatory and exploratory 
scores: 
EPIC: HR = 0.76 [95% CI 0.64, 0.90], P=0.027 
WS: HR = 0.75 [95% CI 0.62, 0.90], P=0.021 
NHS: HR = 0.91 [95% CI 0.82, 1.01], P=0.16 
 
DPs and prediction of T2D: 
DP derived from NHS as predictive as DP 
derived from FOS.  
DP derived from EPIC and WS were less 
predictive. 
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Assessment of the Body of Evidence: 
This review included three positive-quality prospective cohort studies. There was a positive association between 
dietary patterns that included meat intake and incident T2D in the two studies (Liese, 2009; McNaughton, 2008) that 
used biomarkers as response variables, though the definitions of meat differed. However, because there were so few 
studies available, variability in the methodology used and different populations considered, there was insufficient 
information from which to assess consistency or draw conclusions about the relationship between dietary patterns 
derived using RRR and risk of T2D. 
 
Limitations of the Evidence 

Methodological Differences: 
• All of the studies used different types of biomarkers as response variables, such as PAI-1 and fibrinogen; 

HOMA-IR index; and BMI, fasting glucose, TG, HDL, and hypertension, making it difficult to make 
comparisons across these studies.  

• The dietary patterns described in each of these studies were directly linked to the response variables selected; 
therefore, the variation in the response variables used suggest that the resulting dietary patterns may not be 
comparable. 

• There were variations in dietary assessment methods used to assess dietary intake, as well as the food groupings 
used in the analyses across the studies. For example, Liese (2009) used a 114-item validated semi-quantitative 
FFQ, created 33 food groups on the basis of similarities in food and nutrient composition, and queried alcoholic 
beverages separately. McNaughton (2008) used a 127-item validated FFQ and the food and beverage items 
were aggregated into 71 groups on the basis of nutrient content, cooking, and preparation methods. Imamura 
2009 used a 126-item validated semi-quantitative FFQ (FOS) and used food groupings from previous studies to 
each RRR-derived dietary pattern and applied to the FOS data to create three different sets of food groups used 
in their analyses. These methodological differences make it difficult to compare the resulting dietary patterns 
across studies and to determine how these differences may have contributed to differences in relationships 
between the patterns and type 2 diabetes risks. 

• The studies were not consistent in their use of confounders in the analyses. For example, as compared to 
McNaughton (2008), alcohol intake was not included as a confounder in the analyses by Liese (2009), and 
alcohol, BMI, and smoking status were not included as confounders by Imamura (2009). 

 
Population Differences: 
Two of the studies were conducted in the United States and one in the United Kingdom and represented populations 
in different regions of the world, which limited the ability to compare and interpret the results due to potential 
differences in dietary patterns between these regions. 
 
Research Recommendations 

More research using reduced rank regression analyses should be conducted to investigate the relationship between 
dietary patterns and type 2 diabetes, particularly among U.S.-based populations, and including both intermediate 
outcomes (glucose intolerance, insulin resistance), as well as incidence of disease. Additionally, standardization in 
methodology, such as response variables and food groupings used, are also needed.  
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Section IV:  Other Methods 
By Jean M. Altman and Mary M. McGrane 
 
What is the relationship between adherence to dietary guidelines/recommendations or specific 
dietary patterns (assessed using methods other than index/score, cluster or factor, or reduced 
rank regression analyses) and risk of type 2 diabetes? 

 
 

TECHNICAL ABSTRACT 
Background   
The goal of this systematic review project is to identify patterns of food and beverage intake that promote health and 
prevent disease. Historically, most dietary guidance has been based on research conducted on individual food 
components or nutrients. Dietary patterns are defined as the quantities, proportions, variety, or combination of 
different foods, drinks, and nutrients (when available) in diets, and the frequency with which they are habitually 
consumed. Different methods of analyses are used to assess dietary patterns including index or score, cluster or 
factor, reduced rank regression, in addition to other methods, to examine the relationship between adherence to 
dietary guidelines/recommendations or specific dietary patterns of a population and outcomes of public health 
concern. The objective of this systematic review was to assess the relationship between patterns of food and 
beverage intake identified using methods other than index or score, factor or cluster, or reduced rank analyses, and 
risk of type 2 diabetes.  
 
Conclusion Statement  
There is insufficient evidence on a relationship between adherence to a Mediterranean-style or vegetarian diet 
pattern and incidence of type 2 diabetes. There is limited, inconsistent evidence that adherence to a Mediterranean-
style, DASH or modified DASH, or Nordic dietary pattern results in improved glucose tolerance and insulin 
resistance. (Grade IV-Not Assignable – Incidence of type 2 diabetes; Grade: III-Limited-Glucose tolerance and 
insulin resistance) 
 
 
Methods  
Literature searches were conducted using PubMed, Embase, Navigator (BIOSIS, CAB Abstracts, and Food Science 
and Technology Abstracts), and Cochrane databases to identify studies that evaluated the association between 
dietary patterns defined using methods other than index factor or cluster analysis and body weight status. Studies 
that met the following criteria were included in the review: conducted in subjects aged 2 to 18 years; randomized 
controlled trials, non-randomized controlled trials, or quasi-experimental studies; subjects from countries with high 
or very high human development (based on the 2011 Human Development Index); subjects who were healthy or at 
elevated chronic disease risk; published in English in a peer-reviewed journal. The date range was unlimited. 
 
The results of each included study were summarized in evidence worksheets (including a study quality rating) and 
an evidence table. A group of subject matter experts were involved in a qualitative synthesis of the body of 
evidence, development of a conclusion statement, and assessment of the strength of the evidence (grade) using pre-
established criteria including evaluation of the quality, quantity, consistency, magnitude of effect, and 
generalizability of available evidence.   
 
Findings 

• Four types of dietary patterns were identified using other methods of assessing dietary exposure related to type 
2 diabetes risk: (1) a Mediterranean-style pattern, (2) a DASH or modified DASH pattern, (3) a vegetarian 
pattern, and (4) a Nordic pattern. 
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• Overall, there were too few articles and the dietary patterns and study characteristics were too varied to compare 
across studies.  

• A favorable association was found in a Mediterranean-style diet combined with olive oil and/or nuts, and in a 
vegetarian diet compared to a non-vegetarian diet with incidence of type 2 diabetes higher in Black versus non-
Blacks. 

• Five out of eight studies were conducted outside of the United States with only three out of eight articles 
reported race/ethnicity and, of those, only one study reported results based on race/ethnicity.  

• Limitations of the studies include:  
o All of the randomized controlled trials (RCTs) included different at-risk populations.  
o Too few articles examined a relationship between dietary patterns and the endpoint outcome of incident 

type 2 diabetes to draw a conclusion, although the two patterns studied (one Mediterranean-style and one 
vegetarian) showed a favorable effect.  

o Too few articles assessed the intermediate outcomes of impaired glucose tolerance and/or insulin 
resistance. The results related to impaired glucose tolerance and/or insulin resistance were too mixed to 
identify a consistent pattern. 

 
Discussion  
It is difficult to synthesize the results from the studies in this review because there were too few studies and they 
examined different dietary patterns or patterns that were operationalized differently. The studies included a 
predominantly Caucasian population with varied baseline health status. 
 
 

PLAIN LANGUAGE SUMMARY 
Are the amounts, types, variety or combinations of foods and beverages  

people frequently eat and drink related to the likelihood of developing type 2 diabetes? 
 
In the past, researchers looked at the relationship between individual foods and nutrients and health. Today, there is 
interest in looking at how combinations of foods and beverages, or dietary patterns, impact health. This summary of 
a NEL review presents what we know about different healthy eating patterns and the amounts, variety or 
combination of different foods and drinks, and how often they are eaten may affect body weight.  
 
Conclusion 

There is insufficient evidence on a relationship between adherence to a Mediterranean-style or vegetarian diet 
pattern and incidence of type 2 diabetes. There is limited, inconsistent evidence that adherence to a Mediterranean-
style, DASH or modified DASH, or Nordic dietary pattern results in improved glucose tolerance and insulin 
resistance.  
 
What the Research Says 

• Four types of dietary patterns were identified using other methods to measure how well participants followed a 
specific pattern and relate it to risk of getting type 2 diabetes: (1) a Mediterranean-style pattern, (2) a DASH or 
modified DASH pattern, (3) a vegetarian pattern, and (4) a Nordic pattern. 

• Overall, there were too few studies, too many different dietary patterns, and the study components were too 
different to compare the results across studies.  

• A reduced chance of getting type 2 diabetes was found in a Mediterranean-style diet combined with olive oil 
and/or nuts, and in a vegetarian diet compared to a non-vegetarian diet where Black participants had a higher 
rate of type 2 diabetes than non-Blacks. 

• Five out of eight studies were done outside of the United States. Only three out of eight articles reported the 
race/ethnicity of the participants and, of those, only one study showed results based on race/ethnicity.  

• Limitations of the studies include:  
o All of the randomized controlled trials (RCTs) included participants with different health issues.  
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o Too few studies looked at dietary patterns and the incidence of type 2 diabetes to be able to say whether a 
specific pattern or patterns protect against getting type 2 diabetes. However, two patterns studied (one 
Mediterranean-style and one vegetarian) showed a reduced chance of getting type 2 diabetes.  

o Too few studies looked at impaired glucose tolerance and/or insulin resistance that affect risk of type 2 
diabetes, and the results were too different to identify a consistent pattern. 

o It is difficult to list the specific foods and beverages because there were too few studies looking at several 
different patterns that were defined differently.  

 
 

EVIDENCE PORTFOLIO 
 
Conclusion Statement 
There is insufficient evidence on a relationship between adherence to a Mediterranean-style or vegetarian diet 
pattern and incidence of type 2 diabetes. There is limited, inconsistent evidence that adherence to a Mediterranean-
style, DASH or modified DASH, or Nordic dietary pattern results in improved glucose tolerance and insulin 
resistance. 
 
Grade 

    IV-Not Assignable – Incidence of type 2 diabetes; III-Limited-Glucose tolerance and insulin resistance 

 
Key Findings:  
• Four types of dietary patterns were identified using other methods of assessing dietary exposure related to type 

2 diabetes risk: (1) a Mediterranean-style pattern, (2) a DASH or modified DASH pattern, (3) a vegetarian 
pattern, and (4) a Nordic pattern. 

• Overall, there were too few articles and the dietary patterns and study characteristics were too varied to compare 
across studies.  

• A favorable association was found in a Mediterranean-style diet combined with olive oil and/or nuts, and in a 
vegetarian diet compared to a non-vegetarian diet with incidence of type 2 diabetes higher in Black versus non-
Blacks. 

• Five out of eight studies were conducted outside of the United States with only three out of eight articles 
reported race/ethnicity and, of those, only one study reported results based on race/ethnicity.  

• Limitations of the studies include:  
o All of the randomized controlled trials (RCTs) included different at-risk populations.  
o Too few articles examined a relationship between dietary patterns and the endpoint outcome of incident 

type 2 diabetes to draw a conclusion, although the two patterns studied (one Mediterranean-style and one 
vegetarian) showed a favorable effect.  

o Too few articles assessed the intermediate outcomes of impaired glucose tolerance and/or insulin 
resistance. The results related to impaired glucose tolerance and/or insulin resistance were too mixed to 
identify a consistent pattern. 

o It is difficult to assess food components, as there were too few studies across several different patterns that 
were operationalized differently.  
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Evidence Summary Overview 
Description of the Evidence 
A total of eight articles met the inclusion criteria for this systematic review on dietary patterns and incident type 2 
diabetes outcomes assessed using methods other than index/score, cluster or factor, or reduced rank regression 
analyses. The body of evidence examined seven studies (two articles on PREDIMED) consisting of six RCTs 
(RCTs) (Adamsson, 2011; Blumenthal, 2010; Esposito, 2004; Gadgil, 2013; Rallidis, 2009; Salas-Salvado, 2008 and 
2001) and one PCS (PCS) (Tonstad, 2013). In terms of study quality, seven of the eight articles received a positive 
quality rating and one was rated neutral (Tonstad, 2013). The studies were carried out between 2004 and 2013. Two 
studies were conducted in the United States; one in the United States and Canada; one in Spain (2 PREDIMED 
articles); and one each in Greece, Italy, and Sweden. The sample sizes of the RCTs ranged from 82 to 1,224 
participants and the PCS had a sample size of 41,387 participants (in total, 2 studies <100; 3 studies >100; 1 study 
>400; 1 study >1,000; and 1 study >40,000). All eight studies were conducted in adults. RCT duration ranged from 
6 weeks to a median of 4 years and the PCS duration was 2 years (in total, 5 studies <1 year, 2 studies <2 years, and 
1 study >3 years).  
 
Population: 
The RCTs were primary prevention studies of at-risk subjects. Baseline health status in these subjects included 
subjects with mild hypercholesterolemia (Adamsson, 2011); overweight or obese subjects (Blumenthal, 2010; 
Gadgil, 2013); subjects with metabolic syndrome (Esposito, 2004); subjects with abdominal obesity (Rallidis, 2009); 
and subjects with three or more CVD risk factors, including metabolic syndrome (Salas-Salvado, 2008 and 2011). 
The PCS subjects were non-diabetic individuals in the Adventist Health Study (Tonstad, 2013). The mean age in six 
of the studies was between 44 and 67 years and the age of participants in one study ranged from 25 to 65 years 
(Adamsson, 2011). Female participation in the seven studies was between 45 and 67 percent. Race or ethnicity was 
not reported in the three studies that looked at a Mediterranean-style diet (Esposito, 2004; Rallidis, 2009, Salas-
Salvado, 2008 and 2011) and one study examining the Nordic diet (Adamsson, 2011). Three studies that looked at 
either at the DASH diet or variation of the DASH diet (Blumenthal, 2010; Gadgil, 2013) or a vegetarian diet 
(Tonstad, 2013) had a representative Black subgroup which accounted for 17 to 55 percent of the study population. 
   
Dietary Exposure: 
Four of the seven studies (all RCTs) examined a Mediterranean-style dietary pattern or variation of one. One study 
looked at the Mediterranean-style diet with addition of either olive oil or nuts compared to a control, low-fat diet in 
the PREDIMED trial of subjects at risk for CVD (Salas-Salvado, 2008 and 2011). One study looked at the 
Mediterranean-style diet versus a “Prudent” diet as control in subjects with metabolic syndrome (Esposito, 2004) 
and one study looked at a Greek Mediterranean diet in subjects with abdominal obesity (Rallidis, 2009). The other 
three RCTs looked at either a variation of the DASH dietary pattern (Blumenthal, 2010 [ENCORE]; Gadgil, 2013 
[OmniHeart]); and the Nordic diet (Adamsson, 2011). The PCS looked at vegetarian patterns, including vegan, 
lacto-ovo vegetarian, pesco vegetarian, and semi-vegetarian (Tonstad, 2013). Table 1 provides an overview of the 
study characteristics, a description of the dietary patterns examined, and the results as intermediate and endpoint 
outcomes. 
 
Dietary Assessment: 
Dietary intake in this review was assessed using a variety of methods, including food frequency questionnaires 
(FFQs), diet adherence questionnaires, dietary history interviews, 24-hour recalls, and food records, diaries, and 
checklists. 
 
Four of the seven studies used a FFQ to assess dietary intake in addition to other assessment methods. In the 
PREDIMED trial, a 137-item validated FFQ and a 14-item validated questionnaire on adherence to the traditional 
Mediterranean diet were used (Salas-Salvado, 2008 and 2011). In the ENCORE trial, a self-reported FFQ (4-week 
recall) and 4-day food diary were used (Blumenthal, 2010). The only PCS in this review, Tonstad (2013), used a 
validated FFQ of 130 commonly consumed food/food groups and included a write-in option. The FFQ was 
developed specifically for the study population. 
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Other methods of assessing dietary intake included weekly diet diaries (Esposito, 2004); 3-day food diaries, 24-hour 
recalls, check list of foods consumed daily, and the return of empty food packages (Rallidis, 2009); and diet history 
interviews by trained dieticians before baseline and after 6 weeks with self-reported daily checklists to record 
deviations from the menu (Adamsson, 2011). Gadgil (2013) provided all meals and snacks to subjects who were also 
asked to limit alcohol consumption to usual patterns. 
 
Qualitative Synthesis of the Collected Evidence 

Themes and Key Findings  
 
Health Outcomes: 
The eight articles in this review examined (1) type 2 diabetes incidence or (2) impaired glucose tolerance and/or 
insulin resistance. 
 
Incidence of Type 2 Diabetes 
Studies that examined incidence of type 2 diabetes as the primary outcome were included in this category (table 1). 
Subjects who met the American Diabetes Association or World Health Organization criteria for fasting blood 
glucose or oral glucose tolerance, or were taking hypoglycemic medication, were considered having incident type 2 
diabetes. Two studies examined the association between adherence to a dietary pattern and incidence of type 2 
diabetes (Salas-Salvados, 2011; Tonstad, 2013). 
 
Although the results of both studies showed a favorable association between either a Mediterranean-style or a 
vegetarian dietary pattern and incidence of type 2 diabetes, the studies differed in design and dietary pattern used to 
assess diet exposure. In the PREDIMED trial, Salas-Salvado (2011) compared adherence to a Mediterranean-style 
diet with a low-fat diet (<35 percent fat) in subjects with three or more CVD risk factors in Spain. The 
Mediterranean-style diet included the provision of olive oil or nuts to the two treatment groups, and both groups 
showed decreased incidence of type 2 diabetes compared to the control low-fat group. In a PCS, Tonstad (2013) 
compared a vegetarian diet with a non-vegetarian diet in non-diabetic subjects in the United States and Canada 
(Adventist Health Study-2). In addition to a favorable association among vegetarians compared to non-vegetarians, 
Tonstad also stratified results by race/ethnicity (Blacks and non-Blacks) and vegetarian category (vegan, lacto-ovo, 
pesco, and semi-vegetarians). For incident type 2 diabetes, Blacks had an increased risk compared to non-Blacks. In 
Whites, vegan, lacto-ovo vegetarian, and semi-vegetarian diets were protective against type 2 diabetes; whereas, in 
Blacks, only the vegan and lacto-ovo vegetarian diets showed a decreased risk of type 2 diabetes, compared to a 
non-vegetarian diet. 
 
Impaired Glucose Tolerance and/or Insulin Resistance 
This category included studies that assessed fasting blood glucose, oral glucose tolerance, fasting blood insulin, 
insulin resistance using the Homeostasis Model Assessment-Insulin Resistance (HOMA-IR) equation, or the 
quantitative insulin sensitivity check index (QUICKI) (table 4-C-IV-1). These outcomes were measured by standard 
clinical and laboratory methods. Six articles (all RCTs) looked at the effect of adherence to a dietary pattern and 
intermediate outcomes related to glucose tolerance and/or insulin resistance (Adamsson, 2011; Blumenthal, 2010; 
Esposito, 2004; Gadgil, 2013; Rallidis, 2009; Salas-Salvado, 2008). Salas-Salvado (2008) did not examine insulin 
resistance. The results from these studies on glucose tolerance and/or insulin resistance are mixed. 
 
The three RCTs examining a Mediterranean-style diet pattern reported inconsistent results on glucose tolerance 
and/or insulin resistance. The PREDIMED trial in Spain found no effect of a Mediterranean-style diet on fasting 
glucose in subjects with three or more CVD risk factors (Salas-Salvado 2008). Instruction to adhere to a 
Mediterranean-style diet resulted in improved glucose tolerance and insulin resistance, compared to a Prudent diet, 
in subjects with metabolic syndrome in Italy (Esposite 2004); however, this had no effect on insulin resistance 
among subjects with abdominal obesity in Greece (Rallidis, 2009).  
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The DASH diet and modified DASH diet were examined in two RCTs (Blumenthal, 2010; Gadgil, 2013). In the 
ENCORE trial, results showed that the DASH diet alone had no effect on fasting glucose or fasting insulin and 
HOMA-IR among overweight or obese subjects with high blood pressure (Blumenthal, 2010). In the OmniHeart 
trial, results showed that a DASH diet modified to be high in unsaturated fat (primarily monounsaturated fat), when 
compared to a carbohydrate-rich diet (similar to DASH), had a favorable effect on HOMA-IR, but no effect on 
fasting blood glucose or insulin levels in overweight or obese subjects with high blood pressure (Gadgil, 2013). The 
high carbohydrate/DASH-style diet and the high protein diet had no effect on HOMA-IR, fasting glucose or fasting 
insulin. 
 
Adamsson (2011) (RCT) found that a Nordic diet in Sweden among subjects with mild hypercholesterolemia 
resulted in a decrease in fasting insulin resistance and HOMA-IR, but no effect on fasting glucose.  
 

Qualitative Assessment of the Collected Evidence  

Quality and Quantity 
Quality assessment for the studies included in this systematic review involved determining the validity of each 
study. Validity was assessed by examining the scientific soundness of study design and execution to avoid potential 
bias in the findings related to outcomes. The majority of evidence for this body of evidence consisted of positive 
quality studies (7 out of 8 articles). This was a limited number of studies with variation in the outcomes measured.  
 
Consistency 
There were too few articles related to the clinical endpoint outcome, incident type 2 diabetes, with different study 
designs, countries, and dietary patterns to make them comparable even though the studies found a favorable 
outcome associated with either a Mediterranean-style diet (PREDIMED) or a vegetarian diet. Glucose tolerance 
and/or insulin resistance were assessed in six large RCTs that examined three different dietary patterns 
(Mediterranean-style, DASH-style, and Nordic) with mixed findings. There were differences within the 
Mediterranean-style and DASH-style patterns that made comparison difficult. 
 
Impact 
The body of evidence directly addressed the exposures and health outcomes of interest for this systematic review, 
but only two studies measured the endpoint outcome, incident type 2 diabetes. When there were associations 
between a dietary pattern and incidence of type 2 diabetes, these were clinically meaningful. However the two 
studies cannot be compared since they looked at different dietary patterns. 
 
Generalizability/External Validity  
Five out of the eight studies were conducted outside of the United States/Canada so those dietary patterns examined 
may not be representative of a U.S. diet. Also, five of the studies did not report race/ethnicity and only one study 
stratified their results based on race/ethnicity (Blacks versus non-Blacks). However, the European studies were 
likely conducted with a predominantly Caucasian population; therefore, it may be representative of a U.S. Caucasian 
population. Overall, there were too few studies on either incident type 2 diabetes or glucose tolerance and/or insulin 
resistance to draw a conclusion based on the findings.  
 
Limitations of the Evidence 
It is difficult to synthesize the results from the studies in this review because there were too few studies and they 
examined different dietary patterns or patterns that were operationalized differently. The studies included a 
predominantly Caucasian population with varied baseline health status. 
 
Research Recommendations 

Overall, there is a need for additional research RCTs and observational studies conducted in the United States on 
risk of type 2 diabetes that address the key dietary patterns in a standardized way. In addition, more analysis of key 
subpopulation groups would further inform policy in this area. 
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Abbreviations 

Dietary Approaches to Stop Hypertension (DASH), Exercise & Nutrition interventions for Cardiovascular Health 
(ENCORE), Nordic Diet (NORDIET), Optimal Macronutrient Intake trial to Prevent Heart Disease (OmniHeart), 
Prevention with Mediterranean Diet (PREDIMED). 
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Table 4-C-IV-1Summary of Findings 
Impaired glucose tolerance, insulin resistance, and incident type 2 diabetes 

Study/Design/Diet Pattern Glucose Tolerance Insulin Resistance Incident Type 2 Diabetes 

Salas-Salvado 2011/ 
RCT/PREDIMED  

  ↓ T2D 
(Med + VOO) 
(Med + Nuts) 
(Both) 

Tonstad 2013/ 
PCS/Vegetarian Diet  

   (↓) Vegetarian vs. Non-vegetarians                                   
(↓) Vegan, Lacto-ovo, Semi                                                             
(∅)  Pesco                                                            
(↑) Blacks vs. non-Blacks 

Salas-Salvado 2008/ 
RCT/PREDIMED  

(∅)  Fasting glucose   

Esposito, 2004/RCT/    
Mediterranean Diet  

(↓) Fasting glucose (↓) Fasting insulin  

Rallidis 2009/RCT/ Greek 
MED Diet  

(∅) Fasting glucose (∅) Fasting insulin, HOMA-IR  

Blumenthal 2010/RCT/ 
ENCORE (DASH)  

 (∅) OGTT 
DASH-A vs. UC                  

 (∅) Fasting insulin                              
DASH-A vs. UC 

 

Gadgil 2013/ RCT/ 
OmniHeart/(modified DASH) 

(∅) Fasting glucose (↓)  Unsaturated fat diet                                  
(∅)  Carbohydrate diet (similar to 
DASH) 
( ∅)  Protein diet                                                       
Fasting insulin, HOMA-IR 

 

Adamsson 2011/ 
RCT/NORDIET  

(∅) Fasting glucose (↓) Fasting insulin, HOMA-IR  
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 Table 4-C-IV-2 Overview Table: Type 2 Diabetes 

Citation 
Quality Rating 

Location 

Study Design 
Duration 

Study/Cohort 

Sample Size 
Age 

Gender 
Race/Ethnicity  

Dietary Pattern Health Outcomes 

Incidence of Type 2 Diabetes 

Mediterranean-Style Pattern 

1. Salas-Salvado 
et al., 2011 
 
Positive  
 
Spain 

Randomized 
Controlled Trial 
 
4 y median  
(inter-quartile 
range 3-5 y) 
 
PREDIMED Study 
(Mediterranean 
Diet) 
 

Initial N = 418 
Final N = NR/<418 
(attrition rates 
described as "low" and 
attributed to major 
disease events or 
death) 
 
67.3 y 
 
58% female 
 
Not reported 

Mediterranean Diet Pattern Med Diet : 
(a) a high consumption of grains, 
legumes, nuts, vegetables, and fruits; 
(b) a relatively high-fat consumption (up 
to 40% of total energy intake), mostly 
from MUFA (20% or more of the total 
energy intake; (c) olive oil for culinary 
use and dressing of vegetables as the 
principal source of fat; (d) moderate to 
high fish consumption; (e) poultry and 
dairy products (usually as yogurt or 
cheese) consumed in moderate to 
small amounts; (f) low consumption of 
red meats, processed meats, and meat 
products; (g) moderate alcohol intake, 
usually in the form of red wine 
consumed with meals. 

Low fat diet not described--goal total fat 
<35%. 

Med Diet Goals: Improved adherence 
to MedDiet (>10 points in the 14-point 
score), High (>2) MUFA-to-SFA ratio, 
high olive oil consumption (>20 g/1,000 
kcal/day), high nut consumption 
(>10g/1,000 kcal/day), high dietary fiber 
intake (>14 g/1,000 kcal/day), 
substantial weight loss (> 5% of initial 
body weight), and high physical activity 
(> 395 kcal/day, the top tertile). 

T2D Incidence: 
Cases of incident T2D: 
MedDiet+VOO: 10.1% (95% CI = 5.5 - 15.1) 
P=0.05  
MedDiet+Nuts: 11.0% (95% CI = 5.9 - 16.1) 
P=0.05  
Control: 17.9% (95% CI: = 11.4 - 24.4) 

Comparing MedDiet+virgin olive oil (VOO) and 
MedDiet+nuts to low-fat diet (control group):                                       

MedDiet+VOO: HR=0.49 (95% CI = 0.25 - 0.97) 
MedDiet+Nuts: HR=0.48 (95% CI = 0.24 -0.96) 
Both MedDiets: HR=0.48 (95% CI = 0.27 - 0.86) 

Vegetarian Pattern 
2.  Tonstad, et al, 

2013 
 
Neutral 
 
U.S., Canada 

Prospective Cohort 
Study 
 
2 y 
 
Adventist Health 
Study-2 
(Vegetarian) 

Initial N = 97,586 
Final N = 41,387 
 
58.5 y 
 
~63% female 
 
 
17.3% Black (African 
American, West 
Indian/ Caribbean, 
African or other Black) 
No % given:Non-Black 
(White non-Hispanic, 
Hispanic, Middle 
Eastern, Asian, Native  
Hawaiian/other Pacific 
Islander or American 
Indian 

Vegetarian Diet Pattern 
Vegetarian status: 
1. Vegans―no animal products (red meat, 
poultry, fish, eggs, milk and dairy products 
<1 time/mo)  
2. Lacto-ovo vegetarians―dairy products 
and/or eggs  >1 time/mo, but no fish or 
meat (red meat, poultry and fish  
<1 time/mo) 
3. Pesco vegetarians―fish >1 time/mo 
and dairy products and/or eggs but no red 
meat or poultry (red meat and poultry  
<1 time/mo) 
4. Semi-vegetarians―dairy products 
and/or eggs and (red meat and poultry  
>1 time/mo and <1 time/wk) 
5. Non-vegetarians―animal products (red 
meat, poultry, fish, eggs, milk and dairy 
products >1 time/wk).  
 
Alcohol was defined as consumption of 
any amount or none during the past 12 mos. 

T2D Incidence: 
Cases of incident T2D, comparing 
vegetarians to non-vegetarians: 
Vegan: 0.54% (P<0.0001) 
Lacto-ovo: 1.08% (P<0.0001) 
Pesco-vegetarian 1.29% (P<0.0001) 
Semi-vegetarian: 0.92% (P<0.0001) 
 
Comparing vegetarians to non-vegetarians: 
Vegan: OR =  0.381( 95% CI = 0.236 - 
0.617)  
Lacto-ovo: OR = 0.618 (95% CI = 0.503 - 
0.760)  
Pesco-vegetarian: OR = 0.790 (95% CI = 
0.575 - 1.086) NS 
Semi-vegetarian: OR = 0.486 (95% CI = 
0.312 - 0.755)  
 
Comparing Blacks to non-Blacks: 
Black ethnicity: OR = 1.364 (95% CI = 1.093 
- 1.702) 
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Table 4-C-IV-2 Overview Table: Type 2 Diabetes―continued 

 
Citation 
Quality 
Rating 

Location 

Study Design 
Duration 

Study/Cohort 

Sample Size 
Age 

Gender 
Race/Ethnicity 

Dietary Pattern Health Outcomes 

     Comparing vegetarians to non-vegetarians 
in Blacks: 
Vegan: OR = 0.304 (95% CI = 0.110 - 0.842) 
Lacto-ovo: OR = 0.472 (95% CI = 0.270 - 
0.825) 
Pesco: OR = 0.618 (95% CI = 0.352 - 1.086) 
NS 
Semi-vegetarian: OR = 0.469 (95% CI = 
0.153 - 1.438) NS 

Impaired Glucose Tolerance and Insulin Resistance 

Mediterranean-Style Pattern 

1. Esposito, et 
al, 2004 
 
Positive  
 
Italy 

Randomized 
Controlled Trial 
 
2 y 
 
Mediterranean Diet 

Initial N = 180  
Final N = 164 
Attrition = 9% 
 
Analyses included all 
180 subjects 
 
43.9 y 
 
45%  female 
 
Not reported 
 
 
 

Mediterranean Diet Pattern Intervention 
(Mediterranean diet): Dietary advice 
based on 3-day food records provided 
monthly with the nutritionist for 1st y and 
bimonthly for 2nd y.  
 
Diet: 50–60% CHO, 15-20% protein, 
<30% total fat, <10% sat fat, <300 mg 
cholesterol; at least 250 to 300 g of fruits 
(1 - 1.3 cups), 125 to 150 g of vegetables 
(0.5 - 0.65 cups), 25 to 50 g of walnuts 
(1.75 - 3.5 Tbsp), and 400 g of whole 
grains (14 oz; including legumes) daily 
and increase olive oil consumption 

Control (Prudent diet): Provided oral and 
written information about healthy food 
choices at baseline and at bimonthly 
sessions but not offered individualized 
advice; Diet: 50-60% CHO, 15-20% 
protein, and <30% total fat 
 
* The volumes listed above are 
approximations and depend on the actual 
food consumed. 

Glucose Tolerance: 
Comparing Mediterranean-style diet to 
Prudent diet (change over 2 y):                                      
Plasma glucose: -6 mg/dL (95% CI = -11 to -2)  
P<0.001 
 
Insulin Resistance: 
Comparing Mediterranean-style diet to 
Prudent diet (change over 2 y):                                       
Serum insulin: -3.5 U/mL (95% = -6.1 to -1.7)  
P = 0.01                                                                     
HOMA-IR: -1.1 (95% CI = -1.9 to -0.3)  
P<0.001 

2. Ralllidis, et al, 
2009 
 
Positive  
 
Greece 

Randomized 
Controlled Trial 
 
2 months 
 
Greek 
Mediterranean Diet 

Initial N = 90 
Final N = 82  
Attrition = 9% 
 
50.4 y 
 
~48% female 
 
Not reported 

Mediterranean Diet Pattern 
Intervention group (Greek Mediterranean 
diet):  Daily consumption of whole-wheat 
grains, 2–3 portions of low-fat dairy, 2 
salads (one with 1 tomato) and 3 fruits 
together with a concentrated fruit juice 
made without preservatives, 5 mL  olive 
oil–based margarine, extra virgin olive oil 
as main source of fat, 45 mL  extra virgin 
olive oil with 1 of the 2 salads, 6 whole 
raw almonds, 150 mL (1 glass) red wine 
with main meal, 1 portion of fish and at 
the most 1 portion of red meat weekly 
 
 
 
 

Glucose Tolerance:                               
Comparing a Greek Mediterranean-style diet 
to control diet:                                                       
Glucose, mmol/L: P=0.95, NS 
 
Insulin Resistance: 
Comparing a Greek Mediterranean-style diet  
to control diet:                                                       
Insulin, U/mL: P=0.35, NS                          
HOMA-IR score: P=0.07, NS 
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Table 4-C-IV-2 Overview Table: Type 2 Diabetes―continued 

 
Citation 
Quality 
Rating 

Location 

Study Design 
Duration 

Study/Cohort 

Sample Size 
Age 

Gender 
Race/Ethnicity 

Dietary Pattern Health Outcomes 

3. Salas-
Salvado, et al, 
2008 
 
Positive  
 
Spain 

Randomized 
Controlled Trial 
 
1 y 
 
PREDIMED Study 
(Mediterranean 
Diet) 

Initial N = 1,264 
Final N = 1,224 
Attrition = 3% 
 
67.4 y 
 
55% female 
 
Not reported 

Mediterranean Diet Pattern MedDiet: high 
intake of cereals, vegetables, fruits, and 
olive oil; a moderate intake of fish and 
alcohol, mostly wine; and a low intake of 
dairy products, meats, and sweets 

MedDiet + VOO (1 L/wk)    
MedDiet + nuts (30 g/d)     
Control (advice about low-fat diet) 

Comparing MedDiet+Virgin Olive Oil (VOO) 
and MedDiet+Nuts to low-fat diet (control 
group): 
 
Elevated fasting glucose, reduction at 1 y: 
MedDiet+VOO: NS  
MedDiet+nuts: NS                       

DASH/modified DASH Pattern 

4. Blumenthal, 
Babyak, 
Sherwood, et 
al., 2010   
 
Positive 
 
U.S. 

Randomized 
Controlled Trial 
 
4 mos 
 
ENCORE (Exercise 
& Nutrition 
interventions for 
Cardiovascular 
Health)- DASH  

Initial N = 144  
Final N = 138 
4% attrition  
 
Mean:  
52±10 y 
 
67% female 
 
60% White 
39% Black 
1% Asian 

Dietary Approaches to Stop Hypertension 
(DASH) Pattern 
Control diet (UC): Participants maintained 
their usual diet and exercise habits; 34% 
E from fat, 15% from protein; K, Mg, Ca 
and fiber levels ~ 25th percentile of U.S. 
consumption. 
 
DASH diet: Rich in fruits and vegetables 
(8-10 svgs/d), and low-fat dairy foods; 
reduced amounts of saturated fat, total 
fat, and cholesterol; K, Mg, Ca content at 
~ 75th percentile of US consumption, high 
amounts of fiber and protein; 27% E from 
fat, and 18% E from protein. Sodium 
content: 2400 mg/2000 kcal. 
 
DASH diet alone (DASH-A): Subjects 
received instruction to meet DASH 
guidelines, told not to exercise or attempt 
to lose weight; met weekly in a small 
group for coaching on diet.  

Glucose Tolerance: 
Comparing DASH-A to UC:             
Fasting glucose P=0.21, NS                          
Glucose AUC: P=0.98, NS 
 
Insulin Resistance: 
Comparing DASH-A to UC:               
Fasting insulin: P=0.71, NS  
Insulin sensitivity (ISI): P=0.98, NS              
QUICKI: P=0.85, NS 

5. Gadgil et al, 
2013 
 
Positive 
 
U.S. 

Randomized 
Controlled Trial  
 
6 wks 
 
OmniHeart 
(Optimal 
Macronutrient 
Intake Trial for 
Heart Health) – 
modified DASH 
 
 

Initial N = 164 
Final N = 164 
 
Mean: 
53.6 y 
 
45% female 
 
55% African-American,  
40% Non-Hispanic 
White,  
5% Other 

Healthful Pattern  
3 healthful diets that model the principles 
of the Dietary Approaches to Stop 
Hypertension (DASH) dietary pattern. 
Each study diet differed in the amount of 
carbohydrates, protein, and unsaturated 
fat while keeping the calorie levels the 
same. Each diet was reduced in saturated 
fat, cholesterol, and sodium, and rich in 
fruits, vegetables, fiber, potassium, and 
other minerals at recommended levels.                                                                  

Glucose Tolerance: 
Comparing changes in Fasting Glucose 
(mg/dL): 
Carb: 0.84 (95% CI, -1.29 to 2.97), NS 
Unsat:  0.11 (95% CI, -2.25 to 2.47), NS 
Protein: 0.28 (95% CI, -1.37 to 1.93), NS 
Unsat vs. Carb: -0.77 (95% CI, -2.18 to 
0.73), NS 
Prot vs. Carb: -0.56 (95% CI, -2.23 to 1.20), NS 
Unsat vs. Prot: -0.16 (95% CI, -2.11 to 1.77), 
NS 
 
Insulin Resistance: 
Comparing changes in Insulin Sensitivity: 
QUICKI:  
Carb: 0.002 (95% CI, -0.003 to 0.007), NS 
Unsat:  0.007 (95% CI, 0.002 to 0.012), 
P<0.5 
Protein: 0.004 (95% CI, -0.002 to 0.009), NS 
Unsat vs. Carb: 0.005 (95% CI, 0.000 to 
0.009), P=0.04 
Prot vs. Carb: 0.001 (95% CI, -0.004 to 
0.007), NS 
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Table 4-C-IV-2 Overview Table: Type 2 Diabetes―continued 

 
Citation 
Quality 
Rating 

Location 

Study Design 
Duration 

Study/Cohort 

Sample Size 
Age 

Gender 
Race/Ethnicity 

Dietary Pattern Health Outcomes 

     Unsat vs. Prot: 0.003 (95% CI, -0.002 to 
0.009), NS 
 
HOMA-IR:  
Carb: 0.03 (95% CI, -0.07 to 0.12), NS 
Unsat:  0.14 (95% CI, 0.02 to 0.26), P<0.5 
Protein: 0.06 (95% CI, -0.04 to 0.17), NS 
Unsat vs. Carb: 0.11 (95% CI, 0.03 to 0.20), 
P<0.05 
Prot vs. Carb: 0.04 (95% CI, -0.07 to 0.14), 
NS 
Unsat vs. Prot: 0.08 (95% CI, -0.05 to 0.20), 
NS 
 
Comparing changes in Fasting Insulin 
(µIU/mL):  
Carb: -0.41 (95% CI, -1.72 to 0.91), NS 
Unsat:  -0.77 (95% CI, -1.75 to 0.21), NS 
Protein: -0.06 (95% CI, -1.64 to 0.40), NS 
Unsat vs. Carb: -0.36 (95% CI, -1.64 to 
0.92), NS 
Prot vs. Carb: -0.22 (95% CI, -1.56 to 1.12), 
NS 
Unsat vs. Prot: 0.14 (95% CI, 1.0 to 0.67), 
NS 

Nordic Pattern 
6. Adamsson et 

al., 2011 
 
Positive 
 
Sweden 

Randomized 
Controlled Trial 
 
6 wks 
 
NORDIET (Nordic 
Diet) 

Initial N = 88  
Final N = 86 
2% attrition 
 
Mean: 
~53 y 
 
~63% female 
 
Not reported 

Nordic Diet Pattern 
Dietary goals: Consume Nordic Diet (ND) 
based on Nordic nutrition recommendations. 
ND rich in high-fiber plant foods from 
fruits, berries, vegetables, whole grains 
(oats and barley), rapeseed oil, nuts, fatty 
fish, and low-fat dairy products, but low in 
salt, added sugars, and saturated fats. 
Contains some poultry, red meat, fish, 
and low-fat milk. Macronutrient distribution: 
27%, 52%, 19%, and 2% of energy from 
fat, carbohydrate, protein, and alcohol, 
respectively. 

Glucose Tolerance: 
Comparing the Nordic diet to the control diet: 
Change in plasma glucose:  
Control = 0.05±0.34 mmol/L;  
Nordic diet = 0.00±0.41mmol/L (P=0.52), NS 
 
Insulin Resistance: 
Comparing the Nordic diet to the control diet: 
Change in plasma insulin:  
Control = 0.90±2.88 mU/L;  
Nordic diet = 0.51±2.25 mU/L (P=0.01) 
Change in HOMA-IR:  
Control = 0.22±0.64;  
Nordic diet = 0.11±0.51 (P=0.01)  
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Appendix A: Methods Used to Assess Dietary Patterns 
 
Dietary patterns can be assessed in a number of ways, including numerical indices designed to gauge adherence to a 
particular pattern (e.g., Healthy Eating Index [HEI]) or data-driven approaches that use mathematics to empirically 
derive food intake patterns inherent among the study population (e.g., factor or cluster analysis). Each methodology 
provides information about dietary patterns from a different perspective. A summary of the methods used to assess 
dietary patterns using index analysis, factor or cluster analysis, and reduced rank regression is provided below. 
 
Index Analysis 

Hypothesis-oriented dietary patterns are assessed by use of a priori scores that measure the degree of adherence to 
specific dietary guidelines/recommendations or adherence to a healthy diet defined by scientific evidence on diet 
and disease.  A priori scores are composite numeric scores of foods, food components, and/or nutrients that are 
assessed as dichotomous variables (with predefined cut-points), ordinal variables such as quintiles, or as continuous 
variables. The individual components are summed to derive a total score so that all subjects can be ranked from 
maximum to minimum score (Schulze, 2006; Reedy, 2010). 
 
Mediterranean Dietary Pattern 
Examples of Mediterranean diet scores that were used in the studies included in this systematic review project are 
described below.   
 

• The Mediterranean Diet Score (MDS) of Trichopolou et al. (2003) has nine components that include food 
and nutrients that are scored dichotomously (0, 1) with positive (+), positive in moderation (+m), or 
negative (-) scoring. There are six (+) components: vegetables, fruit & nuts, legumes, cereals, fish, and the 
MUFA/SFA ratio; one (+m) component, alcohol; and two (-) components: meat and dairy. For (+) 
components, persons whose consumption is below the median are assigned 0 points and those at or above 
the median are assigned 1 point.  For (-) components, persons whose consumption is below the median are 
assigned 1 point and those at or above the median are assigned 0 points. For alcohol, a value of 1 is 
assigned to men who consume between 10-50 g/d and to women who consume 5-25 g/d, and 0 points for 
above and below the sex-specific ranges. For fat intake, a ratio of monounsaturated fats to saturated fats is 
used. The total MDS ranges from 0 (minimal adherence) to 9 (maximal adherence).  
 

• The relative Med Diet Score (rMED) described by Buckland et al. (2009) is a variation on the original 
nine component MDS. Each rMED component (except alcohol) is measured as g/1,000 kcal/day and is 
divided into tertiles of dietary intake with values of 0, 1, 2 assigned to 1st, 2nd, and 3rd tertiles of intake, 
respectively. There are six (+) components: fruit (including nuts and seeds, but excluding fruit juices), 
vegetables (excluding potatoes), legumes, cereals (including whole-grain and refined flour, pasta, rice, 
other grains, and bread), fresh fish (including seafood), and olive oil. There are two (-) components: total 
meat (including processed meat) and dairy products (including low-fat and high-fat milk, yogurt, cheese, 
cream desserts, and dairy and non-dairy creams) positively scoring lower intakes. Alcohol, considered 
beneficial in moderation, is scored as a dichotomous variable: 2 points are assigned for moderate 
consumption, 5-25 g/d for women and 10-50 g/d for men, and 0 points for above and below the sex-specific 
ranges. The total rMED score ranges from 0 (minimal adherence) to 18 (maximal adherence).  
 

• The Mediterranean Style Diet Pattern Score (MSDPS) of Rumawas et al. (2009) is constructed on the 
basis of the Mediterranean diet pyramid. The score has 13 components that correspond to the 13 food 
groups of the pyramid: whole-grain cereals, fruits, vegetables, dairy, wine, fish, poultry, olives-legumes-
nuts, potatoes, eggs, sweets, meats, and olive oil. For each food group, the pyramid recommends the 
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number of daily or weekly servings. Each group is scored from 0-10 depending on the degree of 
correspondence with recommendations (e.g., consuming 60 percent of the recommended servings results in 
score of 6). There are also negative points related to overconsumption; in this case subtracting a point 
proportionally to the number of servings that exceed the recommended intake (e.g., exceeding the 
recommendation by 60 percent results in a score of 4). Olive oil scoring is categorical, based on exclusive 
use of olive oil (10 points), olive w/other vegetable oils (5 points), or no olive oil (0 points). The total 
MSDPS ranges from 0 (minimal adherence) to 130 (maximal adherence).  

 
Dietary Guidelines-Related Patterns  
Examples of dietary guidelines-related indices that were used in the studies included in this systematic review 
project are described below.   
 

• The Healthy Eating Index (HEI) of Kennedy et al. (1995) has 10 components with 1-10 points each. 
Components 1-5 measure the degree to which a person’s diet conforms to the serving recommendations of 
the 1990 USDA Food Guide Pyramid for 5 major food groups: grains, vegetables, fruits, milk, and meat. 
Component 6 is based on overall fat consumption as a percent of total energy (E) (<30%E to >45%E); 
component 7 is based on saturated fat (SFA) intake (<10%E to >15%E); and component 8 is based on 
cholesterol intake (<300 mg to >450 mg). Component 9 is based on sodium intake (<2400 mg to >4800 
mg) and component 10 is based on the amount of variety in a person’s diet. The points for each component 
are determined by the number of servings for a given energy intake level. A person who consumes the 
recommended number of servings from any food group receives 10 points for that group (e.g., if 4 
servings/d of vegetables is recommended, consumption of 4 servings receives 10 points) and a person who 
consumes no servings receives a 0. The points are calculated proportionately from 0 to 10. Components 6-9 
are scored inversely such that the low end of recommended intake receives 10 points. Component 10 refers 
to diet variety, with >16 different foods per 3 days given 10 points, and <6 different foods per 3 days given 
0 points. The total HEI ranges from 0 (minimal adherence) to 100 (maximal adherence).  
 

• The Alternate Healthy Eating Index (AHEI) of McCullough et al. (2002) incorporates several aspects of 
the original HEI and some components correspond to existing dietary guidelines. There are six (+) 
components: vegetables, fruit, nuts and soy, cereal fiber, PUFA/SFA, and white/red meat; one (+m) 
component: alcohol; and one (-) component: trans fats. These components of the AHEI each contributed 0-
10 points to the total score, with inverse scoring for trans fats. Intermediate intakes are scored 
proportionately between 0 and 10. The multivitamin component is dichotomous, contributing either 2.5 
points (use <5y) or 7.5 points (use ≥5y). All component scores are summed to obtain a total AHEI score 
ranging from 2.5 (minimum) to 87.5 (maximum).  

 
• The Diet Quality Index 2005 of Zamora et al. (2010) is an update of the revised DQI (DQI-R) to reflect 

the Dietary Guidelines for Americans, 2005 (2005 DGAs; U.S. Department of Health and Human Services 
and U.S. Department of Agriculture, 2005). Each of the 10 DQI-2005 components, 0-10 points each, are 
scored based on the percentage of dietary recommendations met, specific cutoffs for nutrient intake, or 
distribution of values in a given sample. There are four (+) components: vegetables, fruit, whole grains, and 
low-fat milk; two (+m) components: sodium and alcohol; and four (-) components: total fat, SFA, 
cholesterol, and sugar. The specific serving recommendations for different levels of energy intake are from 
the 2005 DGAs. Points are neither added nor subtracted for servings in excess of recommended intakes. 
The last component relates to the broader health message to consume a variety of foods. The diversity 
component reflects consumption of foods from 17 food group categories. The total DQI-2005 ranges from 
0 (minimal adherence) to 100 (maximal adherence).  
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• The Programme National Nutrition Santé Guideline Score (PNNS-GS) is a score based on adherence to 
nutrition guidelines for the general population in France as described by Estaquio et al. (2009). The score is 
based on French national guidelines and includes 13 components that refer to French food serving 
recommendations or consumption limitation. PNNS-GS can be negative owing to negative points and 
penalties for high energy intakes. There are 12 nutritional components: fruit and vegetables 0-2 points, 
starchy foods 0-1 point, whole grains 0-1 point, dairy products 0-1 point, meat 0-1 point, seafood 0-1 point, 
added fat 0-1 point, vegetable fat 0-1 point, sweets -0.5 to 1 points, water and soda 0-1 point, alcohol 0-1 
point, and salt -0.5 to 1.5 points. The last component is adherence to physical activity recommendations, 
scored from 0-1.5 points. There are penalties for energy intake >5 percent of energy need. The total PNNS-
GS ranges from 0 (minimal adherence) to 15 (maximal adherence).  
 

• DASH Food Group Score of Levitan et al. (2009) was designed to reflect adherence to a DASH eating 
pattern as described in the 2005 DGAs. There are a total of 10 components: fruits, vegetables, 
nuts/seeds/legumes, low-fat dairy, total grains, whole grains, sweets and added sugars, lean 
meats/poultry/fish, discretionary fats and oils, and alcoholic beverages. Each component receives 1 point 
for meeting guidelines. For total grains, dairy, lean meats, and nuts/seeds/legumes, 1 point is given for 
consumption at guideline level, with partial points for consuming more or less depending on the percentage 
of deviation. For vegetables, fruits, and whole grains, 1 point is given for consumption at guideline level, 
with partial points for less consumption but not for overconsumption. The total DASH Food Group Score 
ranges from 0 (minimal adherence) to 7 (maximal adherence). 

 
Factor or Cluster Analysis1 

Factor and cluster analyses are data-driven approaches that use mathematics to empirically derive food intake 
patterns. Dietary data is often assessed using food frequency questionnaires (FFQs), 24-hour recalls, or diet records. 
When factor or cluster analysis is used, a larger set of dietary variables is aggregated and reduced to form a smaller 
set of variables. Each dietary pattern is designated by a descriptive name based on predominant food groupings 
(largest or smallest amount relative to the other patterns). Briefly, the methods used by the articles reviewed in this 
portfolio are: 
 
Factor Analysis  
Factor analysis is a method that reduces the number of dietary variables by finding factors that are composed of 
correlated dietary variables (Kant, 2004; Newby, 2004).   
 

Principal components analysis (PCA) is a form of exploratory factor analysis. PCA does not assume an 
underlying model of the factors and uses matrix algebra to identify the principal components in the data based 
on a correlation or covariance matrix of the input variables. The patterns are derived based on the relationships 
between the input variables (i.e., the foods or food groups).  
 
The resulting components, or factors, are linear combinations of the observed variables that explain the variance 
in the data. The factors can be rotated to improve interpretability; orthogonal rotation is commonly used.  
Output from the principal components analysis includes factor loadings (or scoring coefficients) for each 
variable, which can be interpreted as correlation coefficients.  For example, food is separated into groups based 
on the correlation between food items or food groups, and a person receives a factor score for each of the 

                                                           
1 The methodology outlined here is based upon standard statistical principles and procedures. Examples of the method may be 
found in Moeller et al. (2007) (K-means method, Ward’s method); Kant (2004) (factor analysis); Newby et al. (2004) (factor 
analysis); Martinez et al. (1997) (subjective elements in factor and cluster analysis); Hu et al. (1999) (limitations of dietary 
pattern analysis, limitations of generalizability of results); and Reedy et al. (2009) (limitations of generalizability of results). 
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derived factors. A person’s dietary pattern would be best represented by assessing his or her factor scores for 
each of the derived factors. Factors are not mutually exclusive: individuals receive factor scores for each 
derived factor. Factors are continuous variables that often are categorized into quartiles.  
 
Confirmatory factor analysis (CFA) involves specifying both the number of factors and the types of variables 
that will load in each factor, allowing the researcher to use prior knowledge about the subject matter. The 
researcher then builds the factor model and “confirms” the factor structure and loadings for each variable.   

 
Cluster Analysis 
Cluster analysis derives patterns by aggregating individuals based on differences in their food intakes. In this 
method, individuals are placed into distinct non-overlapping groups on the basis of some common dietary intake 
(Kant, 2004; Newby, 2004). Several types of clustering methods are available. Clustering methods used in 
nutritional epidemiology separate individuals into mutually exclusive, non-overlapping groups. Individuals belong 
to one cluster only, and clusters can then be used as categorical (nominal) variables in research. Many of the 
procedures are sensitive to outliers, and researchers often standardize their data before entering variables into the 
analysis. 
 

K-means method is an optimization technique. It requires the researcher to prespecify the number of clusters in 
the analysis (Moeller, 2007).  
 

Ward’s method is a hierarchical agglomerative clustering technique. It does not require that the number of 
clusters in the analysis be prespecified (Moeller, 2007). 
 

Reduced Rank Regression 

Reduced rank regression (RRR) is a statistical method that is used to determine dietary patterns (combinations of food 
intake) that explain as much variation as possible among a set of response variables. It is an a posteriori method since 
it combines both existing evidence and exploratory statistics. The method uses prior knowledge gained from existing 
science about nutrient-disease relations to identify response variables. These response variables can either be nutrients 
or biomarkers that have been shown to be associated with the development of the health outcome being investigated. 
Dietary patterns that explain variation in the response variables are identified. Typically, subsequent analyses are done 
using only those patterns that explain the most variation in the response variables. Then, for each pattern, a dietary 
pattern score is calculated for each study subject. Analyses are done using these scores to determine whether any of the 
dietary patterns are associated with the health outcomes of interest. 
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Appendix B: Analytical Framework 
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Appendix C: Research Design and Implementation Checklist for 
Primary Research Articles 
 
Each study included in a NEL systematic review receives a quality rating of positive, neutral, or negative, based 
upon a predefined scoring system. The appraisal of study quality is a critical component of the systematic review 
methodology because in a highly transparent manner, it indicates the relevance (external validity/generalizability) 
and validity of each study’s results.  
 
The Research Design and Implementation Checklist: Primary Research includes 10 validity questions based on the 
AHRQ domains for research studies. Sub-questions are listed under each validity question that identify important 
aspects of sound study design and execution relevant to each domain. Some sub-questions also identify how the 
domain applies in specific research designs.  
 

Validity Questions 
1. Was the research question clearly stated? 

1.1 Was the specific intervention(s) or procedure (independent variable(s)) identified? 
1.2 Was the outcome(s) (dependent variable(s)) clearly indicated? 
1.3 Were the target population and setting specified? 

2. Was the selection of study subjects/patients free from bias? 
2.1 Were inclusion/exclusion criteria specified (e.g., risk, point in disease progression, diagnostic or prognosis criteria), and 
with sufficient detail and without omitting criteria critical to the study? 
2.2 Were criteria applied equally to all study groups? 
2.3 Were health, demographics, and other characteristics of subjects described? 
2.4 Were the subjects/patients a representative sample of the relevant population? 

3. Were study groups comparable? 
3.1 Was the method of assigning subjects/patients to groups described and unbiased? (Method of randomization identified if 
RCT.) 
3.2 Were distribution of disease status, prognostic factors, and other factors (e.g., demographics) similar across study groups 
at baseline? 
3.3 Were concurrent controls used? (Concurrent preferred over historical controls.) 
3.4 If cohort study or cross-sectional study, were groups comparable on important confounding factors and/or were 
preexisting differences accounted for by using appropriate adjustments in statistical analysis? 
3.5 If case control or cross-sectional study, were potential confounding factors comparable for cases and controls? (If case 
series or trial with subjects serving as own control, this criterion is not applicable. Criterion may not be applicable in some 
cross-sectional studies.) 
3.6 If diagnostic test, was there an independent blind comparison with an appropriate reference standard (e.g., “gold 
standard”)? 

4. Was method of handling withdrawals described? 
4.1 Were follow-up methods described and the same for all groups? 
4.2 Was the number, characteristics of withdrawals (i.e., dropouts, lost to follow up, attrition rate), and/or response rate (cross-
sectional studies) described for each group? (Follow-up goal for a strong study is 80 percent.) 
4.3 Were all enrolled subjects/patients (in the original sample) accounted for? 
4.4 Were reasons for withdrawals similar across groups? 
4.5 If diagnostic test, was decision to perform reference test not dependent on results of test under study? 

5. Was blinding used to prevent introduction of bias? 
5.1 In intervention study, were subjects, clinicians/practitioners, and investigators blinded to treatment group, as appropriate? 
5.2 Were data collectors blinded for outcomes assessment? (If outcome is measured using an objective test, such as a lab 
value, this criterion is assumed to be met.) 
5.3 In cohort study or cross-sectional study, were measurements of outcomes and risk factors blinded? 
5.4 In case control study, was case definition explicit and case ascertainment not influenced by exposure status? 
5.5 In diagnostic study, were test results blinded to patient history and other test results? 
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6. Were intervention/therapeutic regimens/exposure factor or procedure and any comparison(s) described in detail? 
Were intervening factors described? 
6.1 In RCT or other intervention trial, were protocols described for all regimens studied? 
6.2 In observational study, were interventions, study settings, and clinicians/provider described? 
6.3 Was the intensity and duration of the intervention or exposure factor sufficient to produce a meaningful effect? 
6.4 Was the amount of exposure and, if relevant, subject/patient compliance measured? 
6.5 Were co-interventions (e.g., ancillary treatments, other therapies) described? 
6.6 Were extra or unplanned treatments described? 
6.7 Was the information for 6.4, 6.5, and 6.6 assessed the same way for all groups? 
6.8 In diagnostic study, were details of test administration and replication sufficient? 

7. Were outcomes clearly defined and the measurements valid and reliable? 
7.1 Were primary and secondary endpoints described and relevant to the question? 
7.2 Were nutrition measures appropriate to question and outcomes of concern? 
7.3 Was the period of follow-up long enough for important outcome(s) to occur? 
7.4 Were the observations and measurements based on standard, valid, and reliable data collection 
instruments/tests/procedures? 
7.5 Was the measurement of effect at an appropriate level of precision? 
7.6 Were other factors accounted for (measured) that could affect outcomes? 
7.7 Were the measurements conducted consistently across groups? 

8. Was the statistical analysis appropriate for the study design and type of outcome indicators? 
8.1 Were statistical analyses adequately described and the results reported appropriately? 
8.2 Were correct statistical tests used and assumptions of test not violated? 
8.3 Were statistics reported with levels of significance and/or confidence intervals? 
8.4 Was “intent to treat” analysis of outcomes done (and as appropriate, was there an analysis of outcomes for those 
maximally exposed or a dose-response analysis)? 
8.5 Were adequate adjustments made for effects of confounding factors that might have affected the outcomes (e.g., 
multivariate analyses)? 
8.6 Was clinical significance as well as statistical significance reported? 
8.7 If negative findings, was a power calculation reported to address type 2 error? 

9. Are conclusions supported by results with biases and limitations taken into consideration? 
9.1 Is there a discussion of findings? 
9.2 Are biases and study limitations identified and discussed? 

10. Is bias due to study’s funding or sponsorship unlikely? 
10.1 Were sources of funding and investigators’ affiliations described? 
10.2 Was the study free from apparent conflict of interest? 

MINUS/NEGATIVE  
If most (six or more) of the answers to the above validity questions are “No,” the report should be designated with a minus (-) 
symbol on the Evidence Research Design and Implementation Worksheet. 
NEUTRAL 
If the answers to validity criteria questions 2, 3, 6, and 7 do not indicate that the study is exceptionally strong, the report should be 
designated with a neutral (ø) symbol on the Evidence Research Design Worksheet. 
PLUS/POSITIVE 
If most of the answers to the above validity questions are “Yes” (including criteria 2, 3, 6, 7 and at least one additional “Yes”), the 
report should be designated with a plus symbol (+) on the Evidence Research Design Worksheet. 
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Appendix D: Key Trends Questionnaire 
 

 
Dietary Patterns Systematic Review Project: Key Trends 

 
After reviewing the attached evidence portfolio, please provide concise answers to the following questions that will 
aid in the development of a draft evidence synthesis, key findings, and conclusion statement for this systematic 
review question: 
 
Systematic Review Question: [Inserted] 
 
Major Trends and Key Observations from this Body of Evidence 
1 What are the key associations between one or more dietary patterns and [insert health outcome of interest]? 

 
2 a. What are the patterns of agreement related to the association between a dietary pattern and clinical endpoint 

outcomes among the articles? Are results related to certain endpoints more consistent than others?  
 

b. What are the patterns of agreement related to intermediate outcomes among the articles? Are results related 
to certain intermediate outcomes more consistent than others? 
 

3 a. What are the patterns of disagreement related to the clinical endpoint outcomes among the articles?  

b. What are the patterns of disagreement related to intermediate outcomes among the articles? 
 

c. Are there methodological differences between the studies (e.g., diet intake/dietary pattern score 
determination, populations and confounders considered, or outcome assessment) that may explain 
disagreement among the articles?  

 
4 a. Are there certain dietary patterns that are consistently related (or not related) to [insert health outcome of 

interest]? 
 
b. Are there certain dietary patterns that are consistently related (or not related) to [insert health outcome of 

interest]? 
 

5 What are the similarities among the dietary patterns that are consistently related to [insert health outcome of 
interest]?  
 

6 Are there any sub-groups (e.g., sex, race/ethnicity, age) identified in this body of evidence that merit discussion 
when describing the relationship between dietary patterns and [insert health outcome of interest]? 
 

 
Theme for Conclusion Statement and Key Findings 
7 Please identify the main theme, or themes, you think are important to convey in the conclusion statement for this 

question. 
 

8 Are there other key findings that should be highlighted? 
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Evaluating the Body of Evidence 
9 What methodological problems or limitations of the studies included in this review warrant discussion in the 

evidence synthesis? 
 

10 Were results observed clinically meaningful from a public health perspective? (Magnitude of effect) 
 

11 Are the participants included in this body of evidence representative of the general U.S. population, including key 
subpopulations? (Generalizability) 
 

 
Research Recommendations 
12 Please identify any research recommendations you think should be made related to this topic. 

 
 
Feedback on Evidence Portfolio 
13 Is there additional information that should be highlighted in the evidence portfolio? (Did we miss anything?) 
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Appendix E: Conclusion Statement Grading Criteria 

USDA Nutrition Evidence Library Conclusion Statement Evaluation Criteria 
Criteria for judging the strength of the body of evidence supporting the Conclusion Statement 

Elements Grade I: Strong Grade II: Moderate Grade III: Limited Grade IV: Grade Not 
Assignable* 

Quality (as 
determined using the 
RDI checklist) 
• Scientific rigor and 

validity  
• Consider study  

design and 
execution  

Studies of strong design  
 
Free from design flaws, bias, and 
execution problems  

Studies of strong design with 
minor methodological concerns 
OR only studies of weaker study 
design for question  

Studies of weak design 
for answering the 
question  
OR inconclusive findings 
due to design flaws, bias, 
or execution problems  

Serious design flaws, bias, or 
execution problems across the 
body of evidence 
 

Consistency of 
findings across 
studies  

Findings generally consistent in 
direction and size of effect or degree 
of association, and statistical 
significance with very minor 
exceptions  

Some inconsistency in results 
across studies in direction and size 
of effect, degree of association, or 
statistical significance  

Unexplained 
inconsistency among 
results from different 
studies  
 

Independent variables and/or 
outcomes are too disparate to 
synthesize OR single small 
study unconfirmed by other 
studies 

Quantity  
• Number of studies  
• Number of subjects 

in studies  
 

Several good quality studies  
Large number of subjects studied  
Studies have sufficiently large 
sample size for adequate statistical 
power  

Several studies by independent 
investigators  
Doubts about adequacy of sample 
size to avoid Type I and Type II 
error  

Limited number of 
studies  
Low number of subjects 
studied and/or  
inadequate sample size 
within studies  

Available studies do not 
directly answer the question 
OR no studies available  

Impact  
• Directness of 

studied outcomes  
• Magnitude of effect  
 

Studied outcome relates directly to 
the question  
Size of effect is clinically meaningful  
  

Some study outcomes relate to the 
question indirectly 
Some doubt about the clinical 
significance of the effect 
 

Most studied outcomes 
relate to the question 
indirectly  
Size of effect is small or 
lacks clinical significance 

Studied outcomes relate to the 
question indirectly  
Size of effect cannot be 
determined 

Generalizability to 
the U.S. population of 
interest  

Studied population, intervention and 
outcomes are free from serious 
doubts about generalizability  

Minor doubts about generalizability  Serious doubts about 
generalizability due to  
narrow or different study 
population, intervention 
or outcomes studied  

Highly unlikely that the studied 
population, intervention 
AND/OR outcomes are 
generalizable to the population 
of interest 
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Appendix F: Literature Search Results – Body Weight 

 
 
Systematic Review Question:  
What is the relationship between adherence to dietary guidelines/ recommendations or specific dietary 
patterns, assessed using an index or score, and measures of body weight or obesity? 
 
Search Results: 
Total Hits: 3,550 
Total Selected: 400 
Total Included: 14  
 
Databases Searched: 
 
A. PubMed  

Search date: 01/2012 
Date range: No limit 

 
Search Terms: 
PubMed: ("Body Weights and Measures"[Mesh] OR “body weight”[mh] OR “body 
weight”[tiab] OR obesity[tiab] or obesity[mh] OR overweight[tiab] OR overweight[mh]) 
AND (index[tiab] OR score[tiab]) AND (“diet quality” OR dietary[tiab] OR nutrient* OR 
eating[tiab] OR food[tiab] OR diet[tiab] OR diet[mh]) AND (pattern* OR habit* OR 
Mediterranean[tiab] OR DASH OR vegan* OR vegetarian*) 
  
(“Diet Quality Index” OR “Recommended Food Score” OR “Eating Plan Score” OR “Diet 
Score” OR MedDietScore OR “Dietary Pattern Score”) AND ("Body Weights and 
Measures"[Mesh] OR “body weight”[mh] OR “body weight”[tiab] OR obesity[tiab] or 
obesity[mh] OR overweight[tiab] OR overweight[mh])  

 
B. Embase  

Search date: 01/2012 
Date range: No limit 

 
Search Terms: 
('body weight'/exp OR obesity/exp) AND ((index[tiab] OR score[tiab]) NEAR/2 (“diet 
quality” OR dietary OR nutrient* OR eating OR food OR diet[tiab]))  
  
(('adipose tissue'/exp OR 'skinfold thickness'/exp OR  'body mass'/exp OR 'waist hip 
ratio'/exp) NOT ('body weight'/exp OR obesity/exp)) AND (index OR score) NEAR/2 ('diet 
quality' OR dietary OR nutrient* OR eating OR food OR diet) 

 
C. Navigator (FSTA/CAB Abstracts/BIOSIS)  

Search date: 01/2012 
Date range: No limit 
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Search Terms: 
 (“body  weight” or title:obesity or abstract:obesity or overweight or adiposity ) and (( index 
or score ) NEAR/2 ( “diet  quality” or dietary or nutrient* or eating or food or diet ) ) doc-
type:Articles language:English -(database:medline OR database:agricola OR database:agris 
OR database:zoor)  
 

D. Cochrane:  
Search date: 01/2012 
Date range: No limit 

 
Search Terms: 
 (“body weight” OR obesity:ti,kw,ab OR overweight:ti,kw,ab) AND (index:ti,ab,kw OR 
score:ti,kw,ab) AND ('diet quality' OR dietary:ti,ab,kw OR nutrient*:ti,kw,ab OR 
eating:ti,kw,ab OR food:ti,kw,ab OR diet:ti,ab,kw) NOT (("accession number" near pubmed) 
OR ("accession number" near2 embase)) 
 (“body weight” OR obesity:ti,kw,ab OR overweight:ti,kw,ab) AND (“diet quality index” OR 
“recommended food score” OR “eating plan score” OR “diet score” OR meddietscore OR 
“dietary pattern score”) NOT (("accession number" near pubmed) OR ("accession number" 
near2 embase)) 

 
E. Hand Search: 

Search Date: 01/25/2012, 02/22/2012 
Selected Articles:  

 
1. Estruch R, Martínez-González MA, Corella D, Salas-Salvadó J, Ruiz-Gutiérrez V, Covas 

MI, Fiol M, Gómez-Gracia E, López-Sabater MC, Vinyoles E, Arós F, Conde M, Lahoz 
C, Lapetra J, Sáez G, Ros E; PREDIMED Study Investigators. Effects of a 
Mediterranean-style diet on cardiovascular risk factors: a randomized trial.Ann Intern 
Med. 2006 Jul 4;145(1):1-11. PubMed PMID:16818923. 

2. Kesse-Guyot 2009 E, Castetbon K, Estaquio C, Czernichow S, Galan P, Hercberg S. 
Association between the French nutritional guideline-based score and 6-year 
anthropometric changes in a French middle-aged adult cohort. Am J Epidemiol. 2009 Sep 
15;170(6):757-65. PubMed PMID: 19656810. 

3. Lassale 2012 C, Fezeu L, Andreeva VA, Hercberg S, Kengne AP, Czernichow S, Kesse-
Guyot 2009 E. Association between dietary scores and 13-year weight change and 
obesity risk in a French prospective cohort. Int J Obes (Lond). 2012 Jan 17. doi: 
10.1038/ijo.2011.264. PMID: 22249228. 

4. Tortosa A, Bes-Rastrollo M, Sanchez-Villegas A, Basterra-Gortari FJ, Nuñez-Cordoba 
JM, Martinez-Gonzalez MA. Mediterranean diet inversely associated with the incidence 
of metabolic syndrome: the SUN prospective cohort. Diabetes Care. 2007 
Nov;30(11):2957-9. PubMed PMID:17712023.  

 
 
 
 
 
 

http://www.ncbi.nlm.nih.gov/pubmed/16818923
http://www.ncbi.nlm.nih.gov/pubmed/16818923
http://www.ncbi.nlm.nih.gov/pubmed/19656810
http://www.ncbi.nlm.nih.gov/pubmed/19656810
http://www.ncbi.nlm.nih.gov/pubmed/22249228
http://www.ncbi.nlm.nih.gov/pubmed/22249228
http://www.ncbi.nlm.nih.gov/pubmed/17712023
http://www.ncbi.nlm.nih.gov/pubmed/17712023
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Figure F.1.  Flow chart of literature search results for studies examining the 
relationship between dietary patterns, assessed using an index or 
score, and risk of obesity 
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1. Berz JP, Singer MR, Guo X, Daniels SR, Moore LL. Use of a DASH food group score to 

predict excess weight gain in adolescent girls in the National Growth and Health Study. 
Arch Pediatr Adolesc Med. 2011 Jun;165(6):540-6. PubMed PMID:21646587. 

2. Beunza JJ, Toledo E, Hu FB, Bes-Rastrollo M, Serrano-Martínez M,Sánchez-Villegas A, 
Martínez JA, Martínez-González MA. Adherence to the Mediterranean diet, long-term 
weight change, and incident overweight or obesity: the Seguimiento Universidad de 
Navarra (SUN) cohort. Am J Clin Nutr. 2010Dec;92(6):1484-93. Epub 2010 Oct 20. 
Erratum in: Am J Clin Nutr. 2011 Mar;93(3):675. PubMed PMID: 20962161. 

3. Cheng 2010 G, Gerlach S, Libuda L, Kranz S, Günther AL, Karaolis-Danckert N, Kroke A, 
Buyken AE. Diet quality in childhood is prospectively associated with the timing of 
puberty but not with body composition at puberty onset. J Nutr. 2010 Jan;140(1):95-102.  
PubMed PMID: 19923386. 

 
4. Estruch R, Martínez-González MA, Corella D, Salas-Salvadó J, Ruiz-Gutiérrez V, Covas 

MI, Fiol M, Gómez-Gracia E, López-Sabater MC, Vinyoles E, Arós F, Conde M, Lahoz C, 
Lapetra J, Sáez G, Ros E; PREDIMED Study Investigators. Effects of a Mediterranean-
style diet on cardiovascular risk factors: a randomized trial.Ann Intern Med. 2006 Jul 
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95 Héroux M, Janssen I, Lam M, Lee DC, Hebert JR, Sui X, Blair SN. Dietary 
patterns and the risk of mortality: impact of cardiorespiratory fitness.. Int J 
Epidemiol. 2010 Feb;39(1):197-209. Epub 2009 Apr 20. PubMed PMID: 
19380370; PubMed Central PMCID: PMC2912488. 

Dependent variable is 
mortality 

96 Isacco L, Lazaar N, Ratel S, Thivel D, Aucouturier J, Doré E, Meyer M, Duché P. 
The impact of eating habits on anthropometric characteristics in French primary 
school children. Child Care Health Dev. 2010 Nov;36(6):835-42. doi: 
10.1111/j.1365-2214.2010.01113.x. PubMed PMID: 20645994. 

Independent variables 
do not include index 
or score 

97 Issa C, Darmon N, Salameh P, Maillot M, Batal M, Lairon D. A Mediterranean 
diet pattern with low consumption of liquid sweets and refined cereals is 
negatively associated with adiposity in adults from rural Lebanon Int J 
Obes(Lond). 2011 Feb;35(2): 251-8. Epub 2010 Jul 6. PubMed PMID: 20603626. 

Independent variables 
are sweets and cereals 

98 Jacobsen BK, Thelle DS. The Tromsø Heart Study: the relationship between food 
habits and the body mass index. J Chronic Dis. 1987;40(8):795-800. PubMed 
PMID: 3496347. 

Independent variables 
do not include index 
or score 

99 Janssen I, Katzmarzyk PT, Boyce WF, Vereecken C, Mulvihill C, Roberts 
C,Currie C, Pickett W; Comparison of overweight and obesity prevalence in 
school-aged youth from 34 countries and their relationships with physical activity 
and dietary patterns.Obes Rev. 2005 May;6(2):123-32. Review. PubMed PMID: 
15836463. 

Independent variables 
do not include index 
or score 

100 Janssen I, Katzmarzyk PT, Boyce WF, King MA, Pickett W. Overweight and 
obesity in Canadian adolescents and their associations with dietary habits and 
physical activity patterns. J Adolesc Health. 2004 Nov;35(5):360-7. PubMed 
PMID: 15488429. 

Independent variables 
do not include index 
or score 

101 Jehn ML, Brotman DJ, Appel LJ. 126. Racial differences in diurnal blood pressure 
and heart rate patterns: results from the Dietary Approaches to Stop Hypertension 
(DASH) trial. Arch Intern Med. 2008 May 12;168(9):996-1002. PubMed PMID: 
18474764. 

Independent variables 
do not include index 
or score 

102 Johnson L, Mander AP, Jones LR, Emmett PM, Jebb SA. 128. Energy-dense, low-
fiber, high-fat dietary pattern is associated with increased fatness in childhood.. 
Am J Clin Nutr. 2008 Apr;87(4):846-54. PubMed PMID: 18400706. 

Reduced Rank 
Regression 

103 Kant AK, Graubard BI, Atchison EA. 130. Intakes of plain water, moisture in 
foods and beverages, and total water in the adult US population--nutritional, meal 
pattern, and body weight correlates: National Health and Nutrition Examination 
Surveys 1999-2006. Am J Clin Nutr. 2009 Sep;90(3):655-63. Epub 2009 Jul 29. 
PubMed PMID: 19640962; PubMed Central PMCID: PMC2728648. 

Independent variable 
is water intake 

 

104 Karantonis HC, Fragopoulou E, Antonopoulou S, Rementzis J, Phenekos 
C,Demopoulos CA. 133. Effect of fast-food Mediterranean-type diet on type 2 
diabetics and healthy human subjects' platelet aggregation. Diabetes Res Clin 
Pract. 2006 Apr;72(1):33-41. Epub 2005 Oct 19. PubMed PMID: 16236380. 

Independent variable 
was foods that 
antagonize platelet 
activating factor 

105 Kastorini CM, Milionis HJ, Goudevenos JA, Panagiotakos DB. 134. 
Mediterranean diet and coronary heart disease: is obesity a link? - A systematic 
review. Nutr Metab Cardiovasc Dis. 2010 Sep;20(7):536-51. Review. PubMed 
PMID: 20708148. 

Systematic Review 

106 Keding GB, Msuya JM, Maass BL, Krawinkel MB. 136. Dietary patterns and 
nutritional health of women: the nutrition transition in rural Tanzania. Food Nutr 
Bull. 2011 Sep;32(3):218-26. PubMed PMID: 22073796. 

Tanzania is low HDI 
country 

107 Kelloniemi H, Ek E, Laitinen J. 137. Optimism, dietary habits, body mass index 
and smoking among young Finnish adults. Appetite. 2005 Oct;45(2):169-76. 
PubMed PMID: 16009454. 

Independent variable 
is “optimism”;  diet 
pattern is a dependent 
variable 

108 Kim J, Jo I. Grains, vegetables, and fish dietary pattern is inversely associated 
with the risk of metabolic syndrome in South korean adults. J Am Diet  Assoc. 
2011 Aug;111(8):1141-9. PubMed PMID: 21802559. 
 

Factor analysis 
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109 Kim S, DeRoo LA, Sandler DP. 140.Eating patterns and nutritional characteristics 
associated with sleep duration. Public Health Nutr. 2011 May;14(5):889-95. Epub 
2010 Oct 29. PubMed PMID: 21029511; PubMed Central PMCID: PMC3179429. 

Dependent variable is 
sleep duration 
 

110 King DE, Mainous AG 3rd, Carnemolla M, Everett CJ. Adherence to healthy 
lifestyle habits in US adults, 1988-2006. Am J Med. 2009 Jun;122(6):528-34. 
PubMed PMID: 19486715. 

Independent variable 
is lifestyle trend 

111 Klohe-Lehman DM, Freeland-Graves J, Clarke KK, Cai G, Voruganti VS, Milani 
TJ, Nuss HJ, Proffitt JM, Bohman TM. 144.Low-income, overweight and obese 
mothers as agents of change to improve food choices, fat habits, and physical 
activity in their 1-to-3-year-old children. J Am Coll Nutr. 2007 Jun;26(3):196-208. 
PubMed PMID: 17634164. 

Independent variable 
is weight loss program 

112 Kolcić I, Biloglav Z, Zgaga L, Jović AV, Curić I, Curić S, Susac J, Velagić  V, 
Matec L, Zobić I, Zedelj J, Strnad M. 145.Prevalence of increased body weight 
and hypertension in the population of Croatian mainland and Adriatic Islands--are 
islanders really healthier? Coll Antropol. 2009 Apr;33 Suppl 1:135-40. PubMed 
PMID: 19563159. 

Independent variable 
is lifestyle on Croatian 
mainland vs islands 

113 Kosti RI, Panagiotakos DB, Mariolis A, Zampelas A, Athanasopoulos P, Tountas 
Y. The Diet-Lifestyle Index evaluating the quality of eating and lifestyle 
behaviours in relation to the prevalence of overweight/ obesity in adolescents. Int J 
Food Sci Nutr. 2009;60 Suppl 3:34-47. Epub 2009 May 25. PubMed 
PMID:19468950. 

Independent variable 
is lifestyle index 

114 Kosti RI, Panagiotakos DB, Mihas CC, Alevizos A, Zampelas A, Mariolis A, 
Tountas Y. Dietary habits, physical activity and prevalence of overweight/obesity 
among adolescents in Greece: the Vyronas study. Med Sci Monit. 2007 
Oct;13(10):CR437-44. PubMed PMID: 17901850. 

Independent variables 
do not include index 
or score 

115 Kourlaba G, Polychronopoulos E, Zampelas A, Lionis C, Panagiotakos DB. 
Development of a diet index for older adults and its relation to cardiovascular 
disease risk factors: the Elderly Dietary Index. J Am Diet Assoc. 2009Jun; 
109(6):1022-30. PubMed PMID: 19465184. 

Cross-sectional study 

116 Kukulu K, Sarvan S, Muslu L, Yirmibesoglu SG. Dietary habits, economic status, 
academic performance and body mass index in school children: a comparative 
study. J Child Health Care. 2010 Dec;14(4):355-66. Epub 2010 Nov 15.  PubMed 
PMID: 21078697. 

Independent variables 
do not include index 
or score 

117 Kumanyika S, Tell GS, Shemanski L, Polak J, Savage PJ. Eating patterns of 
community-dwelling older adults: the Cardiovascular Health Study. Ann 
Epidemiol. 1994 Sep;4(5):404-15. PubMed PMID: 7981849. 

Independent variables 
do not include index 
or score 

118 Kuperberg K, Evers S. Feeding patterns and weight among First Nations children. 
Can J Diet Pract Res. 2006 Summer;67(2):79-84. PubMed PMID: 16759434. 

Independent variable 
is breast feeding and 
infant feeding 

119 Kvaavik E, Meyer HE, Tverdal A. 156. Food habits, physical activity and body 
mass index in relation to smoking status in 40-42 year old Norwegian women and 
men. Prev Med. 2004 Jan;38(1):1-5. PubMed PMID: 14672635. 

Independent variable 
is smoking and food 
habits dep. variable 

120 Lairon D, Defoort C, Martin JC, Amiot-Carlin MJ, Gastaldi M, Planells R. 
Nutrigenetics: links between genetic background and response to Mediterranean-
type diets. Public Health Nutr. 2009 Sep;12(9A):1601-6. PubMed PMID: 
19689828. 

Independent variables 
do not include index 
or score 

121 Lako JV, Nguyen VC. Dietary patterns and risk factors of diabetes mellitus among 
urban indigenous women in Fiji. Asia Pac J Clin Nutr. 2001;10(3):188-93.PubMed 
PMID: 11708306. 

Independent variables 
do not include index 
or score 

122 Langsetmo L, Poliquin S, Hanley DA, Prior JC, Barr S, Anastassiades T,Towheed 
T, Goltzman D, Kreiger N; CaMos Dietary patterns in Canadian men and women 
ages 25 and older: relationship to demographics, body mass index, and bone 
mineral density. BMC Musculoskelet Disord. 2010 Jan 28;11:20.PubMed PMID: 
20109205.  

Factor analysis 
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123 Lapointe A, Goulet J, Couillard C, Lamarche B, Lemieux S A nutritional 
intervention promoting the Mediterranean food pattern is associated with a 
decrease in circulating oxidized LDL particles in healthy women from the Québec 
City metropolitan area. J Nutr. 2005 Mar;135(3):410-5. PubMed PMID: 
15735071. 

Before & After study 
 

124 LaRowe TL, Moeller SM, Adams AK. 161.Beverage patterns, diet quality, and 
body mass index of US preschool and school-aged children. J Am Diet Assoc. 
2007 Jul;107(7):1124-33. PubMed PMID:17604741. 

Independent variable 
is beverage patterns 

125 Lazarou C, Panagiotakos DB, Kouta C, Matalas AL. Dietary and other lifestyle 
characteristics of Cypriot school children: results from the nationwide CYKIDS 
study. BMC Public Health. 2009 May 20;9:147. PubMed PMID: 19457230; 
PubMed Central PMCID: PMC2698851. 

Dependent variable is 
not body weight or 
obesity 

126 Lazarou C, Panagiotakos DB, Matalas AL.  Level of adherence to the 
Mediterranean diet among children from Cyprus: the CYKIDS study. Public 
Health Nutr. 2009 Jul;12(7):991-1000. Epub 2008 Aug 27. PubMed PMID: 
18752695. 

Dependent variable is 
not body weight or 
obesity 

127 Lazzeri G, Giallombardo D, Guidoni C, Zani A, Casorelli A, Grasso A, Pozzi T, 
Rossi S, Giacchi M. Nutritional surveillance in Tuscany: eating habits at breakfast, 
mid-morning and afternoon snacks among 8-9 y-old children. J Prev Med Hyg. 
2006 Sep;47(3):91-9. PubMed PMID: 17217185. 

Independent variables 
are eating habits at 
breakfast, mid-
morning and afternoon  

128 Lee Y, Birch LL. Diet quality, nutrient intake, weight status, and feeding 
environments of girls meeting or exceeding the American Academy of Pediatrics 
recommendations for total dietary fat. Minerva Pediatr. 2002 Jun;54(3):179-86. 
PubMed PMID: 12070476; PubMed Central PMCID: PMC2533131. 

Independent variable 
is  
% energy as dietary fat 

129 Lee Y, Mitchell DC, Smiciklas-Wright H, Birch LL. Diet quality, nutrient intake, 
weight status, and feeding environments of girls meeting or exceeding 
recommendations for total dietary fat of the American Academy of Pediatrics. 
Pediatrics. 2001 Jun;107(6):E95. PubMed PMID: 11389293; PubMed Central 
PMCID:PMC2562312. 

Independent variable 
is % energy as dietary 
fat 

130 Lee SK, Novotny R, Daida YG, Vijayadeva V, Gittelsohn J. Dietary patterns of 
adolescent girls in Hawaii over a 2-year period. J Am Diet Assoc. 2007 
Jun;107(6):956-61. PubMed PMID:17524716. 

Independent variables 
did not include index 
or score 

131 Lemoine S, Rossell N, Drapeau V, Poulain M, Garnier S, Sanguignol F, Mauriège 
P. Effect of weight reduction on quality of life and eating behaviors in obese 
women. Menopause. 2007 May-Jun;14(3 Pt 1):432-40. PubMed PMID: 17314737. 

Independent variable 
is weight reduction 
diet 

132 Lin PH, Windhauser MM, Plaisted CS, Hoben KP, McCullough ML, Obarzanek 
E. The Linear Index Model for establishing nutrient goals in the Dietary 
Approaches to Stop Hypertension trial. DASH Collaborative Research Group. J 
Am Diet Assoc.1999 Aug;99(8 Suppl):S40-4. PubMed PMID: 10450293. 

Dependent variable is 
not body weight or 
obesity 

133 Liu E, McKeown NM, Newby PK, Meigs JB, Vasan RS, Quatromoni PA, 
D'Agostino RB, Jacques PF. Cross-sectional association of dietary patterns with 
insulin-resistant phenotypes among adults without diabetes in the Framingham 
Offspring Study. Br J Nutr. 2009 Aug;102(4):576-83. Epub 2009 Feb 16. PubMed 
PMID: 19216828. 

Independent variables 
do not include index 
or score 

134 Ma Y, Pagoto SL, Griffith JA, Merriam PA, Ockene IS, Hafner AR, Olendzki BC. 
A dietary quality comparison of popular weight-loss plans. J Am Diet Assoc. 2007 
Oct;107(10):1786-91. PubMed PMID: 17904938; PubMed Central PMCID: 
PMC2040023. 

Dependent variable is 
aHEI score for 
different weight loss 
plans  

135 Maskarinec G, Novotny R, Tasaki K. 180. Dietary patterns are associated with 
body mass index in multiethnic women. J Nutr. 2000 Dec;130(12):3068-72. 
PubMed PMID:11110871. 

Independent variables 
do not include index 
or score 

136 McCullough ML, Feskanich D, Rimm EB, Giovannucci EL, Ascherio A, Variyam 
JN, Spiegelman D, Stampfer MJ, Willett WC. 183. Adherence to the Dietary 
Guidelines for Americans and risk of major chronic disease in men. Am J Clin 
Nutr. 2000Nov;72(5):1223-31. PubMed PMID: 11063453. 

BW measures not 
primary outcomes 
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137 McNaughton SA, Mishra GD, Stephen AM, Wadsworth ME. Dietary patterns 
throughout adult life are associated with body mass index, waist circumference, 
blood pressure, and red cell folate. J Nutr. 2007 Jan;137(1):99-105. PubMed 
PMID:17182808. 

Factor analysis 

138 Meckling KA, O'Sullivan C, Saari D. Comparison of a low-fat diet to a low-
carbohydrate diet on weight loss, body composition, and risk factors for diabetes 
and cardiovascular disease in free-living, overweight men and women. J Clin 
Endocrinol Metab. 2004 Jun;89(6):2717-23. PubMed PMID: 15181047. 

Independent variables 
are low fat vs low carb 
diets 

 
139 Mishra GD, McNaughton SA, Ball K, Brown WJ, Giles GG, Dobson AJ. Major 

dietary patterns of young and middle aged women: results from a prospective 
Australian cohort study. Eur J Clin Nutr. 2010 Oct;64(10):1125-33. PubMed 
PMID: 20683460. 

Factor analysis 

140 Mitrou PN, Kipnis V, Thiébaut AC, Reedy J, Subar AF, Wirfält E, Flood A, 
Mouw T, Hollenbeck AR, Leitzmann MF, Schatzkin A. Mediterranean dietary 
pattern and prediction of all-cause mortality in a US population: results from the 
NIH-AARP Diet and Health Study.Arch Intern Med. 2007 Dec 10;167(22):2461-
8.PMID:18071168 

BW measures not 
primary outcomes 
  

141 Monyeki KD, Kemper HC, Makgae PJ.  The association of fat patterning with 
blood pressure in rural South African children: the Ellisras Longitudinal Growth 
and Health Study. Int J Epidemiol. 2006 Feb;35(1):114-20. Epub 2005 Oct 31. 
PubMed PMID: 16260449. 

Independent variable 
is BMI and dependent 
variable is BP 

142 Moreira P, Santos S, Padrão P, Cordeiro T, Bessa M, Valente H, Barros R, 
Teixeira V, Mitchell V, Lopes C, Moreira A. Food patterns according to 
sociodemographics, physical activity, sleeping and obesity in Portuguese children. 
Int J Environ Res Public Health. 2010 Mar;7(3):1121-38. Epub 2010 Mar17. 
PubMed PMID: 20617022; PubMed Central PMCID: PMC2872303. 

Independent variables 
do not include index 
or score 

143 Mullie P, Clarys P, Hulens M, Vansant G. 190. Dietary patterns and 
socioeconomic position. Eur J Clin Nutr. 2010 Mar;64(3):231-8. Epub 2010 Jan 
20. PubMed PMID:20087378. 

Dependent variables 
do not include 
measure(s) of body 
weight 

144 Murtaugh MA, Herrick JS, Sweeney C, Baumgartner KB, Guiliano AR, Byers T, 
Slattery ML. Diet composition and risk of overweight and obesity in women living 
in the southwestern United States. J Am Diet Assoc. 2007 Aug;107(8):1311-21. 
PubMed PMID: 17659896. 

Factor analysis 

145 Navia B, Ortega RM, Requejo AM, Mena MC, Perea JM, López-Sobaler 
AM.Influence of the desire to lose weight on food habits, and knowledge of the 
characteristics of a balanced diet, in a group of Madrid university students. Eur J 
Clin Nutr. 2003 Sep;57 Suppl 1:S90-3. PubMed PMID: 12947464. 

Independent variables 
are desire to lose 
weight and food 
knowledge 

146 Neslişah R, Emine AY. Energy and nutrient intake and food patterns among 
Turkish university students. Nutr Res Pract. 2011 Apr;5(2):117-23. Epub 2011 
Apr  23. PubMed PMID: 21556225; PubMed Central PMCID: PMC3085800. 

Independent variables 
are nutritional values 
of each meal & snack 

147 Neumark-Sztainer D, Story M, Hannan PJ, Croll J. Overweight status and eating 
patterns among adolescents: where do youths stand in comparison with the healthy 
people 2010 objectives? Am J Public Health. 2002 May;92(5):844-51. PubMed 
PMID: 11988458; PubMed Central PMCID: PMC1447172. 

Independent variables 
do not include index 
or score 

148 Newby PK, Weismayer C, Akesson A, Tucker KL, Wolk A. Longitudinal changes 
in food patterns predict changes in weight and body mass index and the effects are 
greatest in obese women. J Nutr. 2006 Oct;136(10):2580-7. PubMed PMID: 
16988130. 

Factor analysis 

149 Newby PK, Muller D, Hallfrisch J, Andres R, Tucker KL. Food patterns measured 
by factor analysis and anthropometric changes in adults. Am J Clin Nutr. 2004 
Aug;80(2):504-13. PubMed PMID: 15277177. 
 
 

Independent variables 
do not include index 
or score 
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150 Newby PK, Muller D, Hallfrisch J, Qiao N, Andres R, Tucker KL. Dietary 
patterns and changes in body mass index and waist circumference in adults. Am J 
Clin Nutr. 2003 Jun;77(6):1417-25. PubMed PMID: 12791618. 

Independent variables 
do not include index 
or score 

151 Nicklas TA, Yang SJ, Baranowski T, Zakeri I, Berenson G. 200. Eating patterns 
and obesity in children. The Bogalusa Heart Study. Am J Prev Med. 2003 
Jul;25(1):9-16. PubMed PMID: 12818304. 

Independent variables 
do not include index 
or score 

152 Nisar N, Qadri MH, Fatima K, Perveen S. Karachi.  Dietary habits and life style 
among the students of a private medical university Karachi.  J Pak Med Assoc. 
2009 Feb;59(2):98-101. PubMed PMID: 19260574. 

Pakistan classified as 
“low” on HDI 

153 Nisar N, Qadri MH, Fatima K, Perveen S. Dietary habits and life style among the 
students of a private medical university Karachi.  J Pak Med Assoc. 2008 
Dec;58(12):687-90. PubMed PMID: 19157323. 

Pakistan classified as 
“low” HDI 

154 Nishiura C, Noguchi J, Hashimoto H.  Dietary patterns only partially explain the 
effect of short sleep duration on the incidence of obesity.  Sleep. 2010 
Jun;33(6):753-7. PubMed PMID: 20550015; PubMed Central PMCID: 
PMC2881711. 

Study did not examine 
dietary intake using an 
index/ score 

155 Nordmann AJ, Suter-Zimmermann K, Bucher HC, Shai I, Tuttle KR, Estruch R, 
Briel M.  Meta-analysis comparing Mediterranean to low-fat diets for modification 
of cardiovascular risk factors.  Am J Med. 2011 Sep;124(9):841-51.e2. PubMed 
PMID: 21854893. 

Study design is meta-
analysis 

156 O'Loughlin J, Maximova K, Tan Y, Gray-Donald K. Lifestyle risk factors for 
chronic disease across family origin among adults in multiethnic, low-income, 
urban neighborhoods Ethn Dis. 2007 Autumn;17(4):657-63. PubMed PMID: 
18072375. 

Study did not examine 
dietary intake using an 
index/ score 

157 Ochoa MC, Moreno-Aliaga MJ, Martínez-González MA, Martínez JA, Marti 
A;GENOI Members. Predictor factors for childhood obesity in a Spanish case-
control study.  Nutrition. 2007 May;23(5):379-84. Epub 2007 Apr 3. PubMed 
PMID: 17408922. 

Study did not examine 
dietary intake using an 
index/ score 

158 Oellingrath IM, Svendsen MV, Brantsaeter AL. Eating patterns and overweight in 
9- to 10-year-old children in Telemark County, Norway: a cross-sectional study.  
ur J Clin Nutr. 2010 Nov;64(11):1272-9. PubMed PMID: 20717128; PubMed 
Central PMCID: PMC3002052. 

Study did not examine 
dietary intake using an 
index/ score 

159 Okubo H, Sasaki S, Murakami K, Kim MK, Takahashi Y, Hosoi Y, Itabashi M; 
Freshmen in Dietetic Courses Study II group.  Three major dietary patterns are all 
independently related to the risk of obesity among 3760 Japanese women aged 18-
20 years.  Int J Obes (Lond). 2008 Mar;32(3): 541-9. PubMed PMID: 17895884. 

Study did not examine 
dietary intake using an 
index/ score 

160 Oladapo OO, Salako L, Sodiq O, Shoyinka K, Adedapo K, Falase AO. A 
prevalence of cardiometabolic risk factors among a rural Yoruba south-western 
Nigerian population: a population-based survey.  Cardiovasc J Afr. 2010 Jan-
Feb;21(1):26-31. PubMed PMID: 20224842. 

Nigeria classified as 
“low” HDI 

161 Olson CM, Bove CF, Miller EO. Growing up poor: long-term implications for 
eating patterns and body weight.  Appetite. 2007 Jul;49(1):198-207. Epub 2007 
Feb 22. PubMed PMID: 17442454. 

Study did not examine 
dietary intake using an 
index/ score 

162 Olumakaiye MF, Atinmo T, Olubayo-Fatiregun MA. Food consumption patterns 
of Nigerian adolescents and effect on body weight. J Nutr Educ Behav. 2010 May-
Jun;42(3):144-51. Epub 2010 Jan 18. PubMed PMID: 20083439. 

Study did not examine 
dietary intake using an 
index/ score 

163 Osler M, Helms Andreasen A, Heitmann B, Høidrup S, Gerdes U, Mørch 
Jørgensen L, Schroll M. Food intake patterns and risk of coronary heart disease: a 
prospective cohort study examining the use of traditional scoring techniques.  Eur 
J Clin Nutr. 2002 Jul;56(7):568-74. PubMed PMID: 12080395. 

Study did not examine 
dietary intake using an 
index/ score 

164 Osler M, Heitmann BL, Høidrup S, Jørgensen LM, Schroll M. Food intake 
patterns, self rated health and mortality in Danish men and women. A prospective 
observational study. J Epidemiol Community Health. 2001 Jun;55(6):399-403. 
PubMed PMID: 11350996; PubMed Central PMCID: PMC1731916. 
 

Study did not examine 
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index/ score 
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165 Pala V, Sieri S, Masala G, Palli D, Panico S, Vineis P, Sacerdote C, Mattiello A, 
Galasso R, Salvini S, Ceroti M, Berrino F, Fusconi E, Tumino R, Frasca G, Riboli 
E, Trichopoulou A, Baibas N, Krogh V. Associations between dietary pattern and 
lifestyle, anthropometry and other health indicators in the elderly participants of 
the EPIC-Italy cohort.  Nutr Metab Cardiovasc Dis. 2006  Apr;16(3):186-201. 
Epub 2006 Feb 17. PubMed PMID: 16580586. 

Study did not examine 
dietary intake using an 
index/ score 

166 Panagiotakos D, Bountziouka V, Zeimbekis A, Vlachou I, Polychronopoulos E.  
Food pattern analysis and prevalence of cardiovascular disease risk factors among 
elderly people from Mediterranean islands. J Med Food. 2007 Dec;10(4):615-
21.PubMed PMID: 18158831. 

Study did not examine 
dietary intake using an 
index/ score 

167 Panagiotakos DB, Pitsavos C, Chrysohoou C, Vlismas K, Skoumas Y, Palliou K, 
Stefanadis C. Dietary habits mediate the relationship between socio-economic 
status and CVD factors among healthy adults: the ATTICA study.  Public Health 
Nutr. 2008 Dec;11(12):1342-9. Epub 2008 Jul 11. PubMed PMID: 18616850. 

Does not examine the 
relationship between 
dietary patterns and 
body weight 

168 Paniagua JA, Gallego de la Sacristana A, Romero I, Vidal-Puig A, Latre JM, 
Sanchez E, Perez-Martinez P, Lopez-Miranda J, Perez-Jimenez F. 
Monounsaturated fat-rich diet prevents central body fat distribution and decreases 
postprandial adiponectin expression induced by a carbohydrate-rich diet in insulin-
resistant subjects. Diabetes Care. 2007 Jul;30(7):1717-23. Epub 2007 Mar 23. 
PubMed PMID:17384344. 

Study did not examine 
dietary intake using an 
index/ score 

169 Paradis AM, Godin G, Pérusse L, Vohl MC.  Associations between dietary 
patterns and obesity phenotypes.  Int J Obes (Lond). 2009 Dec;33(12):1419-26. 
Epub. PubMed PMID: 19736556. 

Study did not examine 
dietary intake using an 
index/ score 

170 Paradis AM, Pérusse L, Vohl MC. Dietary patterns and associated lifestyles in 
individuals with and without familial history of obesity: a cross-sectional study.  
Int J Behav Nutr Phys Act. 2006 Oct 31;3:38. PubMed PMID: 17076904; PubMed 
Central PMCID: PMC1635721. 

Study did not examine 
dietary intake using an 
index/ score 

171 Parra-Medina D, Wilcox S, Wilson DK, Addy CL, Felton G, Poston MB. Heart 
Healthy and Ethnically Relevant (HHER) Lifestyle trial for improving diet and 
physical activity in underserved African American women. Contemp Clin Trials. 
2010 Jan;31(1):92-104. PubMed PMID: 19781665. 

Study did not examine 
dietary intake using an 
index/ score 

172 Pasqui F, Baldini M, Biagi P, Maranesi M.  Dietary habits and related 
psychological and social factors: influence on the body weight of elementary 
school children. Int J Food Sci Nutr. 2006 May-Jun;57(3-4):159-67. PubMed 
PMID: 17127466. 

Study did not examine 
dietary intake using an 
index/ score 

173 Peixoto Mdo R, Benício MH, Jardim PC.  The relationship between body mass 
index and lifestyle in a Brazilian adult population: a cross-sectional survey.  Cad 
Saude Publica. 2007 Nov;23(11):2694-740. PubMed PMID: 17952262. 

Study did not examine 
dietary intake using an 
index/ score 

174 Periwal V, Chow CC. Patterns in food intake correlate with body mass index. Am 
J Physiol Endocrinol Metab. 2006 Nov;291(5):E929-36. Epub 2006 Jun 13. 
PubMed  PMID: 16772324. 

Study did not examine 
dietary intake using an 
index/ score 

175 Pino-Ortega J, De la Cruz-Sánchez E, Martínez-Santos R. Health-related fitness in 
school children: compliance with physical activity recommendations and its 
relationship with body mass index and diet quality. Arch Latinoam Nutr. 2010  
Dec;60(4):374-9. PubMed PMID: 21866688. 

Did not examine 
relationship between 
dietary patterns and 
body weight measure 

176 Pitsavos C, Panagiotakos DB, Tzima N, Lentzas Y, Chrysohoou C, Das UN, 
Stefanadis C. Diet, exercise, and C-reactive protein levels in people with 
abdominal obesity: the ATTICA epidemiological study. Angiology. 2007  Apr-
May;58(2):225-33. PubMed PMID: 17495273. 

Did not examine 
relationship between 
dietary patterns and 
body weight measure 

177 Pérez-Guisado J, Muñoz-Serrano A. A pilot study of the Spanish Ketogenic 
Mediterranean Diet: an effective therapy for the metabolic syndrome. J Med Food.  
2011 Jul-Aug;14(7-8):681-7. Epub 2011 May 25. PubMed PMID: 21612461. 

Study did not examine 
dietary intake using an 
index/ score 

178 Pérez-Guisado J, Muñoz-Serrano A, Alonso-Moraga A. Spanish Ketogenic 
Mediterranean Diet: a healthy cardiovascular diet for weight loss.  Nutr J. 2008  
Oct 26;7:30. PubMed PMID: 18950537; PubMed Central PMCID: PMC2586625. 

Study did not examine 
dietary intake using an 
index/ score 
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179 Qader SS, Shakir YA, Nyberg P, Samsioe G. Sociodemographic risk factors of 
metabolic syndrome in middle-aged women: results from a population-based study 
of Swedish women, The Women's Health in the Lund Area (WHILA) Study.  
Climacteric.  2008;11(6):475-82. PubMed PMID: 18991074. 

Study did not examine 
dietary intake using an 
index/ score 

180 Qotba H, Al-Isa AN. Anthropometric measurements and dietary habits of 
schoolchildren in Qatar. Int J Food Sci Nutr. 2007 Feb;58(1):1-5. PubMed PMID: 
17415951. 

Study did not examine 
dietary intake using an 
index/ score 

181 Quatromoni PA, Copenhafer DL, D'Agostino RB, Millen BE. Dietary patterns 
predict the development of overweight in women: The Framingham Nutrition 
Studies. J Am Diet Assoc. 2002 Sep;102(9):1239-46. PubMed PMID: 12792620. 

Study did not examine 
dietary intake using an 
index/ score 

182 Razquin C, Martinez JA, Martinez-Gonzalez MA, Mitjavila MT, Estruch R, Marti  
A. A 3 years follow-up of a Mediterranean diet rich in virgin olive oil is associated 
with high plasma antioxidant capacity and reduced body weight gain. Eur J Clin 
Nutr2009 Dec;63(12):1387-93. PubMed PMID: 19707219. 

Study did not examine 
dietary intake using an 
index/ score 

183 Rehm CD, Monsivais P, Drewnowski A. The quality and monetary value of diets 
consumed by adults in the United States. Am J Clin Nutr. 2011 Nov;94(5):1333-9. 
Epub 2011 Sep 14. PubMed PMID: 21918223. 

Did not include body 
weight measure as an 
outcome 

184 Rezazadeh A, Rashidkhani B.  The association of general and central obesity with 
major dietary patterns of adult women living in Tehran, Iran.   J Nutr Sci  
Vitaminol (Tokyo). 2010;56(2):132-8. PubMed PMID: 20495295. 

Study did not examine 
dietary intake using an 
index/ score 

185 Risica PM, Burkholder G, Gans KM, Lasater TM, Acharyya S, Davis C, Kirtania 
U.   Assessing fat-related dietary behaviors among black women: reliability and 
validity of a new Food Habits Questionnaire. J Nutr Educ Behav. 2007  Jul-
Aug;39(4):197-204. PubMed PMID: 17606245. 

Study did not examine 
the relationship 
between dietary 
patterns and body 
weight 

186 Ritchie LD, Raman A, Sharma S, Fitch MD, Fleming SE.  Dietary intakes of 
urban, high body mass index, African American children: family and child dietary 
attributes predict child intakes. J Nutr Educ Behav. 2011 Jul-Aug;43(4):236-43. 
PubMed PMID: 21530411. 

Study did not examine 
the relationship 
between dietary 
patterns and body 
weight 

187 Roberts SB, Hajduk CL, Howarth NC, Russell R, McCrory MA. Dietary variety 
predicts low body mass index and inadequate macronutrient and micronutrient 
intakes in community-dwelling older adults. J Gerontol A Biol Sci Med Sci. 2005 
May;60(5):613-21. PubMed PMID: 15972614. 

Study did not examine 
dietary intake using an 
index/ score 

188 Rodríguez-Artalejo F, Garcés C, Gorgojo L, López García E, Martín-Moreno JM, 
Benavente M, del Barrio JL, Rubio R, Ortega H, Fernández O, de Oya M; 
Investigators of the Four Provinces Study.  Dietary patterns among children aged 
6-7 y in four Spanish cities with widely differing cardiovascular mortality. Eur  J 
Clin Nutr. 2002 Feb;56(2):141-8. PubMed PMID: 11857047. 

Study did not examine 
dietary intake using an 
index/ score 

189 Rolland-Cachera MF, Thibault H, Souberbielle JC, Soulié D, Carbonel P, 
Deheeger M, Roinsol D, Longueville E, Bellisle F, Serog P. Massive obesity in 
adolescents: dietary interventions and behaviours associated with weight regain at 
2 y follow-up. Int J Obes Relat Metab Disord. 2004 Apr;28(4):514-9. PubMed  
PMID: 14968129. 

Study did not examine 
dietary intake using an 
index/ score 

190 Rosamond WD, Ammerman AS, Holliday JL, Tawney KW, Hunt KJ, Keyserling 
TC, Will JC, Mokdad AH.  Cardiovascular disease risk factor intervention in low-
income women: the North Carolina WISEWOMAN project. Prev Med. 2000 
Oct;31(4):370-9. PubMed PMID: 11006062. 

Study did not examine 
relationship between 
dietary pattern and 
body weight 

191 Saab PG, Fitzpatrick S, Lai B, McCalla JR.  Elevated body mass index and obesity 
among ethnically diverse adolescents. Ethn Dis. 2011 Spring;21(2):176-82. 
PubMed PMID: 21749021. 

Does not examine 
relationship between 
dietary patterns and 
body weight 

192 Sabaté J, Wien M. Vegetarian diets and childhood obesity prevention. Am J Clin 
Nutr. 2010 May;91(5):1525S-1529S. Epub 2010 Mar 17. PubMed PMID: 
20237136. 

Review article 
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193 Sahingoz SA, Sanlier N.  Compliance with Mediterranean Diet Quality Index 
(KIDMED) and nutrition knowledge levels in adolescents. A case study from 
Turkey. Appetite. 2011 Aug;57(1):272-7. Epub 2011 May 20. PubMed PMID: 
21624407. 

Does not include body 
weight measure 

194 Sakamaki R, Amamoto R, Mochida Y, Shinfuku N, Toyama K. A comparative 
study of food habits and body shape perception of university students in Japan and 
Korea. Nutr J. 2005 Oct 31;4:31. PubMed PMID: 16255785; PubMed Central 
PMCID: PMC1298329. 

Does not examine 
relationship between 
dietary patterns and 
body weight 

195 Schröder H, Fïto M, Covas MI; REGICOR investigators.  Association of fast food 
consumption with energy intake, diet quality, body mass index and the risk of 
obesity in a representative Mediterranean population. Br J Nutr. 2007  
Dec;98(6):1274-80. Epub 2007 Jul 12. PubMed PMID: 17625027. 

Does not examine the 
relationship between 
dietary patterns and 
body weight 

196 Schröder H, Marrugat J, Elosua R, Covas MI; REGICOR Investigators.  
Relationship between body mass index, serum cholesterol, leisure-time physical 
activity, and diet in a Mediterranean Southern-Europe population.   Br J Nutr. 
2003  Aug;90(2):431-9. PubMed PMID: 12908905. 

Study did not examine 
dietary intake using an 
index/ score 

197 Schulz M, Nöthlings U, Hoffmann K, Bergmann MM, Boeing H.  Identification of 
a food pattern characterized by high-fiber and low-fat food choices associated with 
low prospective weight change in the EPIC-Potsdam cohort. J Nutr. 2005  
May;135(5):1183-9. PubMed PMID: 15867301. 

Study did not examine 
dietary intake using an 
index/ score 

198 Schulze MB, Fung TT, Manson JE, Willett WC, Hu FB. Dietary patterns and 
changes in body weight in women. Obesity (Silver Spring). 2006 Aug;14(8): 
1444-53.  PubMed PMID: 16988088. 

Study did not examine 
dietary intake using an 
index/ score 

199 Serra-Majem L. Efficacy of diets in weight loss regimens: is the Mediterranean 
diet appropiate?   Pol Arch Med Wewn. 2008 Dec;118(12):691-3. Review.  
PubMed PMID: 19202945. 

Editorial 

200 Shai I, Spence JD, Schwarzfuchs D, Henkin Y, Parraga G, Rudich A, Fenster A, 
Mallett C, Liel-Cohen N, Tirosh A, Bolotin A, Thiery J, Fiedler GM, Blüher M, 
Stumvoll M, Stampfer MJ; DIRECT Group. Dietary intervention to reverse 
carotid atherosclerosis.   Circulation. 2010 Mar 16;121(10):1200-8. Epub 2010 
Mar 1. PubMed  PMID: 20194883. 

Independent variables 
do not include index 
or score 

201 Shai I, Schwarzfuchs D, Henkin Y, Shahar DR, Witkow S, Greenberg I, Golan R, 
Fraser D, Bolotin A, Vardi H, Tangi-Rozental O, Zuk-Ramot R, Sarusi B, 
Brickner D, Schwartz Z, Sheiner E, Marko R, Katorza E, Thiery J, Fiedler GM, 
Blüher M, Stumvoll M, Stampfer MJ; Dietary Intervention Randomized 
Controlled Trial (DIRECT) Group. Weight loss with a low-carbohydrate, 
Mediterranean, or low-fat diet. N Engl J Med. 2008 Jul 17;359(3):229-41. Erratum 
in: N Engl J Med. 2009 Dec31;361(27):2681. PubMed PMID: 18635428. 

Independent variables 
do not include index 
or score 

202 Sherafat-Kazemzadeh R, Egtesadi S, Mirmiran P, Gohari M, Farahani SJ, 
Esfahani FH, Vafa MR, Hedayati M, Azizi F. Dietary patterns by reduced rank 
regression predicting changes in obesity indices in a cohort study: Tehran Lipid 
and Glucose Study. Asia Pac J Clin Nutr. 2010;19(1):22-32. PubMed PMID: 
20199984. 

independent variables 
do not include index 
or score 

203 Shimazu T, Kuriyama S, Hozawa A, Ohmori K, Sato Y, Nakaya N, Nishino Y, 
Tsubono Y, Tsuji I. Dietary patterns and cardiovascular disease mortality in Japan: 
a prospective cohort study.   Int J Epidemiol. 2007 Jun;36(3):600-9. Epub 2007 
Feb 22. PubMed PMID: 17317693. 

Factor analysis 

204 Sichieri R. Dietary patterns and their associations with obesity in the Brazilian city 
of Rio de Janeiro.   Obes Res. 2002 Jan;10(1):42-8. PubMed PMID: 11786600. 

Independent variables 
do not include index 
or score 

205 Smithers LG, Golley RK, Brazionis L, Lynch JW.   Characterizing whole diets of 
young children from developed countries and the association between diet and 
health: a systematic review. Nutr Rev. 2011 Aug; 69(8):449-67. doi: 
10.1111/j.1753 4887.2011. 00407.PubMed PMID: 21790612. 
 

Systematic Review 
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Dependent variable is 
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25 Larsen TM, Dalskov SM, van Baak M, Jebb SA, Papadaki A, Pfeiffer AF, 
Martinez JA, Handjieva-Darlenska T, Kunešová M, Pihlsgård M, Stender S, Holst 
C, Saris WH, Astrup A; Diet, Obesity, and Genes (Diogenes) Project. Diets with 
high or low protein content and glycemic index for weight-loss maintenance. N 
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Cross-sectional study 
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Dependent variables 
are behavioral 

43 Qi L, van Dam RM, Liu S, Franz M, Mantzoros C, Hu FB. Whole-grain, bran, and 
cereal fiber intakes and markers of systemic inflammation in diabetic women. 
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Does not answer the 
question: dependent 
variables are nutrient 
intake and diet quality 
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Independent variable 
is eating frequency 
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metabolic syndrome. J Epidemiol Community Health. 2007 Sep;61(9):810-7. 
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47 Rutherford JN, McDade TW, Feranil AB, Adair LS, Kuzawa CW. High 
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2010;19(1):57-67. PMID:20199988. 
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48 Sahota P, Rudolf MC, Dixey R, Hill AJ, Barth JH, Cade J. Randomised controlled 
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2007 Aug;58(5):398-410 PMID:17558731. 
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status of women in a rural area in Burkina Faso. Eur J Clin Nutr. 2005 
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Dependent variable is 
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Independent variable 
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Narrative review 
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Independent variable 
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the evaluation of the content of advanced glycation endproducts, in a population 
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and Metabolism 2010. 

Dependent variable is 
diet quality 
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Pediatrics. 2005 Oct;116(4):e518-24.PMID:16199680. 

Independent variable 
is consumption of 
fried foods 

57 Tsigga, M. et al. Associations between diet quality, health status and diabetic 
complications in patients with type 2 diabetes and diabesity  Obesity Reviews, 
2011. 

Dependent variable is 
T2D 

58 Tzima N, Pitsavos C, Panagiotakos DB, Chrysohoou C, Polychronopoulos E, 
Skoumas J, Stefanadis C. Adherence to the Mediterranean diet moderates the 
association of aminotransferases with the prevalence of the metabolic syndrome; 
the ATTICA study. Nutr Metab (Lond). 2009 Jul 30;6:30. PMID:19642977. 

Dependent variable is 
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59 von Ruesten A, Illner AK, Buijsse B, Heidemann C, Boeing H. Adherence to 
recommendations of the German food pyramid and risk of chronic diseases: 
results from the EPIC-Potsdam study. Eur J Clin Nutr. 2010 Nov;64(11):1251-9. 
Epub 2010 Aug 18. PMID:20717136. 

Dependent variables 
are CVD, T2D, cancer 

70 Zhang X, Yao S, Sun G, Yu S, Sun Z, Zheng L, Xu C, Li J, Sun Y. Total and 
abdominal obesity among rural Chinese women and the association with 
hypertension. Nutrition. 2012 Jan;28(1):46-52. Epub 2011 May 31. 
PMID:21621392. 

Cross-sectional study 
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Public Health Nutr. 2007 May;10(5):436-42. PMID:17411462. 
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Independent variables 
do not include index 
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5 Barr SI, Broughton TM. Relative weight, weight loss efforts and nutrient intakes 
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ages 18 to 50. J Am Coll Nutr. 2000 Nov-Dec;19(6):781-8. PMID: 11194532. 
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6 Burke LE, Warziski M, Styn MA, Music E, Hudson AG, Sereika SM. A 
randomized clinical trial of a standard versus vegetarian diet for weight loss: the 
impact of treatment preference. Int J Obes (Lond). 2008 Jan;32(1):166-76. 
PMID:17700579. 

Independent variables 
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eaters. Public Health Nutr. 2004 Oct;7(7):871-8.PMID:15482612. 

Independent variables 
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8 Chen CW, Lin YL, Lin TK, Lin CT, Chen BC, Lin CL. Total cardiovascular risk 
profile of Taiwanese vegetarians. Eur J Clin Nutr. 2008 Jan;62(1):138-44. Epub 
2007 Mar 14. PMID:17356561. 

Independent variables 
do not include index 
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9 Goff LM, Bell JD, So PW, Dornhorst A, Frost GS. Veganism and its relationship 
with insulin resistance and intramyocellular lipid. Eur J Clin Nutr. 2005 
Feb;59(2):291-8.PMID:15523486. 

Independent variables 
do not include index 
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10 
 

Grant R, Bilgin A, Zeuschner C, Guy T, Pearce R, Hokin B, Ashton J. The 
relative impact of a vegetable-rich diet on key markers of health in a cohort of 
Australian adolescents. Asia Pac J Clin Nutr. 2008;17(1):107-15. 
PMID:18364335. 

Independent variables 
do not include index 
or score 

11 Harman SK, Parnell WR. The nutritional health of New Zealand vegetarian and 
non-vegetarian Seventh-day Adventists: selected vitamin, mineral and lipid levels. 
N Z Med J. 1998 Mar 27;111(1062):91-4.PMID:9577459. 

Independent variables 
do not include index 
or score 

12 Hoffmann I, Groeneveld MJ, Boeing H, Koebnick C, Golf S, Katz N, Leitzmann 
C. Giessen Wholesome Nutrition Study: relation between a health-conscious diet 
and blood lipids. Eur J Clin Nutr. 2001 Oct;55(10):887-95.PMID:11593351. 

Independent variables 
do not include index 
or score 

13 Høstmark AT, Lystad E, Vellar OD, Hovi K, Berg JE. Reduced plasma 
fibrinogen, serum peroxides, lipids, and apolipoproteins after a 3-week vegetarian 
diet. Plant Foods Hum Nutr. 1993 Jan;43(1):55-61. PMID: 8464845. 

Independent variables 
do not include index 
or score  

14 Janelle KC, Barr SI. Nutrient intakes and eating behavior scores of vegetarian and 
nonvegetarian women. J Am Diet Assoc. 1995 Feb;95(2):180-6, 189, quiz 187-8. 
PMID:7852684. 

Independent variables 
do not include index 
or score 

15 Krajcovicová-Kudlácková M, Simoncic R, Béderová A, Ondreicka R, Klvanová J. 
Selected parameters of lipid metabolism in young vegetarians. Ann Nutr Metab. 
1994;38(6):331-5. PMID:7702361. 

Independent variables 
do not include index 
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16 Kuo CS, Lai NS, Ho LT, Lin CL. Insulin sensitivity in Chinese ovo-
lactovegetarians compared with omnivores. Eur J Clin Nutr. 2004 Feb;58(2):312-
6.PMID:14749752. 
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17 Lee Y, Krawinkel M. Body composition and nutrient intake of Buddhist 
vegetarians. Asia Pac J Clin Nutr. 2009;18(2):265-71.PMID:19713187. 

Independent variables 
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among Seventh-day Adventist men. Int J Obes. 1991 Jun;15(6):397-406. 
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Independent variables 
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20 Newby PK, Tucker KL, Wolk A. Risk of overweight and obesity among 
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21 Nieman DC, Underwood BC, Sherman KM, Arabatzis K, Barbosa JC, Johnson M, 
Shultz TD. Dietary status of Seventh-Day Adventist vegetarian and non-
vegetarian elderly women. J Am Diet Assoc. 1989 Dec;89(12):1763-9. 
PMID:2592707. 

Independent variables 
do not include index 
or score  

22 Rosell M, Appleby P, Spencer E, Key T. Weight gain over 5 years in 21,966 
meat-eating, fish-eating, vegetarian, and vegan men and women in EPIC-Oxford. 
Int J Obes (Lond). 2006 Sep;30(9):1389-96. PMID:16534521. 

Independent variables 
do not include index 
or score  

23 Rosell M, Appleby P, Key T. Height, age at menarche, body weight and body 
mass index in life-long vegetarians. Public Health Nutr. 2005 Oct;8(7):870-5. 
PMID:16277803. 

Independent variables 
do not include index 
or score  

24 Rouse IL, Armstrong BK, Beilin LJ. Vegetarian diet, lifestyle and blood pressure 
in two religious populations. Clin Exp Pharmacol Physiol. 1982 May-
Jun;9(3):327-30. PMID:7140012. 

Independent variables 
do not include index 
or score  

25 Spencer EA, Appleby PN, Davey GK, Key TJ. Diet and body mass index in 
38000 EPIC-Oxford meat-eaters, fish-eaters, vegetarians and vegans. Int J Obes 
Relat Metab Disord. 2003 Jun;27(6):728-34. PMID:12833118. 

Independent variables 
do not include index 
or score  

26 Thorogood M, McPherson K, Mann J. Relationship of body mass index, weight 
and height to plasma lipid levels in people with different diets in Britain. 
Community Med. 1989 Aug;11(3):230-3. PMID:2605890. 

Independent variables 
do not include index 
or score  

27 Toohey ML, Harris MA, DeWitt W, Foster G, Schmidt WD, Melby CL. 
Cardiovascular disease risk factors are lower in African-American vegans 
compared to lacto-ovo-vegetarians. J Am Coll Nutr. 1998 Oct;17(5):425-34. 
PMID:9791838. 

Independent variables 
do not include index 
or score  

28 Yen CE, Yen CH, Huang MC, Cheng CH, Huang YC. Dietary intake and 
nutritional status of vegetarian and omnivorous preschool children and their 
parents in Taiwan. Nutr Res. 2008 Jul;28(7):430-6. PMID:19083442. 

Independent variables 
do not include index 
or score  

 
Cross-sectional Studies:  (Decision to exclude cross-sectional studies: 2/22/2012)  
Mediterranean Diet Pattern 

# Citation Rationale for 
Exclusion 

1 Buckland G, González CA, Agudo A, Vilardell M, Berenguer A, Amiano P, 
ArdanazE, Arriola L, Barricarte A, Basterretxea M, Chirlaque MD, Cirera L, 
Dorronsoro M,Egües N, Huerta JM, Larrañaga N, Marin P, Martínez C, Molina E, 
Navarro C, Quirós R, Rodriguez L, Sanchez MJ, Tormo MJ, Moreno-Iribas C. 
Adherence to the Mediterranean diet and risk of coronary heart disease in the 
Spanish EPIC Cohort Study. Am J Epidemiol. 2009 Dec 15;170(12):1518-29. 
Epub 2009 Nov 10. PubMed PMID: 19903723. 

Cross-sectional 
  
 
rMDS 
 

2 
 

de Koning L, Chiuve SE, Fung TT, Willett WC, Rimm EB, Hu FB. Diet-quality 
scores and the risk of type 2 diabetes in men. Diabetes Care. 
2011May;34(5):1150-6. Epub 2011 Apr 4. PubMed PMID: 21464460; PubMed 
Central PMCID: PMC3114491. 

Cross-sectional  
HEI-05, aHEI, RFS, 
aMDS, DASH score 

3 Mantzoros CS, Williams CJ, Manson JE, Meigs JB, Hu FB. Adherence to the 
Mediterranean dietary pattern is positively associated with plasma adiponectin 
concentrations in diabetic women. Am J Clin Nutr. 2006 Aug;84(2):328-35. 
PubMed PMID: 16895879. 

Cross-sectional 
 
MDS 

4 Martínez-González MA, García-López M, Bes-Rastrollo M, Toledo E, Martínez-
Lapiscina EH, Delgado-Rodriguez M, Vazquez Z, Benito S, Beunza JJ. 
Mediterranean diet and the incidence of cardiovascular disease: a Spanish 
cohort.Nutr Metab Cardiovasc Dis. 2011 Apr;21(4):237-44. Epub 2010 Jan 21. 
PubMed PMID: 20096543. 
 
 
 

Cross-sectional 
 
MDS 
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5 Trichopoulou A, Naska A, Orfanos P, Trichopoulos D.  Mediterranean diet in 
relation to body mass index and waist-to-hip ratio: the Greek European 
Prospective Investigation into Cancer and Nutrition Study.   Am J Clin Nutr. 2005  
Nov;82(5):935-40. PubMed PMID: 16280422. 

Cross-sectional 
 
MDS 

6 Tzima N, Pitsavos C, Panagiotakos DB, Skoumas J, Zampelas A, Chrysohoou C, 
Stefanadis C.  Mediterranean diet and insulin sensitivity, lipid profile and blood 
pressure levels, in overweight and obese people; the Attica study.   Lipids Health  
Dis. 2007 Sep 19;6:22. PubMed PMID: 17880675; PubMed Central PMCID: 
PMC2045655. 

Cross-sectional 
 
MedDietScore 
 

7 van den Brandt PA.  The impact of a Mediterranean diet and healthy lifestyle on 
premature mortality in men and women. Am J Clin Nutr. 2011 Sep;94(3): 913-
20.PubMed PMID: 21795445. 

Cross-sectional 
Adherence to Med 
Diet 

8 Baldini M, Pasqui F, Bordoni A, Maranesi M. Is the Mediterranean lifestyle still a 
reality? Evaluation of food consumption and energy expenditure in Italian and 
Spanish university students. Public Health Nutr. 2009 Feb;12(2):148-55. PubMed 
PMID: 18503726. 

Cross-sectional 
 
Med DQI 

9 Bulló M, Garcia-Aloy M, Martínez-González MA, Corella D, Fernández-Ballart 
JD, Fiol M, Gómez-Gracia E, Estruch R, Ortega-Calvo M, Francisco S, Flores-
Mateo  G, Serra-Majem L, Pintó X, Covas MI, Ros E, Lamuela-Raventós R, 
Salas-Salvadó J.  Association between a healthy lifestyle and general obesity and 
abdominal obesity in an elderly population at high cardiovascular risk. Prev Med. 
2011 Sep1;53(3):155-61.PubMed PMID:21708186. 

Cross-sectional 
 
Adherence to Med 
Diet 
 
 

10 Dedoussis GV, Kanoni S, Mariani E, Cattini L, Herbein G, Fulop T, Varin A, 
Rink L, Jajte J, Monti D, Marcellini F, Malavolta M, Mocchegiani E. 
Mediterranean diet and plasma concentration of inflammatory markers in old and 
very old subjects in the ZINCAGE population study. Clin Chem Lab Med. 
2008;46(7):990-6. PubMed PMID: 18605965. 

Cross-sectional 
 
MDS 
 

11 Delisle HF, Vioque J, Gil A. Dietary patterns and quality in West-African 
immigrants in Madrid. Nutr J. 2009 Jan 23;8:3. PubMed PMID: 19166606. 

Cross-sectional 
aMDS & aHEI 

12 Farajian P, Risvas G, Karasouli K, Pounis GD, Kastorini CM, Panagiotakos DB, 
Zampelas A. Very high childhood obesity prevalence and low adherence rates to 
the Mediterranean diet in Greek children: the GRECO study. Atherosclerosis. 
2011Aug;217(2):525-30. Epub 2011 Apr 13. PubMed PMID: 21561621. 

Cross-sectional 
 
KIDMED score 
 

 
13 

Fung TT, McCullough ML, Newby PK, Manson JE, Meigs JB, Rifai N, Willett 
WC, Hu FB. Diet-quality scores and plasma concentrations of markers of 
inflammation and endothelial dysfunction. Am J Clin Nutr. 2005 Jul;82(1):163-
73.PMID: 16002815. 

Cross-sectional 
HEI, aHEI, DQI-
R,RFS, aMED  

14 Jennings A, Welch A, van Sluijs EM, Griffin SJ, Cassidy A. Diet quality is 
independently associated with weight status in children aged 9-10 years. J Nutr. 
2011 Mar;141(3):453-9. Epub 2011 Jan 26. PubMed PMID: 21270356. 

Cross-sectional 
 
DQI, HEI, and MDS 

15 Kontogianni MD, Farmaki AE, Vidra N, Sofrona S, Magkanari F, Yannakoulia 
M.  Associations between lifestyle patterns and body mass index in a sample of 
Greek children and adolescents. J Am Diet Assoc. 2010 Feb;110(2):215-21. 
PubMed PMID:20102848. 

Cross-sectional 
 
KIDMED score 

16 Kontogianni MD, Vidra N, Farmaki AE, Koinaki S, Belogianni K, Sofrona 
S,Magkanari F, Yannakoulia M. 147.Adherence rates to the Mediterranean diet 
are low in a representative sample of Greek children and adolescents. J Nutr. 2008 
Oct;138(10):1951-6. PubMed PMID: 18806106. 

Cross-sectional 
 
KIDMED score 
 

17 Lazarou C, Panagiotakos DB, Matalas AL. 163.Physical activity mediates the 
protective effect of the Mediterranean diet on children's obesity status: The 
CYKIDS study. Nutrition. 2010 Jan;26(1):61-7. PubMed PMID: 19632093. 
 
 
 
 

Cross-sectional 
 
KIDMED score 
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18 Mazaraki A, Tsioufis C, Dimitriadis K, Tsiachris D, Stefanadi E, Zampelas 
A,Richter D, Mariolis A, Panagiotakos D, Tousoulis D, Stefanadis C. Adherence 
to the Mediterranean diet and albuminuria levels in Greek adolescents: data from 
the Leontio Lyceum ALbuminuria (3L study).. Eur J Clin Nutr. 2011 
Feb;65(2):219-25.PubMed PMID: 21063428. 

Cross-sectional 
 
KIDMED score 
 

19 Muñoz MA, Fíto M, Marrugat J, Covas MI, Schröder H; REGICOR and 
HERMES investigators. Adherence to the Mediterranean diet is associated with 
better mental and physical health. Br J Nutr. 2009 Jun;101(12):1821-7. Epub 2008 
Dec 15.PubMed PMID: 19079848. 

Cross-sectional 
 
MDS 
 

20 Paletas K, Athanasiadou E, Sarigianni M, Paschos P, Kalogirou A, Hassapidou M, 
Tsapas A. The protective role of the Mediterranean diet on the prevalence of 
metabolic syndrome in a population of Greek obese subjects.  J Am Coll Nutr. 
2010  Feb;29(1):41-5. PubMed PMID: 20595644. 

Cross-sectional 
 
MDS 
 

21 Panagiotakos DB, Pitsavos C, Arvaniti F, Stefanadis C. Adherence to the 
Mediterranean food pattern predicts the prevalence of hypertension, 
hypercholesterolemia, diabetes and obesity, among healthy adults; the accuracy of 
the MedDietScore.  Prev Med. 2007 Apr;44(4):335-40. Epub 2006 Dec 30. 
PubMed PMID: 17350085. 

Cross-sectional study  
 
MedDietScore 
 

22 Panagiotakos DB, Polystipioti A, Papairakleous N, Polychronopoulos E.Long-
term adoption of a Mediterranean diet is associated with a better health status in 
elderly people; a cross-sectional survey in Cyprus.  Asia Pac J Clin  Nutr. 
2007;16(2):331-7. PubMed PMID: 17468091. 

Cross-sectional study 
 
MedDietScore 
 

23 Panagiotakos DB, Chrysohoou C, Pitsavos C, Stefanadis C. Association between 
the prevalence of obesity and adherence to the Mediterranean diet: the ATTICA 
study.Nutrition. 2006 May;22(5):449-56. PubMed PMID: 16457990. 

Cross-sectional study 
 
MedDietScore 

24 Romaguera D, Norat T, Mouw T, May AM, Bamia C, et al.Adherence to the 
Mediterranean diated with lower abdominal adiposity in European men and 
women.J Nutr. 2009  Sep;139(9):1728-37. Epub 2009 Jul 1. PubMed PMID: 
19571036. 

Cross-sectional study 
 
Modified MDS 
(mMDS) 

25 Rossi M, Negri E, Bosetti C, Dal Maso L, Talamini R, Giacosa A, Montella M, 
Franceschi S, La Vecchia C. Mediterranean diet in relation to body mass index 
and waist-to-hip ratio. Public Health Nutr. 2008 Feb;11(2):214-7. Epub 2007 Aug 
9. PubMed PMID: 17686205. 

Cross-sectional 
 
 MDS 

26 Satalić Z, Barić IC, Keser I, Marić B. Evaluation of diet quality with the 
mediterranean dietary quality index in university students.   Int J Food Sci Nutr. 
2004 Dec;55(8):589-97. PubMed PMID: 16019303. 

Cross-sectional study 
 
Med DQI 

27 Schröder H, Mendez MA, Ribas-Barba L, Covas MI, Serra-Majem L. 
Mediterranean diet and waist circumference in a representative national sample of 
young Spaniards.   Int J Pediatr Obes. 2010 Dec;5(6):516-9. PubMedPMID: 
20863166. 

Cross-sectional 
  
HEI and MDS 

28 Schröder H, Marrugat J, Vila J, Covas MI, Elosua R. Adherence to the traditional 
mediterranean diet is inversely associated with body mass index and obesity in a 
spanish population. J Nutr. 2004 Dec;134(12):3355-61.PMID:15570037 

Cross-sectional 
 
MDS 

29 Shubair MM, McColl RS, Hanning RM.  Mediterranean dietary components and 
body mass index in adults: the peel nutrition and heart health survey.   Chronic 
DisCan. 2005 Spring-Summer;26(2-3):43-51. PubMed PMID: 16251009. 

Cross-sectional 
PCA 
M-score 

30 Sánchez-Benito JL, Sánchez-Soriano E, Ginart Suárez J. Assessment of the 
Mediterranean Diet Adequacy Index of a collective of young cyclists. 
Nutr Hosp. 2009 Jan-Feb;24(1):77-86. PubMed PMID: 19266118. 

Cross-sectional 
Mediterranean 
Adequacy Index (MAI) 

31 Sánchez-Taínta A, Estruch R, Bulló M, Corella D, Gómez-Gracia E, Fiol 
M,Algorta J, Covas MI, Lapetra J, Zazpe I, Ruiz-Gutiérrez V, Ros E,Martínez-
González MA; PREDIMED group. Adherence to a Mediterranean-type diet and 
reduced prevalence of clustered cardiovascular risk factors in a cohort of 3,204 
high-risk patients.  Eur J Cardiovasc Prev Rehabil. 2008 Oct;15(5):589-93. 
PubMed PMID: 18830087. 

Cross-sectional 
 
MeDiet score 
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32 Tucak-Zorić S, Curcić IB, Mihalj H, Dumancić I, Zelić Z, Cetina NM, SmolićR, 
Volarević M, Missoni S, Tomljenović A, Szirovicza L, Duraković Z, Xi H, 
Chakraborty R, Deka R, Tucak A, Rudan P. Prevalence of metabolic syndrome in 
the interior of Croatia: the Baranja region.Coll Antropol. 2008 Sep;32(3):659-
65.PubMed PMID: 18982734. 

Cross-sectional 
 
Adherence to Med 
Diet 
 

33 Tyrovolas S, Psaltopoulou T, Pounis G, Papairakleous N, Bountziouka 
V,Zeimbekis A, Gotsis E, Antonopoulou M, Metallinos G, Polychronopoulos E, 
Lionis C, Panagiotakos DB. Nutrient intake in relation to central and overall obesity 
status among elderly people living in the Mediterranean islands: the MEDIS study.   
Nutr Metab Cardiovasc Dis. 2011 Jun;21(6):438-45. Epub 2010 Feb 13. PubMed 
PMID: 20153615. 

Cross-sectional 
 
MedDietScore 
 
 

34 Tyrovolas S, Bountziouka V, Papairakleous N, Zeimbekis A, Anastassiou F, 
Gotsis E, Metallinos G, Polychronopoulos E, Lionis C, Panagiotakos D.  
Adherence to the Mediterranean diet is associated with lower prevalence of 
obesity among elderly people living in Mediterranean islands: the MEDIS study.   
Int J Food Sci  Nutr. 2009 Aug 11:1-14. PubMed PMID: 19672745. 

Cross-sectional 
 
MedDietScore 
 
 

DASH Diet Pattern:  

# Citation Rationale for 
Exclusion 

1 Fung TT, Chiuve SE, McCullough ML, Rexrode KM, Logroscino G, Hu FB. 
Adherence to a DASH-style diet and risk of coronary heart disease and stroke in 
women. Arch Intern Med. 2008 Apr 14;168(7):713-20. PMID:18413553 

Cross-sectional 
 
DASH score 

2 
 

Karanja NM, McCullough ML, Kumanyika SK, Pedula KL, Windhauser MM, 
Obarzanek E, Lin PH, Champagne CM, Swain JF. Pre-enrollment diets of Dietary 
Approaches to Stop Hypertension trial participants. DASH Collaborative 
Research Group. J AmDiet Assoc. 1999 Aug;99(8 Suppl):S28-34. PubMed PMID: 
10450291. 

Cross-sectional 
 
Diet Quality Index  
(DQI) 
 

Other Dietary Patterns: 
# Citation Rationale for 

Exclusion 
1 Lyles TE 3rd, Desmond R, Faulk LE, Henson S, Hubbert K, Heimburger DC, Ard 

JD. Diet variety based on macronutrient intake and its relationship with body mass 
index. MedGenMed. 2006 Aug 16;8(3):39. PubMed PMID: 17406172; PubMed 
Central PMCID: PMC1781268. 

Cross-sectional 
 
Dietary Variety Score 
 

2 
 

Manios Y, Kourlaba G, Grammatikaki E, Androutsos O, Moschonis G, Roma-
Giannikou E. Development of a diet-lifestyle quality index for young children and 
its relation to obesity: the Preschoolers Diet-Lifestyle Index. Public Health Nutr. 
2010 Dec;13(12):2000-9. PubMed PMID: 20409357. 

Cross-sectional 
 
Diet-Lifestyle Index 

Healthy Eating Index: 
# Citation Rationale for 

Exclusion 
1 Beydoun MA, Boueiz A, Shroff MR, Beydoun HA, Wang Y, Zonderman AB. 

Associations among 25-hydroxyvitamin D, diet quality, and metabolic disturbance 
differ by adiposity in adults in the United States. J Clin Endocrinol Metab. 2010 
Aug;95(8):3814-27. PMID:20463091. 

Cross-sectional 
 
HEI-2005 
HEI-dairy 

2 Boynton A, Neuhouser ML, Sorensen B,McTiernan A, Ulrich CM. Predictors of 
diet quality among overweight and obese postmenopausal women. J Am Diet 
Assoc.2008 Jan;108(1):125-30. PubMed PMID: 18155998. 

Cross-sectional 
HEI 
DQI 

3 Drewnowski A, Fiddler EC, Dauchet L, Galan P, Hercberg S. Diet quality 
measures and cardiovascular risk factors in France: applying the Healthy Eating 
Index to the SU.VI.MAX study.J Am Coll Nutr. 2009 Feb;28(1):22-9. 
PMID:19571156. 

Cross-sectional 
 
HEI 
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4 
 

Duffy P, Zizza C, Jacoby J, Tayie FA. Diet quality is low among female food 
pantry clients in Eastern Alabama. J Nutr Educ Behav. 2009 Nov-Dec;41(6):414-
9.  PubMed PMID: 19879497. 

Cross-sectional 
 
HEI-2005 

5 Farmer B, Larson BT, Fulgoni VL 3rd, Rainville AJ, Liepa GU. A vegetarian 
dietary pattern as a nutrient-dense approach to weight management: an analysis of 
the national health and nutrition examination survey 1999-2004. J Am Diet Assoc. 
2011 Jun;111(6):819-27. PubMed PMID:21616194. 

Cross-sectional 
 
HEI-2005 
Vegetarian 

6 Fisberg RM, Morimoto JM, Slater B, Barros MB, Carandina L, Goldbaum M, 
deOliveira Latorre Mdo R, César CL. Dietary quality and associated factors 
among adults living in the state of São Paulo, Brazil. J Am Diet Assoc. 2006 
Dec;106(12):2067-72. PubMed PMID:17126640. 

Cross-sectional 
 
HEI  
 

7 Ford ES, Mokdad AH, Liu S. Healthy Eating Index and C-reactive protein 
concentration: findings from the National Health and Nutrition Examination 
Survey III, 1988-1994.Eur J Clin Nutr. 2005 Feb;59(2):278-83. PMID:15494735 

Cross-sectional 
 
HEI 

8 Guo X, Warden BA, Paeratakul S, Bray GA. Healthy Eating Index and obesity. 
Eur J Clin Nutr. 2004 Dec;58(12):1580-6.PMID: 15162130.  

Cross-sectional 
HEI-1995 

9 Huffman FG, Zarini GG, McNamara E, Nagarajan A. The Healthy Eating Index 
and the Alternate Healthy Eating Index as predictors of 10-year CHD risk in 
Cuban Americans with and without type 2 diabetes. Public Health 
Nutr.2011Nov;14(11):2006-14 PubMed PMID: 21729463. 

Cross-sectional 
 
HEI & aHEI 
 

10 Hurley KM, Oberlander SE, Merry BC, Wrobleski MM, Klassen AC, Black MM. 
The healthy eating index and youth healthy eating index are unique, nonredundant 
measures of diet quality among low-income, African American adolescents.J 
Nutr. 2009 Feb;139(2):359-64. PMID:19074210. 

Cross-sectional 
 
Youth HEI (YHEI) 
 

11 Jennings A, Welch A, van Sluijs EM, Griffin SJ, Cassidy A. Diet quality is 
independently associated with weight status in children aged 9-10 years. J Nutr. 
2011 Mar;141(3):453-9. Epub 2011 Jan 26. PubMed PMID: 21270356. 

Cross-sectional 
Diet Quality Index 
(DQI), HEI, and MDS 

12 Jovanović GK, Zezelj SP, Malatestinić D, Sutić IM, Stefanac VN, Dorcić F. Diet 
quality of middle age and older women from Primorsko-Goranska County 
evaluated by healthy eating index and association with body mass index. Coll 
Antropol. 2010 Apr;34 Suppl 2:155-60. PubMed PMID: 21302715. 

Cross-sectional 
 
HEI 
 

13 Kant AK, Graubard BI. 131.A comparison of three dietary pattern indexes for 
predicting biomarkers of diet and disease. J Am Coll Nutr. 2005 Aug;24(4):294-
303. PubMed PMID: 16093407. 

Cross-sectional 
HEI, RFS and Dietary 
Div Score 

14 Keast DR, O'Neil CE, Jones JM. 135.Dried fruit consumption is associated with 
improved diet quality and reduced obesity in US adults: National Health and 
Nutrition Examination Survey, 1999-2004. Nutr Res. 2011 Jun;31(6):460-7. 
PubMedPMID: 21745628. 

Cross-sectional 
 
HEI 2005 

15 Khalil CB, Johnson-Down L, Egeland GM. 138. Emerging obesity and dietary 
habits among James Bay Cree youth. Public Health Nutr. 2010 Nov;13(11):1829-
37. PubMed PMID: 20392310. 

Cross-sectional 
 
HEI  

16 Ledikwe JH, Smiciklas-Wright H, Mitchell DC, Miller CK, Jensen GL. Dietary 
patterns of rural older adults are associated with weight and nutritional status.J 
Am Geriatr Soc. 2004 Apr;52(4):589-95. PubMed PMID: 15066076. 

Cross-sectional 
 
HEI  

17 Previdelli AN, Lipi M, Castro MA, Marchioni DM. Dietary quality and associated 
factors among factory workers in the metropolitan region of São Paulo, Brazil. J 
Am Diet Assoc. 2010 May;110(5):786-90. PubMed PMID: 20430142. 

Cross-sectional study 
“Modified Healthy 
Eating Index”  

18 Schröder H, Mendez MA, Ribas-Barba L, Covas MI, Serra-Majem L. 
Mediterranean diet and waist circumference in a representative national sample of 
young Spaniards.   Int J Pediatr Obes. 2010 Dec;5(6):516-9. Epub 2010 Sep 23. 
PubMed PMID: 20863166. 

Cross-sectional  
 
HEI & MDS 

19 Silva KF, Prata A, Cunha DF. Frequency of metabolic syndrome and the food 
intake patterns in adults living in a rural area of Brazil. Rev Soc Bras Med Trop. 
2011 Jul-Aug;44(4):425-9. PMID:21860887. 

Cross-sectional 
 
HEI  
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20 Tande DL, Magel R, Strand BN.  Healthy Eating Index and abdominal obesity. 
Public Health Nutr. 2010 Feb;13(2):208-14. Epub 2009 Aug 4. PubMed PMID: 
19650960. 

Cross-sectional 
HEI 

21 Tardivo AP, Nahas-Neto J, Nahas EA, Maesta N, Rodrigues MA, Orsatti FL. 
Associations between healthy eating patterns and indicators of metabolic risk in 
postmenopausal women.   Nutr J. 2010 Dec 8;9:64. PubMed PMID: 21143838; 
PubMedCentral PMCID: PMC3004808. 

Cross-sectional 
 
HEI 
 

22 Thacker, R et al. Healthy eating index and anthropometric, inflammatory, and 
lipid markers of cardiovascular risk in u.s. adolescents: Insights NHANES III  
Congenital Heart Disease 2011. 

Cross-sectional 
HEI 

23 Thomson JL, Tussing-Humphreys LM, Onufrak SJ, Zoellner JM, Connell CL, 
Bogle ML, Yadrick K.  A simulation study of the potential effects of healthy food 
and beverage substitutions on diet quality and total energy intake in Lower 
Mississippi Delta adults. J Nutr. 2011 Dec;141(12): 2191-7. Epub 2011 Oct 26.  
PubMed PMID: 22031664. 

Cross-sectional 
 
HEI-2005 
 

24 Thomson JL, Tussing-Humphreys LM, Onufrak SJ, Connell CL, Zoellner JM, 
Bogle ML, Yadrick K.  Simulated reductions in consumption of sugar-sweetened 
beverages improves diet quality in Lower Mississippi Delta adults.   Food Nutr 
Res. 2011;55. PubMed PMID: 22022303; PubMed Central PMCID: 
PMC3198507. 

Cross-sectional 
 
HEI-2005 

25 Wang Y, Jahns L, Tussing-Humphreys L, Xie B, Rockett H, Liang H, Johnson L.  
Dietary intake patterns of low-income urban african-american adolescents. J Am 
Diet Assoc. 2010 Sep;110(9):1340-5. PubMed PMID: 20800126; PubMed Central 
PMCID: PMC2929676. 

Cross-sectional 
 
HEI 

26 Woodruff SJ, Hanning RM, McGoldrick K, Brown KS.  Healthy eating index-C is 
positively associated with family dinner frequency among students in grades 6-8 
from Southern Ontario, Canada.   Eur J Clin Nutr. 2010 May;64(5):454-60. Epub 
2010 Mar 3. PubMed PMID: 20197788. 

Cross-sectional 
 
HEI-C (Canada) 

27 Woodruff SJ, Hanning RM.   Associations between diet quality and physical 
activity measures among a southern Ontario regional sample of grade 6 students. 
Appl Physiol Nutr Metab. 2010 Dec;35(6):826-33. PubMed PMID: 21164554. 

Cross-sectional 
 
HEI-C (Canada) 

28 Woodruff SJ, Hanning RM, Lambraki I, Storey KE, McCargar L.  Healthy Eating 
Index-C is compromised among adolescents with body weight concerns, weight 
loss dieting, and meal skipping.   Body Image. 2008 Dec;5(4):404-8.  

Cross-sectional 
 
HEI-C (Canada) 

Diet Quality Index: 
# Citation Rationale for 
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cardiovascular risk factors in Tehranian adults. Public Health Nutr. 2006 
Sep;9(6):728-36. PubMed PMID: 16925878. 

Cross-sectional 
Dietary Diversity 
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3 Biltoft-Jensen A, Groth MV, Matthiessen J, Wachmann H, Christensen T, Fagt S. 
Diet quality: associations with health messages included in the Danish Dietary 
Guidelines 2005, personal attitudes and social factors. Public Health Nutr. 2009 
Aug;12(8):1165-73. Epub 2008 Sep 15. PubMed PMID: 18789168. 

Cross-sectional 
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4 Kourlaba G, Panagiotakos D. 150. The number of index components affects the 
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Oct;19(10):692-700. Epub 2009 Jun 26. PubMed PMID: 19560370. 
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5 Kranz S, Findeis JL, Shrestha SS. 152. Use of the Revised Children's Diet Quality 
Index to assess preschooler's diet quality, its sociodemographic predictors, and its 
association with body weight status. J Pediatr (Rio J). 2008 Jan-Feb;84(1):26-34. 
PubMed PMID: 18264615. 

Cross-sectional 
 
Revised Children’s 
DQI 

6 Méjean C, Traissac P, Eymard-Duvernay S, El Ati J, Delpeuch F, Maire B. Diet 
quality of North African migrants in France partly explains their lower prevalence 
of diet-related chronic conditions relative to their native French peers. J Nutr. 
2007 Sep;137(9):2106-13. PubMed PMID: 17709450. 

Cross-sectional 
 
DQI – International 

7 Scali, J.; Siari, S.; Richard, A.; Gerber, M.  Food patterns in Mediterranean 
Southern France.Recent research developments in nutrition | 2001 v.4 no. pp.121-
138. 

DQI-Revised 
 

Other Indices: 
# Citation Rationale for 

Exclusion 
1 Azadbakht L, Esmaillzadeh A. Dietary diversity score is related to obesity and 

abdominal adiposity among Iranian female youth. Public Health Nutr. 
2011Jan;14(1):62-9. Epub 2010 Mar 31. PubMed PMID: 20353617. 

Cross-Sectional 
Diet Diversity Score 
(DDS) 

2 Azadbakht L, et al Dietary diversity score is favorably associated with the 
metabolic syndrome in Tehranian adults.Int J Obes (Lond). 2005 
Nov;29(11):1361-7. PMID:16116493 

Cross-sectional 
DDS 

3 Bingham CM, Jallinoja P, Lahti-Koski M, Absetz P, Paturi M, Pihlajamäki H,Sahi 
T, Uutela A. Quality of diet and food choices of Finnish young men: a 
sociodemographic and health behaviour approach. Public Health Nutr. 
2010Jun;13(6A):980-6. PubMed PMID: 20513269. 

Cross-sectional 
Core Food Index (CFI) 
Extra Food Index 
(EFI) 

4 Drogan D, Hoffmann K, Schulz M, Bergmann MM, Boeing H, Weikert C. A food 
pattern predicting prospective weight change is associated with risk of fatal but 
not with nonfatal cardiovascular disease. J Nutr. 2007 Aug;137(8):1961-7. 
PubMed  PMID: 17634271. 

Cross-sectional  
Food Pattern Score 

5 Golley RK, Hendrie GA, McNaughton SA. Scores on the dietary guideline index 
for children and adolescents are associated with nutrient intake and socio-
economic position but not adiposity. J Nutr. 2011 Jul;141(7):1340-7. Epub 2011 
May 25. PubMed PMID: 21613454. 

Cross-sectional 
Dietary Guidelines 
Index Children & 
Adolescents  

6 Høstmark AT. The Oslo Health Study: a Dietary Index estimating high intake of 
soft drinks and low intake of fruits and vegetables was positively associated with 
components of the metabolic syndrome. Appl Physiol Nutr Metab. 2010 
Dec;35(6):816-25. PubMed PMID: 21164553. 

Cross-sectional 
Dietary Index score 
Oslo Health study 
Adults 

7 
 

Lazarou C, Panagiotakos DB, Spanoudis G, Matalas AL. 162. E-KINDEX: a 
dietary screening tool to assess children's obesogenic dietary habits. J Am Coll 
Nutr.2011 Apr;30(2):100-12. PubMed PMID: 21730218. 

Cross-sectional 
Electronic (E-
KINDEX) 
Children, Greece 

8 Massari M, Freeman KM, Seccareccia F, Menotti A, Farchi G; Research Group of 
the RIFLE Project. An index to measure the association between dietary patterns 
and coronary heart disease risk factors: findings from two Italian studies. Prev 
Med. 2004 Oct;39(4):841-7. PubMed PMID: 15351554. 

Cross-sectional 
Italian Risk Factors & 
Life Expectancy 
project 
Dietary index 

9 McNaughton SA, Dunstan DW, Ball K, Shaw J, Crawford D. Dietary quality is 
associated with diabetes and cardio-metabolic risk factors.J Nutr. 2009 
Apr;139(4):734-42. Epub 2009 Feb 11.PMID:19211825 

Cross-sectional 
Australian Diabetes, 
Obesity, Lifestyle 
Index 

10 Heidemann C, Hoffmann K, Spranger J, Klipstein-Grobusch K, Möhlig M, 
Pfeiffer AF, Boeing H; A dietary pattern protective against type 2 diabetes in the 
European Prospective Investigation into Cancer and Nutrition (EPIC)--Potsdam 
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Factor/Cluster Analysis and Reduced Rank Regression 
 
Systematic Review Questions 
• Are prevailing patterns of diet intake  in a population related to body weight or risk of 

obesity? 
o factor analysis, principal component analysis; cluster analysis (FA) 

• What combinations of food  intake explain the most variation in risk of obesity? 
o reduced rank regression; discriminant analysis  (RRR)  

 
Search Results: 
Total Hits:  1,505  
Total Selected:  413 
Total articles excluded in review: 397 
Total articles selected   16 
Total Hand-search articles:  1 
Total articles included:  17  
 
Databases Searched: 

Search date: January 2012; update August 2012  
Date range: No limits 

 
A. PubMed:  

Search Terms: 
(“Principal component analysis”[tiab] OR “Factor analysis”[tiab] OR “Cluster analysis”[tiab] 
OR “rank regression”[tiab] OR “Discriminant analysis”[tiab] OR "Cluster Analysis"[Mesh] 
OR  "Factor Analysis, Statistical"[Mesh] OR "Principal Component Analysis"[Mesh] OR 
"Discriminant Analysis"[Mesh] OR "Regression Analysis"[Mesh])  AND ("Body Weights 
and Measures"[Mesh] OR “body weight”[mh] OR “body weight”[tiab] OR obesity[tiab] or 
obesity[mh] OR overweight[tiab] OR overweight[mh] OR "Body Composition"[Mesh] OR 
“body fat”[tiab] OR adipos*[tiab] OR weight[tiab] OR waist[tiab]) AND (“diet quality” OR 
dietary[tiab] OR nutrient* OR eating[tiab] OR food[tiab] OR diet[tiab] OR diet[mh]) AND 
(pattern* OR habit* OR Mediterranean[tiab] OR DASH OR (dietary approaches to stop 
hypertension) OR vegan* OR vegetarian* OR "Diet, Vegetarian"[Mesh])  Limit Eng/hum 

 
B. Embase: 

Search Terms:  
'body weight'/exp OR 'adipose tissue'/exp OR 'skinfold thickness'/exp OR  'body mass'/exp 
OR 'waist hip ratio'/exp OR ‘body fat’/exp OR ‘body fat distribution’/exp OR 'waist 
circumference'/exp OR overweight:ab,ti OR 'body mass index':ab,ti) AND (“diet quality” OR 
dietary:ab,ti OR nutrient*:ab,ti OR eating:ab,ti OR food:ab,ti OR diet:ab,ti OR 'eating 
habit'/exp) AND (pattern? OR habit?:ab,ti OR Mediterranean:ab,ti OR DASH OR ‘dietary 
approaches to stop hypertension’:ti,ab OR vegan*:ab,ti OR vegetarian*:ab,ti 
OR  vegan*:ab,ti OR vegetarian*:ti,ab OR 'vegetarian diet'/exp OR  'vegetarian'/exp) AND 
(“Principal component analysis”:ab,ti OR “Factor analysis”:ab,ti OR “Cluster analysis”:ab,ti 
OR “rank regression”:ab,ti OR “Discriminant analysis”:ab,ti OR 'cluster analysis'/exp 
OR  'factorial analysis'/exp OR 'principal component analysis'/exp OR 'discriminant 
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analysis'/exp OR 'regression analysis'/exp)  (Limit to Embase alone without Medline; 
eng/hum; articles & reviews) 

 
C. Navigator (FSTA/CAB Abstracts/BIOSIS): 

Search Terms:  (“body weight” or title:obesity or abstract:obesity or overweight or adiposity 
or “body fat” or adipos*) and (nutrient* or eating or food or diet? or dietary) and (“principal 
component analysis” or “factor analysis” or “cluster analysis” or “rank regression” or 
“discriminant analysis”) -database:medline -(database:zoor OR database:agris) -
database:Agricola 3; none humans 

 
D. Cochrane: 

Search Terms:  
(“body weight” OR obesity:ti,kw,ab OR overweight:ti,kw,ab) AND (“Principal component 
analysis” OR “Factor analysis” OR “Cluster analysis” OR “rank regression” OR 
“Discriminant analysis”) AND (“diet quality” OR dietary:ti,ab,kw OR nutrient*:ti,kw,ab OR 
eating:ti,kw,ab OR food:ti,kw,ab OR diet:ti,ab,kw) NOT (("accession number" near pubmed) 
OR ("accession number" near2 embase)) 
Imported into EndNote folder:- None 
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Figure F.2.  Flow chart of literature search results for studies examining the 
relationship between dietary patterns derived using factor and cluster 
analysis and reduced rank regression and risk of obesity 
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INCLUDED ARTICLES 
 
Factor/Cluster Analysis 
 
1. Boggs DA, Palmer JR, Spiegelman D, Stampfer MJ, Adams-Campbell LL, Rosenberg L. 

Dietary patterns and 14-y weight gain in African American women.  Am J Clin Nutr. 2011 
Jul;94(1):86-94. Epub 2011 May 18. PMID: 21593501 

2. Duffey KJ, Steffen LM, Van Horn L, Jacobs DR Jr, Popkin BM.  Dietary patterns matter: 
diet beverages and cardiometabolic risks in the longitudinal Coronary Artery Risk 
Development in Young Adults (CARDIA) Study.  Am J Clin Nutr. 2012 Apr;95(4):909-15. 
Epub 2012 Feb 29. PMID: 22378729 

3. Hosseini-Esfahani F, Djazaieri SA, Mirmiran P, Mehrabi Y, Azizi F. Which Food Patterns 
Are Predictors of Obesity in Tehranian Adults?  J Nutr Educ Behav. 2011 Jun 7. [Epub ahead 
of print] PMID: 21652267 

4. McNaughton SA, Mishra GD, Stephen AM, Wadsworth ME. Dietary patterns throughout 
adult life are associated with body mass index, waist circumference, blood pressure, and red 
cell folate. J Nutr. 2007 Jan;137(1):99-105. PubMed PMID: 17182808 

5. Newby PK, Weismayer C, Akesson A, Tucker KL, Wolk A. Longitudinal changes in food 
patterns predict changes in weight and body mass index and the effects are greatest in obese 
women.  J Nutr. 2006 Oct;136(10):2580-7. PMID: 16988130 

6. Newby PK, Muller D, Hallfrisch J, Andres R, Tucker KL. Food patterns measured by factor 
analysis and anthropometric changes in adults.  Am J Clin Nutr. 2004 Aug;80(2):504-13. 
PMID: 15277177 

7. Newby PK, Muller D, Hallfrisch J, Qiao N, Andres R, Tucker KL. Dietary patterns and 
changes in body mass index and waist circumference in adults.  Am J Clin Nutr. 2003 
Jun;77(6):1417-25. PMID: 12791618 

8. Quatromoni PA, Copenhafer DL, D'Agostino RB, Millen BE. Dietary patterns predict the 
development of overweight in women: The Framingham Nutrition Studies.  J Am Diet 
Assoc. 2002 Sep;102(9):1239-46. PMID: 12792620 

9. Ritchie LD, Spector P, Stevens MJ, Schmidt MM, Schreiber GB, Striegel-Moore RH, Wang 
MC, Crawford PB. Dietary patterns in adolescence are related to adiposity in young 
adulthood in black and white females.  J Nutr. 2007 Feb;137(2):399-406. PMID: 17237318 

10. Schulze MB, Fung TT, Manson JE, Willett WC, Hu FB. Dietary patterns and changes in 
body weight in women.  Obesity (Silver Spring). 2006 Aug;14(8):1444-53. PMID: 16988088 

11. Togo P, Osler M, Sørensen TI, Heitmann BL. A longitudinal study of food intake patterns 
and obesity in adult Danish men and women.  Int J Obes Relat Metab Disord. 2004 
Apr;28(4):583-93. PMID: 14770197 
 

Reduced Rank Regression 
 
1. Ambrosini DL, Emmett PM,Northstone K, Howe LD, Tilling K and Jebb SA. Identification 

of a dietary pattern prospectively associated with increased adiposity during childhood and 
adolescence. International Journal of Obesity (2012) 36, 1299–1305; 
doi:10.1038/ijo.2012.127; published online 7 August 2012 Open 
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Does not evaluate dietary patterns 
(related to AHA recommendations 
and CVD)) 
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Cross-sectional analysis 
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Does not address the question 
(related to the Mediterranean diet and 
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Cross-sectional analysis 
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Cross-sectional analysis 
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Publica Mex. 2011 Mar-Apr;53(2):152-9. PMID: 21537806. 

Does not address the question 
(related to mealtime habits) 

68.  Drogan D, Hoffmann K, Schulz M, Bergmann MM, Boeing H, 
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Does not include body weight as an 
outcome (related to CVD and a food 
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69.  Dugee O, Khor GL, Lye MS, Luvsannyam L, Janchiv O, Jamyan B, 
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40. PMID: 19786392.  
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human-development country 

70.  Dwyer JT, Evans M, Stone EJ, Feldman HA, Lytle L, Hoelscher D, 
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Diet Assoc. 2001 Jul;101(7):798-802. No abstract available. PMID: 
11478479. 

Does not meet inclusion criteria for 
methodology 
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Does not meet inclusion criteria for 
methodology (systematic review of 
RCTs; related to CVD) 
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Denmark.  Public Health Nutr. 2009 Sep;12(9):1519-30. Epub 2009 
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Cross-sectional analysis 
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but not to inflammatory markers in Alaska Eskimos.  J Nutr. 2009 
Dec;139(12):2322-8. Epub 2009 Oct 14. PMID: 19828690. 

Does not include body weight as an 
outcome (cross-sectional analysis of 
CVD risk factors) 

74.  Engeset D, Alsaker E, Ciampi A, Lund E. Dietary patterns and 
lifestyle factors in the Norwegian EPIC cohort: the Norwegian 
Women and Cancer (NOWAC) study.  Eur J Clin Nutr. 2005 
May;59(5):675-84. PMID: 15785773. 

Does not include body weight as an 
outcome (cross-sectional analysis of 
lifestyle factors) 

75.  Erber E, Hopping BN, Grandinetti A, Park SY, Kolonel LN, 
Maskarinec G. Dietary patterns and risk for diabetes: the multiethnic 
cohort.  Diabetes Care. 2010 Mar;33(3):532-8. Epub 2009 Dec 10. 
PMID: 20007939. 

Does not include body weight as an 
outcome (related to dietary patterns 
and risk for diabetes) 

76.  Esmaillzadeh A, Azadbakht L. J Major dietary patterns in relation to 
general obesity and central adiposity among Iranian women.  Nutr. 
2008 Feb;138(2):358-63. PMID: 18203904. 

Cross-sectional analysis 

77.  Esmaillzadeh A, Kimiagar M, Mehrabi Y, Azadbakht L, Hu FB, 
Willett WC. Dietary patterns and markers of systemic inflammation 
among Iranian women.  J Nutr. 2007 Apr;137(4):992-8. PMID: 
17374666. 

Does not include body weight as an 
outcome (related to CRP) 

78.  Esmaillzadeh A, Kimiagar M, Mehrabi Y, Azadbakht L, Hu FB, 
Willett WC. Dietary patterns, insulin resistance, and prevalence of the 
metabolic syndrome in women.  Am J Clin Nutr. 2007 
Mar;85(3):910-8. PMID: 17344515. 
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Giugliano D. Effects of a Mediterranean-style diet on the need for 
antihyperglycemic drug therapy in patients with newly diagnosed type 
2 diabetes: a randomized trial.  Ann Intern Med. 2009 Sep 
1;151(5):306-14. Erratum in: Ann Intern Med. 2009 Oct 
20;151(8):591.  PMID: 19721018. 

Participants diagnosed with T2D 
(compared 2 diets) 
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Epub 2009 Mar 15. PMID: 19289389. 

Does not include body weight as an 
outcome (related to dietary fiber and 
CVD) 
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KJ, Clark LT, Hurster MM. Coronary disease risk factor reduction 
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Does not include body weight as an 
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and CVD) 

83.  Feskens EJ, Bowles CH, Kromhout D. Inverse association between 
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men and women. Diabetes Care. 1991 Nov;14(11):935-41. PMID: 
1797505. 

Does not meet inclusion criteria for 
methodology (related to fish intake 
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84.  Festi D, Scaioli E, Baldi F, Vestito A, Pasqui F, Di Biase AR, 
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gastroesophageal reflux disease.  World J Gastroenterol. 2009 Apr 
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Does not meet inclusion criteria for 
methodology (related to gastro- 
esophageal/reflux disease) 

85.  Fezeu L, Andreeva VA, Hercberg S, Kengne AP, Czernichow S, 
Kesse-Guyot E. Association between dietary scores and 13-year 
weight change and obesity risk in a French prospective cohort. Int J 
Obes (Lond). 2012 Jan 17. doi: 10.1038/ijo.2011.264. [Epub ahead of 
print] PubMed PMID: 22249228. 

Does not include body weight as an 
outcome (related to bone mineral 
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Mar;7(3):1121-38. Epub 2010 Mar 17. PMID: 20617022 

Cross-sectional analysis  
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228.  Mozaffarian D, Hao T, Rimm EB, Willett WC, Hu FB. Changes in 
diet and lifestyle and long-term weight gain in women and men.  N 
Engl J Med. 2011 Jun 23;364(25):2392-404. PMID: 21696306 

Does not meet inclusion criteria for 
methodology 

229.  Mullie P, Aerenhouts D, Clarys P. Demographic, socioeconomic and 
nutritional determinants of daily versus non-daily sugar-sweetened 
and artificially sweetened beverage consumption.  Eur J Clin Nutr. 
2012 Feb;66(2):150-5. doi: 10.1038/ejcn.2011.138. Epub 2011 Aug 
10. PMID: 21829215 

Does not include body weight as an 
outcome 

230.  Muñoz MA, Fíto M, Marrugat J, Covas MI, Schröder H; REGICOR 
and HERMES investigators. Adherence to the Mediterranean diet is 
associated with better mental and physical health.  Br J Nutr. 2009 
Jun;101(12):1821-7. Epub 2008 Dec 15. PMID: 19079848 

Does not include body weight as an 
outcome 

231.  Murtaugh MA, Herrick JS, Sweeney C, Baumgartner KB, Guiliano 
AR, Byers T, Slattery ML. Diet composition and risk of overweight 
and obesity in women living in the southwestern United States.  J Am 
Diet Assoc. 2007 Aug;107(8):1311-21. PMID: 17659896 

Cross-sectional analysis  

232.  Muti P, Trevisan M, Panico S, Micheli A, Celentano E, Freudenheim 
JL, Berrino F. Body fat distribution, peripheral indicators of 
androgenic activity, and blood pressure in women.  Ann Epidemiol. 
1996 May;6(3):181-7. PMID: 8827152 

Does not address the question 
(related to body far distribution and 
BP) 

233.  Naja F, Nasreddine L, Itani L, Chamieh MC, Adra N, Sibai AM, 
Hwalla N. Dietary patterns and their association with obesity and 
sociodemographic factors in a national sample of Lebanese adults.  
Public Health Nutr. 2011 Sep;14(9):1570-8. Epub 2011 May 4. 
PMID: 21557871 

Cross-sectional analysis  

234.  Nakade M, Lee JS, Kawakubo K, Amano Y, Mori K, Akabayashi A. 
Correlation between food intake change patterns and body weight loss 
in middle-aged women in Japan. Obesity Research and Clinical 
Practice. 2007 1;2:79-89. 

Non-controlled trial.  Individuals 
received dietary advice to reduce 
energy intake to 1600 Kcal. 

235.  Nakade M, Lee JS, Kawakubo K, Kondo K, Mori K, Akabayashi A. 
Changes in food intake patterns associated with body weight loss 
during a 12-week health promotion program and a 9-month follow-up 
period in a Japanese population. Obesity Research and Clinical 
Practice. 2009 3;2:85-98 

Non-controlled trial. 

236.  Nettleton JA, Polak JF, Tracy R, Burke GL, Jacobs DR Jr. Dietary 
patterns and incident cardiovascular disease in the Multi-Ethnic Study 
of Atherosclerosis.  Am J Clin Nutr. 2009 Sep;90(3):647-54. Epub 
2009 Jul 22. PMID: 19625679 

Cross-sectional analysis (measured 
waist circumference) 

237.  Nettleton JA, Schulze MB, Jiang R, Jenny NS, Burke GL, Jacobs DR 
Jr. A priori-defined dietary patterns and markers of cardiovascular 
disease risk in the Multi-Ethnic Study of Atherosclerosis (MESA).  
Am J Clin Nutr. 2008 Jul;88(1):185-94. PMID: 18614740 

Does not include body weight as an 
outcome (rank analysis related to 
CVD) 

238.  Nettleton JA, Steffen LM, Mayer-Davis EJ, Jenny NS, Jiang R, 
Herrington DM, Jacobs DR Jr. Dietary patterns are associated with 
biochemical markers of inflammation and endothelial activation in the 
Multi-Ethnic Study of Atherosclerosis (MESA).  Am J Clin Nutr. 
2006 Jun;83(6):1369-79. PMID: 16762949 

Does not include body weight as an 
outcome 

239.  Neutzling MB, Taddei JA, Gigante DP. Risk factors of obesity among 
Brazilian adolescents: a case-control study.  Public Health Nutr. 2003 
Dec;6(8):743-9. PMID: 14641944 

Does not meet inclusion criteria for 
methodology 

240.  Newby PK, Tucker KL, Wolk A. Risk of overweight and obesity 
among semivegetarian, lactovegetarian, and vegan women.  Am J 
Clin Nutr. 2005 Jun;81(6):1267-74. PMID: 15941875 

Does not meet inclusion criteria for 
methodology (cross-sectional 
analysis related to vegetarian diets) 
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241.  Nicholson AS, Sklar M, Barnard ND, Gore S, Sullivan R, Browning 
S. Toward improved management of NIDDM: A randomized, 
controlled, pilot intervention using a lowfat, vegetarian diet.  Prev 
Med. 1999 Aug;29(2):87-91. PMID: 10446033 

Does not meet inclusion criteria for 
methodology (RCT using a low fat, 
vegetarian diet) 

242.  Nicklas TA, Morales M, Linares A, Yang SJ, Baranowski T, De Moor 
C, Berenson G.  Children's meal patterns have changed over a 21-year 
period: the Bogalusa Heart Study.  J Am Diet Assoc. 2004 
May;104(5):753-61. PMID: 15127060 

Does not meet inclusion criteria for 
methodology (data from 7 cross-
sectional surveys) 

243.  Noel SE, Newby PK, Ordovas JM, Tucker KL. A traditional rice and 
beans pattern is associated with metabolic syndrome in Puerto Rican 
older adults.  J Nutr. 2009 Jul;139(7):1360-7. Epub 2009 May 20. 
PMID: 19458029 

Cross-sectional analysis 

244.  Noel SE, Newby PK, Ordovas JM, Tucker KL. Adherence to an (n-3) 
fatty acid/fish intake pattern is inversely associated with metabolic 
syndrome among Puerto Rican adults in the Greater Boston area.  J 
Nutr. 2010 Oct;140(10):1846-54. Epub 2010 Aug 11. PMID: 
20702744 

Does not meet inclusion criteria for 
methodology (related to fatty acids 
and metabolic syndrome) 

245.  Northstone K, Emmett P, Rogers I. Dietary patterns in pregnancy and 
associations with socio-demographic and lifestyle factors.  Eur J Clin 
Nutr. 2008 Apr;62(4):471-9. Epub 2007 Mar 21. PMID: 17375108 

Participants are pregnant 

246.  Northstone K, Ness AR, Emmett PM, Rogers IS. Adjusting for energy 
intake in dietary pattern investigations using principal components 
analysis.  Eur J Clin Nutr. 2008 Jul;62(7):931-8. Epub 2007 May 16. 
PMID: 17522611 

Participants are pregnant 

247.  Nowson CA, Wattanapenpaiboon N, Pachett A. Low-sodium Dietary 
Approaches to Stop Hypertension-type diet including lean red meat 
lowers blood pressure in postmenopausal women.  Nutr Res. 2009 
Jan;29(1):8-18. PMID: 19185772 

Does not meet inclusion criteria for 
methodology [RCT comparing 2 
diets (DASH)] 

248.  Obarzanek E, Sacks FM, Vollmer WM, Bray GA, Miller ER 3rd, Lin 
PH, Karanja NM, Most-Windhauser MM, Moore TJ, Swain JF, Bales 
CW, Proschan MA; DASH Research Group. Effects on blood lipids 
of a blood pressure-lowering diet: the Dietary Approaches to Stop 
Hypertension (DASH) Trial.  Am J Clin Nutr. 2001 Jul;74(1):80-9. 
PMID: 11451721 

Does not meet inclusion criteria for 
methodology (RCT related to blood 
lipids and DASH diet) 

249.  O'Doherty MG, Skidmore PM, Young IS, McKinley MC, Cardwell C, 
Yarnell JW, Gey FK, Evans A, Woodside JV. Dietary patterns and 
smoking in Northern Irish men: a population at high risk of coronary 
heart disease. Int J Vitam Nutr Res. 2011 Jan;81(1):21-33. PubMed 
PMID: 22002215. 

Does not meet inclusion criteria for 
methodology (related to dietary 
scores) 

250.  Oellingrath IM, Svendsen MV, Brantsaeter AL. Eating patterns and 
overweight in 9- to 10-year-old children in Telemark County, 
Norway: a cross-sectional study.  Eur J Clin Nutr. 2010 
Nov;64(11):1272-9. Epub 2010 Aug 18. PMID: 20717128 

Cross-sectional analysis 

251.  Oellingrath IM, Svendsen MV, Brantsaeter AL. Tracking of eating 
patterns and overweight - a follow-up study of Norwegian 
schoolchildren from middle childhood to early adolescence. Nutr J. 
2011 Oct 6;10:106. PubMed PMID: 21978299; PubMed Central 
PMCID: PMC3200168. 

Does not include body weight as an 
outcome (related to smoking) 

252.  Ohmura S, Moji K, Aoyagi K, Yoshimi I, Yahata Y, Takemoto T, 
Iwai N, Yoshiike N, Date C, Tanaka H. Body mass index, physical 
activity, dietary intake, serum lipids and blood pressure of middle-
aged Japanese women living in a community in the Goto archipelago.  
J Physiol Anthropol Appl Human Sci. 2002 Jan;21(1):21-8. PMID: 
11938606 

Does not meet inclusion criteria for 
methodology (cross-sectional 
analysis) 
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253.  Okubo H, Miyake Y, Sasaki S, Tanaka K, Murakami K, Hirota Y; 
Osaka Maternal and Child Health Study Group. Maternal dietary 
patterns in pregnancy and fetal growth in Japan: the Osaka Maternal 
and Child Health Study.  Br J Nutr. 2011 Sep 20:1-8. [Epub ahead of 
print] PMID: 21929833 

Patients were pregnant  

254.  Okubo H, Sasaki S, Murakami K, Kim MK, Takahashi Y, Hosoi Y, 
Itabashi M; Freshmen in Dietetic Courses Study II group. Three major 
dietary patterns are all independently related to the risk of obesity 
among 3760 Japanese women aged 18-20 years.  Int J Obes (Lond). 
2008 Mar;32(3):541-9. Epub 2007 Sep 25. PMID: 17895884 

Cross-sectional analysis 

255.  O'Neil CE, Nicklas TA, Kleinman R. Relationship between 100% 
juice consumption and nutrient intake and weight of adolescents.  Am 
J Health Promot. 2010 Mar-Apr;24(4):231-7. Erratum in: Am J 
Health Promot. 2010 May-Jun;24(5):368.  PMID: 20232604 

Does not meet inclusion criteria for 
methodology (cross-sectional 
analysis) 

256.  Osler M, Heitmann BL, Gerdes LU, Jørgensen LM, Schroll M. 
Dietary patterns and mortality in Danish men and women: a 
prospective observational study.  Br J Nutr. 2001 Feb;85(2):219-25. 
PMID: 11242490 

Does not include body weight as an 
outcome 

257.  Osler M, Heitmann BL, Høidrup S, Jørgensen LM, Schroll M. Food 
intake patterns, self rated health and mortality in Danish men and 
women. A prospective observational study.  J Epidemiol Community 
Health. 2001 Jun;55(6):399-403. PMID: 11350996 

Does not address the question 
(evaluated dietary patterns and self 
rated health) 

258.  Osler M, Helms Andreasen A, Heitmann B, Høidrup S, Gerdes U, 
Mørch Jørgensen L, Schroll M. Food intake patterns and risk of 
coronary heart disease: a prospective cohort study examining the use 
of traditional scoring techniques.  Eur J Clin Nutr. 2002 
Jul;56(7):568-74. PMID: 12080395 

Does not include body weight as an 
outcome 

259.  Ottevaere C, Huybrechts I, Benser J, De Bourdeaudhuij I, Cuenca-
Garcia M, Dallongeville J, Zaccaria M, Gottrand F, Kersting M, Rey-
López JP, Manios Y, Molnár D, Moreno LA, Smpokos E, Widhalm 
K, De Henauw S; HELENA Study Group. Clustering patterns of 
physical activity, sedentary and dietary behavior among European 
adolescents: The HELENA study.  BMC Public Health. 2011 May 
17;11:328. PMID: 21586158 

Does not include body weight as an 
outcome 

260.  Pachucki MA. Food pattern analysis over time: unhealthful eating 
trajectories predict obesity. Int J Obes (Lond). 2011 Jul 26. doi: 
10.1038/ijo.2011.133. [Epub ahead of print] PubMed PMID: 
21792169; PubMed Central PMCID: PMC3212637. 

Does not meet inclusion criteria for 
methodology 

261.  Pala V, Sieri S, Masala G, Palli D, Panico S, Vineis P, Sacerdote C, 
Mattiello A, Galasso R, Salvini S, Ceroti M, Berrino F, Fusconi E, 
Tumino R, Frasca G, Riboli E, Trichopoulou A, Baibas N, Krogh V. 
Associations between dietary pattern and lifestyle, anthropometry and 
other health indicators in the elderly participants of the EPIC-Italy 
cohort.  Nutr Metab Cardiovasc Dis. 2006 Apr;16(3):186-201. Epub 
2006 Feb 17. PMID: 16580586 

Cross-sectional analysis 

262.  Panagiotakos DB, Pitsavos C, Skoumas Y, Stefanadis C. The 
association between food patterns and the metabolic syndrome using 
principal components analysis: The ATTICA Study.  J Am Diet 
Assoc. 2007 Jun;107(6):979-87; quiz 997. PMID: 17524719 

Cross-sectional analysis 

263.  Panagiotakos DB, Rallidis LS, Katsiotis E, Pitsavos  C, Stefanadis C, 
Kremastinos DT. Background dietary habits are strongly associated 
with the development of myocardial infarction at young ages: A case-
control study. e-SPEN. 2008 3;6:e328-e334. 

Does not meet inclusion criteria for 
methodology 
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264.  Paniagua JA, de la Sacristana AG, Sánchez E, Romero I, Vidal-Puig 
A, Berral FJ, Escribano A, Moyano MJ, Peréz-Martinez P, López-
Miranda J, Pérez-Jiménez F. A MUFA-rich diet improves posprandial 
glucose, lipid and GLP-1 responses in insulin-resistant subjects.  J 
Am Coll Nutr. 2007 Oct;26(5):434-44. PMID: 17914131 

Participants are obese and diagnosed 
with T2D 

265.  Paoli A, Cenci L, Grimaldi KA. Effect of ketogenic Mediterranean 
diet with phytoextracts and low carbohydrates/high-protein meals on 
weight, cardiovascular risk factors, body composition and diet 
compliance in Italian council employees.  Nutr J. 2011 Oct 12;10:112. 
PMID: 21992535 

Does not address the question (study 
of a ketogenic Mediterranean diet) 

266.  Paradis AM, Godin G, Pérusse L, Vohl MC. Associations between 
dietary patterns and obesity phenotypes.  Int J Obes (Lond). 2009 
Dec;33(12):1419-26. Epub . PMID: 19736556 

Cross-sectional analysis 

267.  Paradis AM, Pérusse L, Vohl MC. Dietary patterns and associated 
lifestyles in individuals with and without familial history of obesity: a 
cross-sectional study.  Int J Behav Nutr Phys Act. 2006 Oct 31;3:38. 
PMID: 17076904 

Cross-sectional analysis 

268.  Paradis AM, Pérusse L, Vohl MC. Dietary patterns and associated 
lifestyles in individuals with and without familial history of obesity: a 
cross-sectional study. Int J Behav Nutr Phys Act. 2006 Oct 31;3:38. 
PubMed PMID: 17076904; PubMed Central PMCID: PMC1635721. 

Cross-sectional analysis 

269.  Park SY, Murphy SP, Wilkens LR, Yamamoto JF, Sharma S, Hankin 
JH, Henderson BE, Kolonel LN. Dietary patterns using the Food 
Guide Pyramid groups are associated with sociodemographic and 
lifestyle factors: the multiethnic cohort study.  J Nutr. 2005 
Apr;135(4):843-9. PMID: 15795445 

Cross-sectional analysis 

270.  Pearcey SM, de Castro JM. Food intake and meal patterns of weight-
stable and weight-gaining persons.  Am J Clin Nutr. 2002 
Jul;76(1):107-12. PMID: 12081823 

Does not meet inclusion criteria for 
methodology 

271.  Pedone C, Napoli N, Pozzilli P, Rossi FF, Lauretani F, Bandinelli S, 
Ferrucci L, Antonelli-Incalzi R. Dietary pattern and bone density 
changes in elderly women: a longitudinal study.  J Am Coll Nutr. 
2011 Apr;30(2):149-54. PMID: 21730223 

Does not include body weight as an 
outcome (measured bone density) 

272.  Pérez-Jiménez F, López-Miranda J, Pinillos MD, Gómez P, Paz-Rojas 
E, Montilla P, Marín C, Velasco MJ, Blanco-Molina A, Jiménez 
Perepérez JA, Ordovás JM. A Mediterranean and a high-carbohydrate 
diet improve glucose metabolism in healthy young persons.  
Diabetologia. 2001 Nov;44(11):2038-43. PMID: 11719836 

Does not meet inclusion criteria for 
methodology; does not include body 
weight as an outcome 

273.  Persson LA. Dietary habits and health risks in Swedish children.  
Hum Nutr Clin Nutr. 1984 Jul;38(4):287-97. PMID: 6469706 
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approaches to stop hypertension’:ti,ab OR vegan*:ab,ti OR vegetarian*:ab,ti OR 'vegetarian 
diet'/exp OR  'vegetarian'/exp OR ‘prudent diet’:ti,ab OR ‘western diet’:ti,ab OR 
omniheart:ti,ab OR omni:ti OR ‘plant based diet’) (limit to Embase only) 
 
('body weight'/exp OR 'adipose tissue'/exp OR 'skinfold thickness'/exp OR  'body mass'/exp 
OR 'waist hip ratio'/exp OR ‘body fat’/exp OR ‘body fat distribution’/exp OR 'waist 
circumference'/exp OR overweight:ab,ti OR 'body mass index':ab,ti) AND  
 
(((dietary OR eating OR food OR diet) NEAR/2 (pattern? OR habit?)):ab,ti)  OR 
 
('ethnic, racial and religious groups'/exp  AND (diet/exp OR eating/exp OR 'food intake'/de)) 
 
Limits Eng/hum; article or article in press; Embase only (i.e. NOT Medline) 

 
C. Navigator (FSTA/CAB Abstracts/BIOSIS):  

 (“body weight” or title:obesity or abstract:obesity or overweight or adiposity or “body fat” 
or “body mass” or bmi or title:weight or “metabolic syndrome”) and ((Diet or dietary or 
eating or food) NEAR/3 (pattern* or profile* or habit* or guideline* or recommendation*)) -
database:medline (doc-type:Articles OR doc-type:Reviews) language:English -
(database:zoor OR database:ffab OR database:wesw) 
 
(“body weight” or title:obesity or abstract:obesity or overweight or adiposity or “body fat” or 
“body mass” or bmi or title:weight or “metabolic syndrome”) and ((dietary approaches to 
stop hypertension) or vegan* or vegetarian* or “prudent diet” or “western diet” or omniheart 
or "Optimal Macronutrient Intake Trial to Prevent Heart Disease" or ((Okinawa* or asia* or 
Chinese or japan* or Hispanic* or ethnic or “plant based” or title:omni or title:Mediterranean 
or DASH) NEAR/3 (title:diet* or abstract:diet*))) -database:medline doc-type:Articles 
language:English 
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Figure F.3. Flow chart of literature search results for studies examining the effects of 
dietary patterns on body weight 
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Development Index (HDI) 

261.  Hung KC, Pei D, Kuo HJ, Chen TH, Lin CH, Wu CZ, et al. The 
comparison of the metabolic syndrome between Chinese vegetarians 
and omnivores. Diabetes and Metabolic Syndrome: Clinical Research 
and Reviews. 2008;2(2):99-104 

Taiwan/China is classified 
as “medium” on Human 
Development Index (HDI) 

262.  Hurley KM, Oberlander SE, Merry BC, Wrobleski MM, Klassen AC, 
Black MM.  The healthy eating index and youth healthy eating index 
are unique, nonredundant measures of diet quality among low-income, 
African American adolescents.  J Nutr. 2009 Feb;139(2):359-64. Epub 
2008 Dec 11. PMID: 19074210 

Cross-sectional  
 

263.  Inelmen EM, Toffanello ED, Enzi G, Sergi G, Coin A, Busetto L, 
Manzato E.  Differences in dietary patterns between older and younger 
obese and overweight outpatients.  J Nutr Health Aging. 2008 
Jan;12(1):3-8. PMID: 18165838 
 

Cross-sectional  
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264.  Isacco L, Lazaar N, Ratel S, Thivel D, Aucouturier J, Doré E, Meyer M, 
Duché P.  The impact of eating habits on anthropometric characteristics 
in French primary school children.  Child Care Health Dev. 2010 
Nov;36(6):835-42. doi: 10.1111/j.1365-2214.2010.01113.x. PMID: 
20645994 

Cross-sectional  
 

265.  Issa C, Darmon N, Salameh P, Maillot M, Batal M, Lairon D.  A 
Mediterranean diet pattern with low consumption of liquid sweets and 
refined cereals is negatively associated with adiposity in adults from 
rural Lebanon.  Int J Obes (Lond). 2011 Feb;35(2):251-8. Epub 2010 Jul 
6. PMID: 20603626 

Independent variables are 
sweets and cereals 

266.  Itsiopoulos C, Brazionis L, Kaimakamis M, Cameron M, Best JD, 
O'Dea K, Rowley K.  Can the Mediterranean diet lower HbA1c in type 
2 diabetes? Results from a randomized cross-over study.  Nutr Metab 
Cardiovasc Dis. 2011 Sep;21(9):740-7. Epub 2010 Jul 31. PMID: 
20674309 

Insufficient sample size 
<30 (n=27) 

267.  Jacobs DR Jr, Sluik D, Rokling-Andersen MH, Anderssen SA, Drevon 
CA.  Association of 1-y changes in diet pattern with cardiovascular 
disease risk factors and adipokines: results from the 1-y randomized 
Oslo Diet and Exercise Study.  Am J Clin Nutr. 2009 Feb;89(2):509-17. 
Epub 2008 Dec 30. PMID: 19116328 

Study included in 
index/score question 
 

268.  Jacobs N, De Bourdeaudhuij I, Thijs H, Dendale P, Claes N.  Effect of a 
cardiovascular prevention program on health behavior and BMI in 
highly educated adults: a randomized controlled trial.  Patient Educ 
Couns. 2011 Oct;85(1):122-6. doi: 10.1016/j.pec.2010.08.024. Epub 
2010 Oct 2. PMID: 20888728 

Does not examine 
relationship between 
dietary patterns and body 
weight measure 

269.  Jago R, Baranowski T, Buse J, Edelstein S, Galassetti P, Harrell J, 
Kaufman F, Linder B, Pham T, Kaufman FR, Baranowski T, 
Baranowski J, Canada A, Cullen K, Jago R, Missaghian M, Thompson 
D, Thompson V, Walker B, Cooper DM, Bassin S, Blackler K, Culler F, 
Ford D, Galassetti P, Harrell J, McMurray RG, Buse J, Morris MA, 
Kirby K, Hirst K, Edelstein S, El ghormli L, Grau S, Pham T, Pyle L, 
Linder B, Goran M, Resnicow K. Studies to Treat or Prevent Pediatric 
Type 2 Diabetes Prevention Study Group.  Prevalence of the metabolic 
syndrome among a racially/ethnically diverse group of U.S. eighth-
grade adolescents and associations with fasting insulin and homeostasis 
model assessment of insulin resistance levels.  Diabetes Care. 2008 
Oct;31(10):2020-5. Epub 2008 Jun 30. PMID: 18591405 

Cross-sectional 

270.  Janssen I, Katzmarzyk PT, Boyce WF, Vereecken C, Mulvihill C, 
Roberts C, Currie C, Pickett W; Health Behaviour in School-Aged 
Children Obesity Working Group.  Comparison of overweight and 
obesity prevalence in school-aged youth from 34 countries and their 
relationships with physical activity and dietary patterns.  Obes Rev. 
2005 May;6(2):123-32. Review. PMID: 15836463 

Systematic review 
 

271.  Jarvandi S, Gougeon R, Bader A, Dasgupta K.  Differences in food 
intake among obese and nonobese women and men with type 2 diabetes.  
J Am Coll Nutr. 2011 Aug;30(4):225-32. PMID: 21917702 

Did not assess dietary 
patterns as defined for this 
project  

272.  Jasti S, Lee CH, Doak C.  Gender, acculturation, food patterns, and 
overweight in Korean immigrants.  Am J Health Behav. 2011 
Nov;35(6):734-45. PMID: 22251764 

Cross-sectional  
 

273.  Jenkins DJ, Kendall CW, Faulkner DA, Kemp T, Marchie A, Nguyen 
TH, Wong JM, de Souza R, Emam A, Vidgen E, Trautwein EA, 
Lapsley KG, Josse RG, Leiter LA, Singer W.  Long-term effects of a 
plant-based dietary portfolio of cholesterol-lowering foods on blood 
pressure.  Eur J Clin Nutr. 2008 Jun;62(6):781-8. Epub 2007 Apr 25. 
PMID: 17457340 

Drop out rate > 20% 
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274.  Jenkins DJ, Wong JM, Kendall CW, Esfahani A, Ng VW, Leong TC, 
Faulkner DA, Vidgen E, Greaves KA, Paul G, Singer W.  The effect of 
a plant-based low-carbohydrate ("Eco-Atkins") diet on body weight and 
blood lipid concentrations in hyperlipidemic subjects.  Arch Intern Med. 
2009 Jun 8;169(11):1046-54. Erratum in: Arch Intern Med. 2009 Sep 
14;169(16):1490. PMID: 19506174 

Insufficient sample size 
<30 (n=22 per study arm) 
 

275.  Jennings A, Cassidy A, van Sluijs EM, Griffin SJ, Welch AA.  
Associations Between Eating Frequency, Adiposity, Diet, and 
Activity in 9-10 years old Healthy-Weight and Centrally Obese 
Children.  Obesity (Silver Spring). 2012 Mar 22. Doi: 
10.1038/oby.2012.72. [Epub ahead of print] PMID: 22436840 

Cross-sectional  

276.  Johansen KS, Bjørge B, Hjellset VT, Holmboe-Ottesen G, Råberg M, 
Wandel M.  Changes in food habits and motivation for healthy eating 
among Pakistani women living in Norway: results from the InnvaDiab-
DEPLAN study.  Public Health Nutr. 2010 Jun;13(6):858-67. Epub 
2009 Nov 27. PMID: 19941691 

Does not examine 
relationship between 
dietary patterns and body 
weight measure 

277.  Johansson G, Holmén A, Persson L, Högstedt R, Wassén C, Ottova L, 
Gustafsson JA.  The effect of a shift from a mixed diet to a lacto-
vegetarian diet on human urinary and fecal mutagenic activity.  
Carcinogenesis. 1992 Feb;13(2):153-7. PMID: 1310903 

Insufficient sample size 
<30 (n=20) 
 

278.  Johnson JS, Nobmann ED, Asay E, Lanier AP.  Dietary intake of 
Alaska Native people in two regions and implications for health: the 
Alaska Native Dietary and Subsistence Food Assessment Project.  Int J 
Circumpolar Health. 2009 Apr;68(2):109-22. PMID: 19517871 

Cross-sectional  
 

279.  Johnston CA, Tyler C, Fullerton G, McFarlin BK, Poston WS, Haddock 
CK, Reeves RS, Foreyt JP.  Effects of a school-based weight 
maintenance program for Mexican-American children: results at 2 
years.  Obesity (Silver Spring). 2010 Mar;18(3):542-7. Epub 2009 Aug 
6. Erratum in: Obesity (Silver Spring). 2010 Mar;18(3):647. Fullerton, 
Ginny [added]. PMID: 19661957 

Did not assess dietary 
patterns as defined for this 
project 

280.  Jones JL, Fernandez ML, McIntosh MS, Najm W, Calle MC, Kalynych 
C, Vukich C, Barona J, Ackermann D, Kim JE, Kumar V, Lott M, 
Volek JS, Lerman RH.  A Mediterranean-style low-glycemic-load diet 
improves variables of metabolic syndrome in women, and addition of a 
phytochemical-rich medical food enhances benefits on lipoprotein 
metabolism.  J Clin Lipidol. 2011 May-Jun;5(3):188-96. Epub 2011 
Mar 11. PMID: 21600524 

Dependent variable is 
cardiometabolic risk 
variables 
 
 

281.  Jones JL, Park Y, Lee J, Lerman RH, Fernandez ML.  A Mediterranean-
style, low-glycemic-load diet reduces the expression of 3-hydroxy-3-
methylglutaryl-coenzyme A reductase in mononuclear cells and plasma 
insulin in women with metabolic syndrome.  Nutr Res. 2011 
Sep;31(9):659-64. PMID: 22024489 

Insufficient sample size 
<30 (n=25) 

282.  Jonsson T, Granfeldt Y, Erlanson-Albertsson C, Ahren B, Lindeberg 
S. A paleolithic diet is more satiating per calorie than a 
mediterranean-like diet in individuals with ischemic heart disease. 
Nutrition and Metabolism. 2010;7 

Insufficent sample size 
<30; (n=29); subjects 
diagnosed with ischemic 
heart disease 

283.  Juhaeri, Steven J, Chambless LE, Tyroler HA, Harp J, Jones D, Arnett 
D.  Weight change among self-reported dieters and non-dieters in white 
and African American men and women.  Eur J Epidemiol. 
2001;17(10):917-23. PMID: 12188010 

Does not examine 
relationship between 
dietary patterns and body 
weight measure 

284.  Jung HJ, Han SN, Song S, Paik HY, Baik HW, Joung H.  Association 
between adherence to the Korean Food Guidance System and the risk of 
metabolic abnormalities in Koreans.  Nutr Res Pract. 2011 
Dec;5(6):560-8. Epub 2011 Dec 31. PMID: 22259682 
 

Cross-sectional 
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285.  Kabir Y, Shahjalal HM, Saleh F, Obaid W.  Dietary pattern, nutritional 
status, anaemia and anaemia-related knowledge in urban adolescent 
college girls of Bangladesh.  J Pak Med Assoc. 2010 Aug;60(8):633-8. 
PMID: 20726192 

Cross-sectional; 
Bangladesh classified as 
“low” on  Human 
Dvelopment Index (HDI) 

286.  Kagan A, Rhoads GG, Zeegen PD, Nichaman MZ.  Coronary heart 
disease among men of Japanese ancestry in Hawaii. The Honolulu Heart 
study.  Isr J Med Sci. 1971 Dec;7(12):1573-7. No abstract available. 
PMID: 5144601 

Does not examine 
relationship between 
dietary patterns and body 
weight measure 

287.  Kahleova H, Matoulek M, Malinska H, Oliyarnik O, Kazdova L, 
Neskudla T, Skoch A, Hajek M, Hill M, Kahle M, Pelikanova T.  
Vegetarian diet improves insulin resistance and oxidative stress markers 
more than conventional diet in subjects with Type 2 diabetes.  Diabet 
Med. 2011 May;28(5):549-59. doi: 10.1111/j.1464-5491.2010.03209.x. 
PMID: 21480966 

Subjects with type 2 
diabetes – treatment study 

288.  Kant AK, Graubard BI.  20-Year trends in dietary and meal behaviors 
were similar in U.S. children and adolescents of different race/ethnicity.  
J Nutr. 2011 Oct;141(10):1880-8. Epub 2011 Aug 24. PMID: 21865567 

Trend study; did not 
assess dietary patterns as 
defined for this project 

289.  Kant AK, Graubard BI.  A comparison of three dietary pattern indexes 
for predicting biomarkers of diet and disease.  J Am Coll Nutr. 2005 
Aug;24(4):294-303. PMID: 16093407 

Cross-sectional  

290.  Karanja NM, Obarzanek E, Lin PH, McCullough ML, Phillips KM, 
Swain JF, Champagne CM, Hoben KP.  Descriptive characteristics of 
the dietary patterns used in the Dietary Approaches to Stop 
Hypertension Trial. DASH Collaborative Research Group.  J Am Diet 
Assoc. 1999 Aug;99(8 Suppl):S19-27. PMID: 10450290 

Body weight kept 
constant 

291.  Karantonis HC, Fragopoulou E, Antonopoulou S, Rementzis J, 
Phenekos C, Demopoulos CA.  Effect of fast-food Mediterranean-type 
diet on type 2 diabetics and healthy human subjects' platelet 
aggregation.  Diabetes Res Clin Pract. 2006 Apr;72(1):33-41. Epub 
2005 Oct 19. PMID: 16236380 

Independent variable is 
foods that antagonize 
platelet activating factor 
 

292.  Kark JD, Kaufmann NA, Binka F, Goldberger N, Berry EM.  Adipose 
tissue n-6 fatty acids and acute myocardial infarction in a population 
consuming a diet high in polyunsaturated fatty acids.  Am J Clin Nutr. 
2003 Apr;77(4):796-802. PMID: 12663274 

Independent variable is n-
6 fatty acids. 

293.  Kastorini CM, Milionis HJ, Esposito K, Giugliano D, Goudevenos JA, 
Panagiotakos DB.  The effect of Mediterranean diet on metabolic 
syndrome and its components: a meta-analysis of 50 studies and 
534,906 individuals.  J Am Coll Cardiol. 2011 Mar 15;57(11):1299-313. 
PMID: 21392646 

Study design is meta-
analysis; 
waist circumference is 
one outcome of interest 

294.  Keding GB, Msuya JM, Maass BL, Krawinkel MB.  Dietary patterns 
and nutritional health of women: the nutrition transition in rural 
Tanzania.  Food Nutr Bull. 2011 Sep;32(3):218-26. PMID: 22073796 

Tanzania is categorized as 
“low” on Human 
Development Index (HDI) 

295.  Kelley C, Krummel D, Gonzales EN, Neal WA, Fitch CW.  Dietary 
intake of children at high risk for cardiovascular disease.  J Am Diet 
Assoc. 2004 Feb;104(2):222-5. PMID: 14760570 

Cross-sectional  

296.  Kent LM, Worsley A.  Does the prescriptive lifestyle of Seventh-day 
Adventists provide 'immunity' from the secular effects of changes in 
BMI?  Public Health Nutr. 2009 Apr;12(4):472-80. Epub 2008 May 6. 
PMID: 18457602 

Trend study 

297.  Kerr MA, Rennie KL, McCaffrey TA, Wallace JM, Hannon-Fletcher 
MP, Livingstone MB.  Snacking patterns among adolescents: a 
comparison of type, frequency and portion size between Britain in 1997 
and Northern Ireland in 2005.  Br J Nutr. 2009 Jan;101(1):122-31. Epub 
2008 Jun 5. Erratum in: Br J Nutr. 2009 Mar;101(6):929. PMID: 
18533071 

Cross-sectional; 
independent variable was 
snacking 
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298.  Kersting M, Alexy U. Dietary Habits in Preschool Children: 
Preventive Guidelines and Dietary Practice. Austrian Journal of 
Clinical Endocrinology and Metabolism. 2011;4(2):11-5 

Does not examine 
relationship between 
dietary patterns and body 
weight measure 

299.  Keski-Rahkonen A, Bulik CM, Pietiläinen KH, Rose RJ, Kaprio J, 
Rissanen A.  Eating styles, overweight and obesity in young adult twins.  
Eur J Clin Nutr. 2007 Jul;61(7):822-9. Epub 2007 Jan 24. PMID: 
17251930 

Cross-sectional; 
independent variables was 
eating style - restrictive or 
overeating 

300.  Key T, Davey G.  Prevalence of obesity is low in people who do not eat 
meat.  BMJ. 1996 Sep 28;313(7060):816-7. No abstract available. 
PMID: 8842088 

Cross-sectional; letter to 
editor 

301.  Key TJ, Thorogood M, Appleby PN, Burr ML.  Dietary habits and 
mortality in 11,000 vegetarians and health conscious people: results of a 
17 year follow up.  BMJ. 1996 Sep 28;313(7060):775-9. PMID: 8842068 

Dependent variables were 
total mortality and 
ischemic heart disease 
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Cross-sectional 
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Cross-sectional 

325.  Kumanyika S, Tell GS, Shemanski L, Polak J, Savage PJ.  Eating 
patterns of community-dwelling older adults: the Cardiovascular Health 
Study.  Ann Epidemiol. 1994 Sep;4(5):404-15. PMID: 7981849 
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vegetable vs. lower fat 
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low glycemic load diet with specific phytochemicals improves 
cardiometabolic risk factors in subjects with metabolic syndrome and 
hypercholesterolemia in a randomized trial.  Nutr Metab (Lond). 2008 
Nov 4;5:29. PMID: 18983673 
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2010 Jul;24(7):1763-72. PMID: 20555285 

Sample size n=9 
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Nutr. 2009 Aug;90(2):362-8. Epub 2009 Jun 10. PMID: 19515735 

Cross-sectional 

357.  Liu L, Núñez AE.  Cardiometabolic syndrome and its association with 
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from the Pennsylvania 2007 BRFSS Survey.  J Clin Hypertens 
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Cross-sectional 
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Independent variable was 
vegetable intake 

359.  Liu S, Manson JE, Lee IM, Cole SR, Hennekens CH, Willett WC, 
Buring JE. Fruit and vegetable intake and risk of cardiovascular disease: 
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Menopause. 2010 Mar;17(2):372-8. PMID: 20216276 
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Cross-sectional 

370.  Malik VS, Fung TT, Van Dam RM, Rimm EB, Rosner B, Hu FB. 
Dietary patterns during adolescence and risk of type 2 diabetes in 
middle-aged women. Diabetes Care. 2012;35(1):12-8 

Study considered in 
systematic review 
question on factor 
analysis 

371.  Mandal S, Das S, Mohanty BK, Sahu CS. Effects of ethnic origin, 
dietary and life-style habits on plasma lipid profiles - A study of three 
population groups. Journal of Nutritional Medicine. 1994;4(2):141-8 

India is classified as 
“medium” on Human 
Development Index (HDI) 

372.  Manios Y, Kourlaba G, Kondaki K, Grammatikaki E, Birbilis M, 
Oikonomou E, Roma-Giannikou E.  Diet quality of preschoolers in 
Greece based on the Healthy Eating Index: the GENESIS study.  J Am 
Diet Assoc. 2009 Apr;109(4):616-23. PMID: 19328256 

Cross-sectional 

373.  Mansfield E, McPherson R, Koski KG. Diet and waist-to-hip ratio: 
important predictors of lipoprotein levels in sedentary and active young 
men with no evidence of cardiovascular disease.  J Am Diet Assoc. 
1999 Nov;99(11):1373-9. PMID: 10570674 
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American Board of Family Medicine. 2012;25(1):9-15 

Not a dietary pattern as 
defined by the project 
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Cross-sectional 
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lipids 
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FB, Dallongeville J, Arcella D, Wärnberg J, Hallberg M, Fredriksson H, 
Maes L, Widhalm K, Kafatos AG, Marcos A; HELENA Study Group.  
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Green AA.  Changes in nutrient intake and dietary quality among 
participants with type 2 diabetes following a low-fat vegan diet or a 
conventional diabetes diet for 22 weeks.  J Am Diet Assoc. 2008 
Oct;108(10):1636-45. PMID: 18926128 

Included in index/score 
question 

579.  Turner-McGrievy GM, Barnard ND, Scialli AR, Lanou AJ.  Effects of a 
low-fat vegan diet and a Step II diet on macro- and micronutrient 
intakes in overweight postmenopausal women.  Nutrition. 2004 
Sep;20(9):738-46. PMID: 15325679 

Dependent variables were 
nutrient intake levels  

580.  Turner-McGrievy GM, Barnard ND, Scialli AR.  A two-year 
randomized weight loss trial comparing a vegan diet to a more 
moderate low-fat diet.  Obesity (Silver Spring). 2007 Sep;15(9):2276-
81. PMID: 17890496 

Insufficient sample size 
<30; (n=28, 34 per study 
arm) 

581.  Turunen AW, Verkasalo PK, Kiviranta H, Pukkala E, Jula A, Männistö 
S, Räsänen R, Marniemi J, Vartiainen T.  Mortality in a cohort with 
high fish consumption.  Int J Epidemiol. 2008 Oct;37(5):1008-17. Epub 
2008 Jun 25. PMID: 18579573 

Dependent variable was 
mortality 
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582.  Tyrovolas S, Bountziouka V, Papairakleous N, Zeimbekis A, 
Anastassiou F, Gotsis E, Metallinos G, Polychronopoulos E, Lionis C, 
Panagiotakos D.  Adherence to the Mediterranean diet is associated 
with lower prevalence of obesity among elderly people living in 
Mediterranean islands: the MEDIS study.  Int J Food Sci Nutr. 2009 
Aug 11:1-14. [Epub ahead of print] PMID: 19672745 

Cross-sectional  

583.  Tzima N, Pitsavos C, Panagiotakos DB, Chrysohoou C, 
Polychronopoulos E, Skoumas J, Stefanadis C.  Adherence to the 
Mediterranean diet moderates the association of aminotransferases with 
the prevalence of the metabolic syndrome; the ATTICA study.  Nutr 
Metab (Lond). 2009 Jul 30;6:30. PMID: 19642977 

Dependent variables are 
amino-transferases and 
metabolic syndrome 
 

 
584.  Tzima N, Pitsavos C, Panagiotakos DB, Skoumas J, Zampelas A, 

Chrysohoou C, et al. Mediterranean diet and insulin sensitivity, lipid 
profile and blood pressure levels, in overweight and obese people; 
The Attica study. Lipids in Health and Disease. 2007;6 

Dependent variables are 
insulin level, lipid profile, 
and blood pressure level 

585.  Uddenfeldt M, Janson C, Lampa E, Leander M, Norbäck D, Larsson L, 
Rask-Andersen A.  High BMI is related to higher incidence of asthma, 
while a fish and fruit diet is related to a lower- Results from a long-term 
follow-up study of three age groups in Sweden.  Respir Med. 2010 
Jul;104(7):972-80. Epub 2010 Feb 18. PMID: 20171076 

Dependent variable was 
incidence of adult onset 
asthma 

586.  Uglem S, Stea TH, Frølich W, Wandel M.  Body weight, weight 
perceptions and food intake patterns. A cross-sectional study among 
male recruits in the Norwegian National Guard.  BMC Public Health. 
2011 May 19;11:343. PMID: 21595899 

Cross-sectional 
 

587.  Uhernik AI, Erceg M, Milanović SM.  Association of BMI and 
nutritional habits with hypertension in the adult population of Croatia.  
Public Health Nutr. 2009 Jan;12(1):97-104. Epub 2008 Apr 15. Erratum 
in: Public Health Nutr. 2011 Jan;14(1):187. PMID: 18410702 

Cross-sectional 
 

588.  Ursoniu S, Vernic C, Vlaicu B, Petrescu C, Fira-Mladinescu C, Putnoky 
S, Suciu O, Fira-Mladinescu O, Vlaicu S.  Eating habits in an adolescent 
population from Timiş county.  Rev Med Chir Soc Med Nat Iasi. 2010 
Oct-Dec;114(4):1155-61. PMID: 21495459 

Cross-sectional 
 

589.  Vågstrand K, Barkeling B, Forslund HB, Elfhag K, Linné Y, Rössner S, 
Lindroos AK.  Eating habits in relation to body fatness and gender in 
adolescents--results from the 'SWEDES' study.  Eur J Clin Nutr. 2007 
Apr;61(4):517-25. Epub 2006 Sep 27. PMID: 17006444 

Cross-sectional 
 

590.  van den Berg L, Henneman P, Willems van Dijk K, Delemarre-van de 
Waal HA, Oostra BA, van Duijn CM, et al. Heritability of dietary 
food intake patterns. Acta Diabetologica. 2012:1-6 

Study considered in 
systematic review 
question on principal 
component analsysis 

591.  Van Diepen S, Scholten AM, Korobili C, Kyrli D, Tsigga M, Van 
Dieijen T, Kotzamanidis C, Grammatikopoulou MG.  Greater 
Mediterranean diet adherence is observed in Dutch compared with 
Greek university students.  Nutr Metab Cardiovasc Dis. 2011 
Jul;21(7):534-40. Epub 2010 Feb 20. PMID: 20171853 

Dependent variable is 
adherence, not a measure 
of body weight 
 

 
592.  Van Staveren WA, Deurenberg P, Burema J, De Groot LC, Hautvast 

JG.  Seasonal variation in food intake, pattern of physical activity and 
change in body weight in a group of young adult Dutch women 
consuming self-selected diets.  Int J Obes. 1986;10(2):133-45. PMID: 
3013791 

Independent variables 
were seasonal food intake 
and physical activities 

593.  van Woudenbergh GJ, van Ballegooijen AJ, Kuijsten A, Sijbrands EJ, 
van Rooij FJ, Geleijnse JM, Hofman A, Witteman JC, Feskens EJ.  
Eating fish and risk of type 2 diabetes: A population-based, prospective 
follow-up study.  Diabetes Care. 2009 Nov;32(11):2021-6. Epub 2009 
Aug 12. PMID: 19675200 

Independent variables 
were fish intake, type of 
fish, EPA, DHA; 
dependent variable was 
risk of type 2 diabetes 
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594.  Vandevijvere S, De Vriese S, Huybrechts I, Moreau M, Temme E, De 
Henauw S, De Backer G, Kornitzer M, Leveque A, Van Oyen H.  The 
gap between food-based dietary guidelines and usual food consumption 
in Belgium, 2004.  Public Health Nutr. 2009 Mar;12(3):423-31. Epub 
2008 Apr 22. PMID: 18426635 

Cross-sectional 
 

595.  Vang A, Singh PN, Lee JW, Haddad EH, Brinegar CH.  Meats, 
processed meats, obesity, weight gain and occurrence of diabetes among 
adults: findings from Adventist Health Studies.  Ann Nutr Metab. 
2008;52(2):96-104. Epub 2008 Mar 18. Erratum in: Ann Nutr Metab. 
2010;56(3):232. PMID: 18349528 

Independent variables 
were meat and processed 
meat intake  

596.  Vansant G, Hulens M.  The assessment of dietary habits in obese 
women: influence of eating behavior patterns.  Eat Disord. 2006 Mar-
Apr;14(2):121-9. PMID: 16777809 

Dependent variable is 
eating behavior 

597.  Vaughan C, Kilkkinen A, Heistaro S, Laatikainen T, Dunbar J. The 
dietary, physical activity and sedentary behaviours of Victorian 
regional secondary school students. Australian Journal of Primary 
Health. 2007;13(1):81-8 

Cross-sectional  

598.  Vergara-Castañeda A, Castillo-Martínez L, Colín-Ramírez E, Orea-
Tejeda A.  Overweight, obesity, high blood pressure and lifestyle 
factors among Mexican children and their parents.  Environ Health 
Prev Med. 2010 Nov;15(6):358-66. Epub 2010 May 15. PMID: 
21432567 

Cross-sectional  

599.  Vergnaud AC, Norat T, Romaguera D, Mouw T, May AM, Romieu I, 
Freisling H, Slimani N, Boutron-Ruault MC, Clavel-Chapelon F, 
Morois S, Kaaks R, Teucher B, Boeing H, Buijsse B, Tjønneland A, 
Halkjaer J, Overvad K, Jakobsen MU, Rodríguez L, Agudo A, Sánchez 
MJ, Amiano P, Huerta JM, Gurrea AB, Wareham N, Khaw KT, Crowe 
F, Orfanos P, Naska A, Trichopoulou A, Masala G, Pala V, Tumino R, 
Sacerdote C, Mattiello A, Bueno-de-Mesquita HB, van Duijnhoven FJ, 
Drake I, Wirfält E, Johansson I, Hallmans G, Engeset D, Braaten T, Parr 
CL, Odysseos A, Riboli E, Peeters PH.  Fruit and vegetable 
consumption and prospective weight change in participants of the 
European Prospective Investigation into Cancer and Nutrition-Physical 
Activity, Nutrition, Alcohol, Cessation of Smoking, Eating Out of 
Home, and Obesity study.  Am J Clin Nutr. 2012 Jan;95(1):184-93. 
Epub 2011 Dec 14. PMID: 22170373 

Independent variable was 
fruit and vegetable 
consumption 

600.  Villa I, Yngve A, Poortvliet E, Grjibovski A, Liiv K, Sjöström M, Harro 
M.  Dietary intake among under-, normal- and overweight 9- and 15-
year-old Estonian and Swedish schoolchildren.  Public Health Nutr. 
2007 Mar;10(3):311-22. PMID: 17288630 

Cross-sectional 

601.  Vincent S, Gerber M, Bernard MC, Defoort C, Loundou A, Portugal H, 
Planells R, Juhan-Vague I, Charpiot P, Grolier P, Amiot-Carlin MJ, 
Vague P, Lairon D.  The Medi-RIVAGE study (Mediterranean Diet, 
Cardiovascular Risks and Gene Polymorphisms): rationale, recruitment, 
design, dietary intervention and baseline characteristics of participants.  
Public Health Nutr. 2004 Jun;7(4):531-42. PMID: 15153259 

Cross-sectional 

602.  Vincent-Baudry S, Defoort C, Gerber M, Bernard MC, Verger P, Helal 
O, Portugal H, Planells R, Grolier P, Amiot-Carlin MJ, Vague P, Lairon 
D.  The Medi-RIVAGE study: reduction of cardiovascular disease risk 
factors after a 3-mo intervention with a Mediterranean-type diet or a 
low-fat diet. Am J Clin Nutr. 2005 Nov;82(5):964-71. PMID: 16280426 

Drop out rate 21% 
(exceeds 20% minimum) 

603.  Von Post-Skagegård M, Samuelson G, Karlström B, Mohsen R, 
Berglund L, Bratteby LE.  Changes in food habits in healthy Swedish 
adolescents during the transition from adolescence to adulthood.  Eur J 
Clin Nutr. 2002 Jun;56(6):532-8. PMID: 12032653 

Dependent variable was 
changes in food habits 

http://www.ncbi.nlm.nih.gov/pubmed/18426635
http://www.ncbi.nlm.nih.gov/pubmed/18426635
http://www.ncbi.nlm.nih.gov/pubmed/18426635
http://www.ncbi.nlm.nih.gov/pubmed/18349528
http://www.ncbi.nlm.nih.gov/pubmed/18349528
http://www.ncbi.nlm.nih.gov/pubmed/18349528
http://www.ncbi.nlm.nih.gov/pubmed/16777809
http://www.ncbi.nlm.nih.gov/pubmed/16777809
http://www.ncbi.nlm.nih.gov/pubmed/21432567
http://www.ncbi.nlm.nih.gov/pubmed/21432567
http://www.ncbi.nlm.nih.gov/pubmed/22170373
http://www.ncbi.nlm.nih.gov/pubmed/22170373
http://www.ncbi.nlm.nih.gov/pubmed/22170373
http://www.ncbi.nlm.nih.gov/pubmed/22170373
http://www.ncbi.nlm.nih.gov/pubmed/22170373
http://www.ncbi.nlm.nih.gov/pubmed/17288630
http://www.ncbi.nlm.nih.gov/pubmed/17288630
http://www.ncbi.nlm.nih.gov/pubmed/15153259
http://www.ncbi.nlm.nih.gov/pubmed/15153259
http://www.ncbi.nlm.nih.gov/pubmed/15153259
http://www.ncbi.nlm.nih.gov/pubmed/16280426
http://www.ncbi.nlm.nih.gov/pubmed/16280426
http://www.ncbi.nlm.nih.gov/pubmed/16280426
http://www.ncbi.nlm.nih.gov/pubmed/12032653
http://www.ncbi.nlm.nih.gov/pubmed/12032653


Dietary Patterns   125 
 

604.  von Ruesten A, Illner AK, Buijsse B, Heidemann C, Boeing H.  
Adherence to recommendations of the German food pyramid and risk of 
chronic diseases: results from the EPIC-Potsdam study.  Eur J Clin 
Nutr. 2010 Nov;64(11):1251-9. Epub 2010 Aug 18. PMID: 20717136 

Dependent variables are 
CVD, type 2 diabetes, and 
cancer 

605.  Wada T, Fukumoto T, Ito K, Hasegawa Y, Osaki T, Ban H.  Of the 
three classifications of healthy lifestyle habits, which one is the most 
closely associated with the prevention of metabolic syndrome in 
Japanese?  Intern Med. 2009;48(9):647-55. Epub 2009 May 1. PMID: 
19420809 

Dependent variable was 
metabolic syndrome 

606.  Wahlqvist ML, Kouris-blazos A, Wattanapenpaiboon N.  The 
significance of eating patterns: an elderly Greek case study.  Appetite. 
1999 Feb;32(1):23-32. PMID: 9989910 

Cross-sectional 
 

607.  Waldmann A, Koschizke JW, Leitzmann C, Hahn A.  Dietary intakes 
and lifestyle factors of a vegan population in Germany: results from the 
German Vegan Study.  Eur J Clin Nutr. 2003 Aug;57(8):947-55. PMID: 
12879089 

Cross-sectional 
 

608.  Waldron I, Nowotarski M, Freimer M, Henry JP, Post N, Witten C.  
Cross-cultural variation in blood pressure: a quantitative analysis of the 
relationships of blood pressure to cultural characteristics, salt 
consumption and body weight.  Soc Sci Med. 1982;16(4):419-30. 
PMID: 7079796 

Cross-sectional 

609.  Waling M, Lind T, Hernell O, Larsson C.  A one-year intervention has 
modest effects on energy and macronutrient intakes of overweight and 
obese Swedish children.  J Nutr. 2010 Oct;140(10):1793-8. Epub 2010 
Aug 25. PMID: 20739446 

Independent variables 
were energy, 
macronutrient, and fiber 
intakes 

610.  Walls HL, Magliano DJ, McNeil JJ, Stevenson C, Ademi Z, Shaw J, 
Peeters A.  Predictors of increasing waist circumference in an 
Australian population.  Public Health Nutr. 2011 May;14(5):870-81. 
Epub 2010 Oct 29. PMID: 21029505 

Cross-sectional 
 

611.  Wallstrom P, Sonestedt E, Hlebowicz J, Ericson U, Drake I, Persson 
M, et al. Dietary fiber and saturated fat intake associations with 
cardiovascular disease differ by sex in the Malmo diet and cancer 
cohort: A prospective study. PLoS ONE. 2012;7(2) 

Drop out rate > 20% 

612.  Wan CJ, Lin LY, Yu TH, Sheu WHH. Metabolic syndrome 
associated with habitual indulgence and dietary behavior in middle-
aged health-care professionals. Journal of Diabetes Investigation. 
2010;1(6):259-65 

Does not examine 
relationship between 
dietary patterns and body 
weight measure  

613.  Wang L, Manson JE, Gaziano JM, Buring JE, Sesso HD.  Fruit and 
vegetable intake and the risk of hypertension in middle-aged and older 
women.  Am J Hypertens. 2012 Feb;25(2):180-9. doi: 
10.1038/ajh.2011.186. Epub 2011 Oct 13. PMID: 21993367 

Independent variables 
were fruit and vegetable 
intake; dependent variable 
was incident HTN 

614.  Wang Y, Jahns L, Tussing-Humphreys L, Xie B, Rockett H, Liang H, 
Johnson L.  Dietary intake patterns of low-income urban african-
american adolescents.  J Am Diet Assoc. 2010 Sep;110(9):1340-5. 
PMID: 20800126 

Cross-sectional 

615.  Wang Y, Popkin B, Zhai F.  The nutritional status and dietary pattern of 
Chinese adolescents, 1991 and 1993.  Eur J Clin Nutr. 1998 
Dec;52(12):908-16. PMID: 9881886 

Cross-sectional 
 

616.  Warwick PM.  Dietary intake of healthy subjects before and one year 
after dietary advice.  Eur J Clin Nutr. 1988 May;42(5):437-44. PMID: 
3396530 

Insufficient sample size 
<30 ; (n=21) 

617.  Washi SA, Ageib MB.  Poor diet quality and food habits are related to 
impaired nutritional status in 13- to 18-year-old adolescents in Jeddah.  
Nutr Res. 2010 Aug;30(8):527-34. PMID: 20851306 
 

Cross-sectional 
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618.  Wells AM, Haub MD, Fluckey J, Williams DK, Chernoff R, Campbell 
WW.  Comparisons of vegetarian and beef-containing diets on 
hematological indexes and iron stores during a period of resistive 
training in older men.  J Am Diet Assoc. 2003 May;103(5):594-601. 
PMID: 12728219 

Dependent variables were 
biomarkers of iron status 
 

619.  Williams DE, Knowler WC, Smith CJ, Hanson RL, Roumain J, Saremi 
A, Kriska AM, Bennett PH, Nelson RG.  The effect of Indian or Anglo 
dietary preference on the incidence of diabetes in Pima Indians.  
Diabetes Care. 2001 May;24(5):811-6. PMID: 11347735 

Independent variables 
were macronutrients and 
fiber; dependent variable 
was incidence of type 2 
diabetes 

620.  Williams DE, Prevost AT, Whichelow MJ, Cox BD, Day NE, Wareham 
NJ. A cross-sectional study of dietary patterns with glucose intolerance 
and other features of the metabolic syndrome.  British journal of 
nutrition. 2000;83(3):257-66. PMID: 10884714 

Cross-sectional  

621.  Williams PT. Interactive effects of exercise, alcohol, and vegetarian diet 
on coronary artery disease risk factors in 9242 runners: the National 
Runners' Health Study.  Am J Clin Nutr. 1997 Nov;66(5):1197-206. 
PMID: 9356539 

Cross-sectional 

622.  Wilson TA, Adolph AL, Butte NF.  Nutrient adequacy and diet quality 
in non-overweight and overweight Hispanic children of low 
socioeconomic status: the Viva la Familia Study.  J Am Diet Assoc. 
2009 Jun;109(6):1012-21. PMID: 19465183 

Cross-sectional 
 

623.  Windhauser MM, Evans MA, McCullough ML, Swain JF, Lin PH, 
Hoben KP, Plaisted CS, Karanja NM, Vollmer WM.  Dietary adherence 
in the Dietary Approaches to Stop Hypertension trial. DASH 
Collaborative Research Group.  J Am Diet Assoc. 1999 Aug;99(8 
Suppl):S76-83. PMID: 10450298 

Descriptive study of 
subjects’ adherence to 
DASH feeding protocal 

624.  Winkvist A, Hörnell A, Hallmans G, Lindahl B, Weinehall L, 
Johansson I.  More distinct food intake patterns among women than 
men in northern Sweden: a population-based survey.  Nutr J. 2009 Feb 
19;8:12. PMID: 19228378 

Cluster analysis 

625.  Winnicki M, Somers VK, Accurso V, Phillips BG, Puato M, Palatini P, 
Pauletto P.  Fish-rich diet, leptin, and body mass.  Circulation. 2002 Jul 
16;106(3):289-91. PMID: 12119240 

Tanzania is classified as a 
“Low” Human 
Development Index (HDI) 

626.  Wirfält E, Mattisson I, Gullberg B, Berglund G.  Food patterns defined 
by cluster analysis and their utility as dietary exposure variables: a 
report from the Malmö Diet and Cancer Study.  Public Health Nutr. 
2000 Jun;3(2):159-73. PMID: 10948383 

Study examined utility of 
cluster analysis for 
complex dietary 
exposures 

627.  Wojcicki JM, Schwartz N, Jiménez-Cruz A, Bacardi-Gascon M, 
Heyman MB.  Acculturation, Dietary Practices and Risk for Childhood 
Obesity in an Ethnically Heterogeneous Population of Latino School 
Children in the San Francisco Bay Area.  J Immigr Minor Health. 2011 
Nov 19. [Epub ahead of print] PMID: 22101726 

Cross-sectional 

628.  Wolongevicz DM, Zhu L, Pencina MJ, Kimokoti RW, Newby PK, 
D'Agostino RB, Millen BE.  Diet quality and obesity in women: the 
Framingham Nutrition Studies.  Br J Nutr. 2010 Apr;103(8):1223-9. 
Epub 2009 Nov 24. PMID: 19930766 

Independent variables 
were scored nutrient 
intakes 

629.  Woodruff SJ, Hanning RM, McGoldrick K, Brown KS.  Healthy eating 
index-C is positively associated with family dinner frequency among 
students in grades 6-8 from Southern Ontario, Canada.  Eur J Clin Nutr. 
2010 May;64(5):454-60. Epub 2010 Mar 3. PMID: 20197788 

Cross-sectional 
 

630.  Worsley A, Wang WC, Hunter W. The relationships between eating 
habits, smoking and alcohol consumption, and body mass index among 
baby boomers. Appetite. 2012;58(1):74-80. Epub 2011 Sep 29. PMID: 
21986185 

Cross-sectional  
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Appendix G: Literature Search Results – Cardiovascular Disease 

 
Systematic Review Questions:  
• What is the relationship between adherence to dietary guidelines/ recommendations or 

specific dietary patterns and cardiovascular disease?  
o a priori index (I/S) 

• Are prevailing patterns of diet behavior in a population related to risk of cardiovascular 
disease? 

o factor analysis, principal component analysis; cluster analysis (FA) 
• What combinations of food intake explain the most variation in risk of cardiovascular 

disease? 
o reduced rank regression; discriminant analysis  (RRR)  

• What is the relationship between adherence to dietary guidelines/ recommendations or 
specific dietary patterns and cardiovascular disease?  

o studies that do not use methodologies included above (Other Methods) 
 

Search Results: 
Total Hits: 7,652 
Total Selected: 1,020 
Total Included: 101  
 
Other Methods update (08/2013): 
Total Hits: 1,521 
Total Selected:  78 
Total Included:  3 
 
Databases Searched: 
 
A. PubMed: 

Search date: 09/2012; updated through 01/2013 
Date range: No limit 
Search Terms: 
("Mortality"[Mesh] OR mortality[tiab] OR “blood pressure”[tiab] OR “blood 
pressure”[mesh] OR  “cardiovascular diseases”[mh:noexp] OR cardiovascular disease*[tiab] 
OR “cholesterol/blood”[mh] OR "Cholesterol, HDL"[Mesh] OR cholesterol[tiab] OR 
"Cholesterol, Dietary"[Mesh] OR triglyceride* OR  stroke[tiab] OR "stroke"[Mesh] OR 
"Lipids/blood"[Mesh] OR hypertension[tiab] OR "Myocardial Infarction"[Mesh] OR 
“Myocardial Infarction”[tiab] OR "Heart Failure"[Mesh] OR  "Heart Arrest"[Mesh] 
OR  "Myocardial Ischemia"[Mesh] OR “heart failure”[tiab] OR “heart arrest”[tiab] OR 
"Myocardial Ischemia"[tiab]) AND (#1 OR #2 OR #3 OR #4) 
 
(“diet quality” OR dietary pattern* OR diet pattern* OR eating pattern* OR food pattern* 
OR eating habit* OR dietary habit* OR food habit* OR dietary profile* OR food profile* 
OR diet profile* OR eating profile* OR dietary guideline* OR dietary recommendation* OR 
food intake pattern* OR dietary intake pattern* OR diet pattern*) OR (DASH OR (dietary 
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approaches to stop hypertension) OR "Diet, Mediterranean"[Mesh] OR vegan* OR 
vegetarian* OR "Diet, Vegetarian"[Mesh] OR “prudent diet” OR “western diet” OR 
omniheart OR OR "Optimal Macronutrient Intake Trial to Prevent Heart Disease" OR 
((Okinawa* OR "Ethnic Groups"[Mesh] OR “plant based” OR omni[tiab] OR 
Mediterranean[tiab]) AND (diet[mh] OR diet[tiab] OR food[mh])))  
 
 ("Guideline Adherence"[Mesh] AND (diet OR food OR eating OR eat OR dietary OR 
feeding OR nutrition OR nutrient*)) OR adherence AND (nutrient* OR nutrition OR diet OR 
dietary OR food OR eat OR eating) AND (guideline* OR guidance OR recommendation*) 
 
(index*[ti] OR score*[tiab] OR indexes[tiab] OR indices[tiab] OR scoring[tiab]) AND 
(dietary score* OR adequacy index* OR kidmed OR Diet Quality Index* OR Food Score* 
OR Diet Score* OR MedDietScore OR Dietary Pattern Score* OR “healthy eating index”) 
(“clinical trial”[ptyp] OR "Epidemiologic Studies"[Mesh] OR "Support of Research"[ptyp] 
OR "Study Characteristics" [Publication Type]) 
 
(“diet quality” OR dietary[tiab] OR nutrient* OR eating[tiab] OR food[tiab] OR diet[tiab] 
OR diet[mh]) AND (pattern* OR habit* OR profile* OR recommendation* OR guideline*) 
AND (“Principal component analysis”[tiab] OR “Factor analysis”[tiab] OR “Cluster 
analysis”[tiab] OR “rank regression”[tiab] OR “Discriminant analysis”[tiab] OR "Cluster 
Analysis"[Mesh] OR  "Factor Analysis, Statistical"[Mesh] OR "Principal Component 
Analysis"[Mesh] OR "Discriminant Analysis"[Mesh] OR "Regression Analysis"[Mesh])  
 
limiters: Eng/hum; “clinical trial”[ptyp] OR "Epidemiologic Studies"[Mesh] OR "Support of 
Research"[ptyp] OR "Study Characteristics" [Publication Type]) NOT (editorial[ptyp] OR 
comment[ptyp] OR news[ptyp]; 

  
B. Embase search strategies: 

Search date: 09/2012; updated through 01/2013 
Date range: No limit 
Search Terms: 
'cardiovascular disease'/de OR 'hypertension'/de AND 'blood pressure'/de OR 'mortality'/de 
OR 'triacylglycerol'/exp OR triglyceride*:ab,ti OR cholesterol NEAR/2 (hdl OR ldl) OR 'low 
density lipoprotein'/de OR 'high density lipoprotein cholesterol'/de OR 'cholesterol 
intake'/exp OR 'stroke'/exp OR 'heart failure'/exp OR 'heart infarction'/exp OR 'heart 
disease'/de AND [humans]/lim AND [english]/lim AND [embase]/lim NOT [medline]/lim 
AND 
'diet quality' OR 'eating habit'/exp OR 'mediterranean diet'/exp OR dash:ab,ti OR 'dietary 
approaches to stop hypertension':ab,ti OR vegan*:ab,ti OR vegetarian*:ab,ti OR 'vegetarian 
diet'/exp OR 'vegetarian'/exp OR 'prudent diet':ab,ti OR 'western diet':ab,ti OR 
omniheart:ab,ti OR omni:ti OR 'plant based diet' OR (dietary OR eating OR food OR diet) 
NEAR/2 (pattern? OR habit? OR profile?) OR ('ethnic, racial and religious groups'/exp AND 
('diet'/exp OR 'eating'/exp OR 'food intake'/exp)) AND [humans]/lim AND [english]/lim 
AND [embase]/lim NOT [medline]/lim 
OR 
adherence AND (nutrient* OR nutrition OR diet OR dietary OR food OR eat OR eating) 
NEAR/2 (guideline* OR guidance OR recommendation*) AND [embase]/lim 
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OR 
(“Diet Quality Index” OR  “Eating Plan Score” OR “Diet Score” OR MedDietScore OR 
“Dietary Pattern Score” OR dietary score* OR adequacy index* OR kidmed OR Diet Quality 
Index* OR Food Score* OR Diet Score* OR “healthy eating index”)  AND [humans]/lim 
AND [english]/lim AND [embase]/lim 
OR 
(index* OR score* OR indices OR scoring) NEAR/2 ('diet quality' OR dietary OR nutrient* 
OR eating OR food OR diet) 
AND 
('article in press'/it OR 'review'/it) AND ('clinical article'/de OR 'clinical trial'/de OR 'cohort 
analysis'/de OR 'comparative study'/de OR 'control group'/de OR 'controlled clinical trial'/de 
OR 'controlled study'/de OR 'double blind procedure'/de OR 'human experiment'/de OR 
'intervention study'/de OR 'major clinical study'/de OR 'meta analysis'/de OR 'model'/de OR 
'normal human'/de OR 'prospective study'/de OR 'questionnaire'/de OR 'randomized 
controlled trial'/de OR 'systematic review'/de) 

  
C. Navigator (FSTA/CAB Abstracts/BIOSIS) search strategies: 

Search date: 09/2012; updated through 01/2013 
Date range: No limit 
Search Terms: 
(title:mortality OR abstract:mortality OR “blood pressure” OR  “cardiovascular diseases” OR 
((blood OR dietary OR “high density” OR “low density” OR hdl OR ldl) near/2 
cholesterol)  OR  title:cholesterol OR abstract:cholesterol OR  title:triglyceride* OR 
abstract:triglyceride* OR  title:stroke OR abstract:stroke OR (blood near/2 lipid*) OR 
title:hypertension OR abstract:hypertension OR "Myocardial Infarction” OR "Heart Failure" 
OR  "Heart Arrest" OR  "Myocardial Ischemia") AND 
  
((((dietary approaches to stop hypertension) or vegan* or vegetarian* or “prudent diet” or 
“western diet” or omniheart or "Optimal Macronutrient Intake Trial to Prevent Heart 
Disease" or ((Okinawa* or asia* or Chinese or japan* or Hispanic* or ethnic or “plant based” 
or title:omni or title:Mediterranean or DASH) near/3 (title:diet* or abstract:diet*))) ) or 
(((Diet or dietary or eating or food) near/2 (pattern* or profile* or habit* or guideline* or 
recommendation*) or “diet quality”))) doc-type:Articles language:English database:fsta -
database:medline (database:cab or database:biosis) -keyword-exact:animals 
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Figure G.1.  Flow chart of literature search results for studies examining the 
relationship between dietary patterns and risk of cardiovascular 
disease 
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INCLUDED ARTICLES 
 
Index/Score: 
1. Agnoli C, Krogh V, Grioni S, Sieri S, Palli D, Masala G, Sacerdote C, Vineis P, Tumino R, 

Frasca G, Pala V, Berrino F, Chiodini P, Mattiello A, Panico S. A priori-defined dietary 
patterns are associated with reduced risk of stroke in a large Italian cohort. J Nutr. 2011 
Aug;141(8):1552-8. Epub 2011 May 31. PubMed PMID: 21628636. 

2. Akbaraly TN, Ferrie JE, Berr C, Brunner EJ, Head J, Marmot MG, Singh-Manoux A, Ritchie 
K, Shipley MJ, Kivimaki M. Alternative Healthy Eating Index and mortality over 18 y of 
follow-up: results from the Whitehall II cohort. Am J Clin Nutr. 2011 Jul;94(1):247-53. Epub 
2011 May 25. PubMed PMID: 21613557; PubMed Central PMCID: PMC3127516. 

3. Belin RJ, Greenland P, Allison M, Martin L, Shikany JM, Larson J, Tinker L, Howard BV, 
Lloyd-Jones D, Van Horn L. Diet quality and the risk of cardiovascular disease: the Women's 
Health Initiative (WHI). Am J Clin Nutr. 2011 Jul;94(1):49-57. Epub 2011 May 25. PubMed 
PMID: 21613562; PubMed Central PMCID: PMC3127501. 

4. Buckland G, Agudo A, Travier N, Huerta JM, Cirera L, Tormo MJ, Navarro C, Chirlaque 
MD, Moreno-Iribas C, Ardanaz E, Barricarte A, Etxeberria J, Marin P, Quirós JR, Redondo 
ML, Larrañaga N, Amiano P, Dorronsoro M, Arriola L, Basterretxea M, Sanchez MJ, Molina 
E, González CA. Adherence to the Mediterranean diet reduces mortality in the Spanish 
cohort of the European Prospective Investigation into Cancer and Nutrition (EPIC-Spain). Br 
J Nutr. 2011 Nov;106(10):1581-91. Epub 2011 May 17. PubMed PMID: 21736834. 

5. Buckland G, González CA, Agudo A, Vilardell M, Berenguer A, Amiano P, Ardanaz E, 
Arriola L, Barricarte A, Basterretxea M, Chirlaque MD, Cirera L, Dorronsoro M, Egües N, 
Huerta JM, Larrañaga N, Marin P, Martínez C, Molina E, Navarro C, Quirós JR, Rodriguez 
L, Sanchez MJ, Tormo MJ, Moreno-Iribas C. Adherence to the Mediterranean diet and risk 
of coronary heart disease in the Spanish EPIC Cohort Study. Am J Epidemiol. 2009 Dec 
15;170(12):1518-29. Epub 2009 Nov 10. PubMed PMID: 19903723. 

6. Camões M, Oliveira A, Pereira M, Severo M, Lopes C. Role of physical activity and diet in 
incidence of hypertension: a population-based study in Portuguese adults. Eur J Clin Nutr. 
2010 Dec;64(12):1441-9. Epub 2010 Sep 1. PMID: 20808327. 

7. Chiuve SE, Fung TT, Rexrode KM, Spiegelman D, Manson JE, Stampfer MJ, Albert CM. 
Adherence to a low-risk, healthy lifestyle and risk of sudden cardiac death among women. 
JAMA. 2011 Jul 6;306(1):62-9. PubMed PMID: 21730242; PubMed Central PMCID: 
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fat/low-carbohydrate diet on postprandial lipids in type 2 diabetic patients. Diabetes Care. 2009 
Dec;32(12):2168-73. Epub 2009 Sep 9. PubMed PMID: 19741188; PubMed Central PMCID: 
PMC2782970. 

Size of study group < 30 
(n=18) 

160.  de Oliveira Otto MC, Mozaffarian D, Kromhout D, Bertoni AG, Sibley CT, Jacobs DR Jr, 
Nettleton JA. Dietary intake of saturated fat by food source and incident cardiovascular disease: 
the Multi-Ethnic Study of Atherosclerosis. Am J Clin Nutr. 2012 Aug;96(2):397-404. Epub 2012 
Jul 3. PubMed PMID: 22760560; PubMed Central PMCID: PMC3396447. 

Did not examine dietary 
patterns; examined saturated 
fat intake 

161.  de Paula TP, Steemburgo T, de Almeida JC, Dall'alba V, Gross JL, de Azevedo MJ. The role of 
Dietary Approaches to Stop Hypertension (DASH) diet food groups in blood pressure in type 2 
diabetes. Br J Nutr. 2011 Dec 6:1-8. [Epub ahead of print] PubMed PMID: 22142820. 
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Cross-sectional analyses 

172.  DiBello JR, Kraft P, McGarvey ST, Goldberg R, Campos H, Baylin A. Comparison of 3 methods 
for identifying dietary patterns associated with risk of disease. Am J Epidemiol. 2008 Dec 
15;168(12):1433-43. Epub 2008 Oct 22. PubMed PMID: 18945692; PubMed Central PMCID: 
PMC2727189. 

Case-control study  

173.  Diehr P, Beresford SA. The relation of dietary patterns to future survival, health, and 
cardiovascular events in older adults. J Clin Epidemiol. 2003 Dec;56(12):1224-35. PubMed 
PMID: 14680674. 

Did not assess dietary 
patterns as defined for 
project; macronutrients 

174.  Dixon LB, Subar AF, Peters U, Weissfeld JL, Bresalier RS, Risch A, Schatzkin A, Hayes RB. 
Adherence to the USDA Food Guide, DASH Eating Plan, and Mediterranean dietary pattern 
reduces risk of colorectal adenoma. J Nutr. 2007 Nov;137(11):2443-50. PubMed PMID: 
17951483. 

Outcome was risk of 
colorectal adenoma 

175.  Djuric Z, Ren J, Blythe J, VanLoon G, Sen A. A Mediterranean dietary intervention in healthy 
American women changes plasma carotenoids and fatty acids in distinct clusters. Nutr Res. 2009 
Mar;29(3):156-63. PubMed PMID: 19358929; PubMed Central PMCID: PMC2735788. 

Attrition results in 
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quality in healthy young and older adults. J Am Diet Assoc. 1997 Mar;97(3):266-71. PubMed 
PMID: 9060943. 

Cross-sectional analyses; did 
not include CVD outcome in 
analyses 

182.  Duc Son le NT, Hanh TT, Kusama K, Kunii D, Sakai T, Hung NT, Yamamoto S. Anthropometric 
characteristics, dietary patterns and risk of type 2 diabetes mellitus in Vietnam. J Am Coll Nutr. 
2005 Aug;24(4):229-34. PubMed PMID: 16093399. 

Outcome was risk of type 2 
diabetes 

183.  Dugee O, Khor GL, Lye MS, Luvsannyam L, Janchiv O, Jamyan B, Esa N. Association of major 
dietary patterns with obesity risk among Mongolian men and women. Asia Pac J Clin Nutr. 
2009;18(3):433-40. PubMed PMID: 19786392. 
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184.  Dyerberg J. Coronary heart disease in Greenland Inuit: a paradox. Implications for western diet 
patterns. Arctic Med Res. 1989 Apr;48(2):47-54. PubMed PMID: 2736000. 

Not an original research 
study (narrative review) 

185.  Eilat-Adar S, Mete M, Fretts A, Fabsitz RR, Handeland V, Lee ET, Loria C, Xu J, Yeh J, Howard 
BV. Dietary patterns and their association with cardiovascular risk factors in a population 
undergoing lifestyle changes: The Strong Heart Study. Nutr Metab Cardiovasc Dis. 2012 Apr 23. 
[Epub ahead of print] PubMed PMID: 22534653. 

Cross-sectional 

186.  Eilat-Adar S, Mete M, Nobmann ED, Xu J, Fabsitz RR, Ebbesson SO, Howard BV. Dietary 
patterns are linked to cardiovascular risk factors but not to inflammatory markers in Alaska 
Eskimos. J Nutr. 2009 Dec;139(12):2322-8. Epub 2009 Oct 14. PubMed PMID: 19828690; 
PubMed Central PMCID: PMC2777478. 

Cross-sectional 

187.  Elhayany A, Lustman A, Abel R, Attal-Singer J, Vinker S. A low carbohydrate Mediterranean 
diet improves cardiovascular risk factors and diabetes control among overweight patients with 
type 2 diabetes mellitus: a 1-year prospective randomized intervention study. Diabetes Obes 
Metab. 2010 Mar;12(3):204-9. PubMed PMID: 20151996. 

Participants diagnosed with 
type 2 diabetes  

188.  Ellingsen I, Hjerkinn EM, Arnesen H, Seljeflot I, Hjermann I, Tonstad S. Follow-up of diet and 
cardiovascular risk factors 20 years after cessation of intervention in the Oslo Diet and 
Antismoking Study. Eur J Clin Nutr. 2006 Mar;60(3):378-85. PubMed PMID: 16306931. 

Did not directly assess the 
relationship between dietary 
patterns and CVD outcomes 

189.  Ellingsen I, Hjerkinn EM, Seljeflot I, Arnesen H, Tonstad S. Consumption of fruit and berries is 
inversely associated with carotid atherosclerosis in elderly men. Br J Nutr. 2008 Mar;99(3):674-
81. Epub 2007 Sep 26. Erratum in: Br J Nutr. 2008 Mar;99(3):697. PubMed PMID: 17894919. 

Did not assess CVD 
outcome of interest 

190.  Ellis FR, Montegriffo VM. Veganism, clinical findings and investigations. Am J Clin Nutr. 1970 
Mar;23(3):249-55. PubMed PMID: 5436632. 

Study design was cross-
sectional 

191.  Ellis FR, Sanders TA. Angina and vegan diet. Am Heart J. 1977 Jun;93(6):803-5. PubMed PMID: 
860681. 

Dependent variable was 
angina 

192.  Elwood PC, Pickering JE, Fehily AM. Milk and dairy consumption, diabetes and the metabolic 
syndrome: the Caerphilly prospective study. J Epidemiol Community Health. 2007 
Aug;61(8):695-8. PMID: 17630368. 

Independent variable was 
milk and dairy consumption 

193.  Engelfriet P, Hoekstra J, Hoogenveen R, Büchner F, van Rossum C, Verschuren M. Food and 
vessels: the importance of a healthy diet to prevent cardiovascular disease. Eur J Cardiovasc Prev 
Rehabil. 2010 Feb;17(1):50-5. PMID: 19593150. 

Study used computer 
modeling to simulate results; 
study not conducted with 
actual participants 

194.  Esposito K, Giugliano F, De Sio M, Carleo D, Di Palo C, D'Armiento M, Giugliano D. Dietary 
factors in erectile dysfunction. Int J Impot Res. 2006 Jul-Aug;18(4):370-4. Epub 2006 Jan 5. 
PMID: 16395326. 

Study design was case- 
control; independent 
variable was erectile 
dysfunction 

195.  Esposito K, Maiorino MI, Ceriello A, Giugliano D. Prevention and control of type 2 diabetes by 
Mediterranean diet: a systematic review. Diabetes Res Clin Pract. 2010 Aug;89(2):97-102. Epub 
2010 May 23. Review. PubMed PMID: 20546959. 

Systematic review 

196.  Esposito K, Marfella R, Ciotola M, Di Palo C, Giugliano F, Giugliano G, D'Armiento M, 
D'Andrea F, Giugliano D. Effect of a mediterranean-style diet on endothelial dysfunction and 
markers of vascular inflammation in the metabolic syndrome: a randomized trial. JAMA. 2004 
Sep 22;292(12):1440-6. PubMed PMID: 15383514. 

Dependent variables are 
endothelial function and 
vascular inflammatory 
markers; not of interest 

197.  Estaquio C, Castetbon K, Kesse-Guyot E, Bertrais S, Deschamps V, Dauchet L, Péneau S, Galan 
P, Hercberg S. The French National Nutrition and Health Program score is associated with 
nutritional status and risk of major chronic diseases. J Nutr. 2008 May;138(5):946-53. PubMed 
PMID: 18424606. 

Dependent variable was 
major chornic diseases 
(CVD was included, but not 
analyzed separately) 

198.  Estaquio C, Druesne-Pecollo N, Latino-Martel P, Dauchet L, Hercberg S, Bertrais S. 
Socioeconomic differences in fruit and vegetable consumption among middle-aged French adults: 
adherence to the 5 A Day recommendation. J Am Diet Assoc. 2008 Dec;108(12):2021-30. 
PubMed PMID: 19027405. 
 

Did not assess dietary 
patterns as defined for the 
project (examined fruit and 
vegetable intake) 
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199.  Estruch R. Anti-inflammatory effects of the Mediterranean diet: the experience of the 
PREDIMED study. Proc Nutr Soc. 2010 Aug;69(3):333-40. Epub 2010 Jun 2. PubMed PMID: 
20515519. 

Not an original research 
article 

200.  Evans AE, Ruidavets JB, McCrum EE, Cambou JP, McClean R, Douste-Blazy P, McMaster D, 
Bingham A, Patterson CC, Richard JL, et al. Autres pays, autres coeurs? Dietary patterns, risk 
factors and ischaemic heart disease in Belfast and Toulouse. QJM. 1995 Jul;88(7):469-77. 
PubMed PMID: 7633873. 

Did not assess dietary 
patterns as defined for this 
project (examined 
macronutrients and 
individual food groups) 

201.  Falkner B, Sherif K, Michel S, Kushner H. Dietary nutrients and blood pressure in urban minority 
adolescents at risk for hypertension. Arch Pediatr Adolesc Med. 2000 Sep;154(9):918-22. 
PubMed PMID: 10980796. 

Did not assess dietary 
patterns as defined for the 
project 
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patterns meeting recommendations and subsequent mortality in 20 years. Eur J Clin Nutr. 1995 
Jun;49(6):408-19. PubMed PMID: 7656884. 

Did not assess dietary 
patterns as defined for this 
project 

203.  Farchi G, Fidanza F, Mariotti S, Menotti A. Is diet an independent risk factor for mortality? 20 
year mortality in the Italian rural cohorts of the Seven Countries Study. Eur J Clin Nutr. 1994 
Jan;48(1):19-29. PubMed PMID: 8200326. 

Did not assess dietary 
patterns as defined for this 
project 

204.  Fargnoli JL, Fung TT, Olenczuk DM, Chamberland JP, Hu FB, Mantzoros CS. Adherence to 
healthy eating patterns is associated with higher circulating total and high-molecular-weight 
adiponectin and lower resistin concentrations in women from the Nurses' Health Study. Am J Clin 
Nutr. 2008 Nov;88(5):1213-24. PubMed PMID: 18996855. 

Did not include CVD 
outcome of interest for this 
project (examined 
biomarkers of CVD) 

205.  Feart C, Alles B, Merle B, Samieri C, Barberger-Gateau P. Adherence to a Mediterranean diet 
and energy, macro-, and micronutrient intakes in older persons. J Physiol Biochem. 2012 Jul 4. 
[Epub ahead of print] PubMed PMID: 22760695. 

Cross-sectional  

206.  Féart C, Samieri C, Rondeau V, Amieva H, Portet F, Dartigues JF, Scarmeas N, Barberger-
Gateau P. Adherence to a Mediterranean diet, cognitive decline, and risk of dementia. JAMA. 
2009 Aug 12;302(6):638-48. Erratum in: JAMA. 2009 Dec 9;302(22):2436. PubMed PMID: 
19671905; PubMed Central PMCID: PMC2850376. 

Did not include a CVD 
outcome in analyses 
(examined cognitive decline 
and dementia) 

207.  Féart C, Torrès MJ, Samieri C, Jutand MA, Peuchant E, Simopoulos AP, Barberger-Gateau P. 
Adherence to a Mediterranean diet and plasma fatty acids: data from the Bordeaux sample of the 
Three-City study. Br J Nutr. 2011 Jul;106(1):149-58. Epub 2011 Feb 8. PubMed PMID: 
21303575. 

Cross-sectional analyses 

208.  Fehily AM, Pickering JE, Yarnell JW, Elwood PC. Dietary indices of atherogenicity and 
thrombogenicity and ischaemic heart disease risk: the Caerphilly Prospective Study. Br J Nutr. 
1994 Feb;71(2):249-57. PubMed PMID: 8142336. 

Does not assess dietary 
patterns as defined for this 
project 

209.  Ferdowsian HR, Barnard ND, Hoover VJ, Katcher HI, Levin SM, Green AA, Cohen JL. A 
multicomponent intervention reduces body weight and cardiovascular risk at a GEICO corporate 
site. Am J Health Promot. 2010 Jul-Aug;24(6):384-7. PMID: 20594095. 

Some subjects diagnosed 
with T2D 

210.  Ferro-Luzzi A, Strazzullo P, Scaccini C, Siani A, Sette S, Mariani MA, Mastranzo P, Dougherty 
RM, Iacono JM, Mancini M. Changing the Mediterranean diet: effects on blood lipids. Am J Clin 
Nutr. 1984 Nov;40(5):1027-37. PubMed PMID: 6496382. 

Before and after study / non-
controlled trial 

211.  Fisher M, Levine PH, Weiner B, Ockene IS, Johnson B, Johnson MH, Natale AM, Vaudreuil CH, 
Hoogasian J. The effect of vegetarian diets on plasma lipid and platelet levels. Arch Intern Med. 
1986 Jun;146(6):1193-7. PubMed PMID: 3718107. 

Insufficient sample size (n 
per group = 10, 15, 25) 

212.  Fitó M, Guxens M, Corella D, Sáez G, Estruch R, de la Torre R, Francés F, Cabezas C, López-
Sabater Mdel C, Marrugat J, García-Arellano A, Arós F, Ruiz-Gutierrez V, Ros E, Salas-Salvadó 
J, Fiol M, Solá R, Covas MI; for the PREDIMED Study Investigators. Effect of a traditional 
Mediterranean diet on lipoprotein oxidation: a randomized controlled trial. Arch Intern Med. 2007 
Jun 11;167(11):1195-203. PubMed PMID: 17563030. 

Dependent variable is vivo 
lipoprotein oxidation; not of 
interest 

213.  Fleming RM. The effect of high-protein diets on coronary blood flow. Angiology. 2000 
Oct;51(10):817-26. PubMed PMID: 11108325. 

Insufficient sample size (n = 
26) 
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214.  Fogli-Cawley JJ, Dwyer JT, Saltzman E, McCullough ML, Troy LM, Meigs JB, Jacques PF. The 
2005 Dietary Guidelines for Americans and risk of the metabolic syndrome. Am J Clin Nutr. 
2007 Oct;86(4):1193-201. PMID: 17921402. 

Cross-sectional 

215.  Folsom AR, Chambless LE, Duncan BB, Gilbert AC, Pankow JS; Atherosclerosis Risk in 
Communities Study Investigators. Prediction of coronary heart disease in middle-aged adults with 
diabetes. Diabetes Care. 2003 Oct;26(10):2777-84. PubMed PMID: 14514579. 

Participants diagnosed with 
type 2 diabetes 

216.  Fontana L, Meyer TE, Klein S, Holloszy JO. Long-term low-calorie low-protein vegan diet and 
endurance exercise are associated with low cardiometabolic risk. Rejuvenation Res. 2007 
Jun;10(2):225-34. PubMed PMID: 17518696. 

Cross-sectional analyses 

217.  Forman JP, Stampfer MJ, Curhan GC. Diet and lifestyle risk factors associated with incident 
hypertension in women. JAMA. 2009 Jul 22;302(4):401-11. PubMed PMID: 19622819; PubMed 
Central PMCID: PMC2803081 

Did not examine diet 
separate from lifestyle 
factors 

218.  Frank GC, Farris RP, Cresanta JL, Webber LS, Berenson GS. Dietary trends of 10- and 13-year-
old children in a biracial community--the Bogalusa Heart Study. Prev Med. 1985 Jan;14(1):123-
39. PubMed PMID: 3875851. 

Does not examine CVD 
outcomes (describes dietary 
intake) 

219.  Franklin TL, Kolasa KM, Griffin K, Mayo C, Badenhop DT. Adherence to very-low-fat diet by a 
group of cardiac rehabilitation patients in the rural southeastern United States. Arch Fam Med. 
1995 Jun;4(6):551-4. PubMed PMID: 7773433. 

Insufficient sample size 
(n=10) 

220.  Fraser A, Abel R, Lawlor DA, Fraser D, Elhayany A. A modified Mediterranean diet is associated 
with the greatest reduction in alanine aminotransferase levels in obese type 2 diabetes patients: 
results of a quasi-randomised controlled trial. Diabetologia. 2008 Sep;51(9):1616-22. Epub 2008 
Jul 3. PubMed PMID: 18597068. 

Participants diagnosed with 
type 2 diabetes 

221.  Fraser GE, Babaali H. Determinants of high density lipoprotein cholesterol in middle-aged 
Seventh-Day Adventist men and their neighbors. Am J Epidemiol. 1989 Nov;130(5):958-65. 
PubMed PMID: 2816903. 

Does not assess dietary 
patterns as defined for the 
project (examined fish and 
alcohol consumption) 

222.  Fraser GE, Lindsted KD, Beeson WL. Effect of risk factor values on lifetime risk of and age at 
first coronary event. The Adventist Health Study. Am J Epidemiol. 1995 Oct 1;142(7):746-58. 
PubMed PMID: 7572946. 

Did not examine CVD 
outcome included in review 
(e.g., examined predicted 
age of onset of first coronary 
event) 

223.  Fraser GE, Shavlik DJ. Risk factors for all-cause and coronary heart disease mortality in the 
oldest-old. The Adventist Health Study. Arch Intern Med. 1997 Oct 27;157(19):2249-58. PubMed 
PMID: 9343002. 

Study assessed selected 
foods associated with CVD 
risk, not a dietary pattern as 
defined for the project 

224.  Fraser GE. Associations between diet and cancer, ischemic heart disease, and all-cause mortality 
in non-Hispanic white California Seventh-day Adventists. Am J Clin Nutr. 1999 Sep;70(3 
Suppl):532S-538S. PubMed PMID: 10479227. 

Did not examine relationship 
between dietary patterns and 
CVD outcome; examined 
individual food groups  

225.  Frattaroli J, Weidner G, Merritt-Worden TA, Frenda S, Ornish D. Angina pectoris and 
atherosclerotic risk factors in the multisite cardiac lifestyle intervention program. Am J Cardiol. 
2008 Apr 1;101(7):911-8. Epub 2008 Jan 28. PubMed PMID: 18359307. 

Participants diagnosed with 
coronary artery disease 

226.  Fredrikson GN, Hedblad B, Nilsson JA, Alm R, Berglund G, Nilsson J. Association between diet, 
lifestyle, metabolic cardiovascular risk factors, and plasma C-reactive protein levels. Metabolism. 
2004 Nov;53(11):1436-42. PubMed PMID: 15536598. 

Cross-sectional analyses 

227.  Frentzel-Beyme R, Claude J, Eilber U. Mortality among German vegetarians: first results after 
five years of follow-up. Nutr Cancer. 1988;11(2):117-26. PubMed PMID: 3362722. 
 
 
 

Same cohort as Chang-
Claude et al, 2005 which 
was included 
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228.  Froger-Bompas C, Laviolle B, Guillo P, Letellier C, Ligier K, Daubert JC, Paillard F. Sustained 
positive impact of a coronary rehabilitation programme on adherence to dietary 
recommendations. Arch Cardiovasc Dis. 2009 Feb;102(2):97-104. Epub 2009 Jan 29. PubMed 
PMID: 19303576. 

Participants were coronary 
patients 

229.  Fu CH, Yang CC, Lin CL, Kuo TB. Effects of long-term vegetarian diets on cardiovascular 
autonomic functions in healthy postmenopausal women. Am J Cardiol. 2006 Feb 1;97(3):380-3. 
PubMed PMID: 16442400. 

Cross-sectional analyses 
(vegetarians vs omnivores) 

230.  Fuentes F, López-Miranda J, Pérez-Martínez P, Jiménez Y, Marín C, Gómez P, Fernández JM, 
Caballero J, Delgado-Lista J, Pérez-Jiménez F. Chronic effects of a high-fat diet enriched with 
virgin olive oil and a low-fat diet enriched with alpha-linolenic acid on postprandial endothelial 
function in healthy men. Br J Nutr. 2008 Jul;100(1):159-65. Epub 2008 Feb 14. PubMed PMID: 
18275619. 

Insufficient sample size 
(n=20) 

 

231.  Fuentes F, López-Miranda J, Sánchez E, Sánchez F, Paez J, Paz-Rojas E, Marín C, Gómez P, 
Jimenez-Perepérez J, Ordovás JM, Pérez-Jiménez F. Mediterranean and low-fat diets improve 
endothelial function in hypercholesterolemic men. Ann Intern Med. 2001 Jun 19;134(12):1115-9. 
PubMed PMID: 11412051. 

Insufficient sample size 
(n=22) 

232.  Fung TT, Hu FB, Hankinson SE, Willett WC, Holmes MD. Low-carbohydrate diets, dietary 
approaches to stop hypertension-style diets, and the risk of postmenopausal breast cancer. Am J 
Epidemiol. 2011 Sep 15;174(6):652-60. Epub 2011 Aug 10. PubMed PMID: 21832271; PubMed 
Central PMCID: PMC3166708. 

Did not consider a CVD 
outcome (examined 
postmenopausal breast 

233.  Fung TT, Hu FB, Schulze M, Pollak M, Wu T, Fuchs CS, Giovannucci E. A dietary pattern that is 
associated with C-peptide and risk of colorectal cancer in women. Cancer Causes Control. 2012 
Jun;23(6):959-65. Epub 2012 Apr 26. PubMed PMID: 22535146. 

Dependent variables were 
colorectal cancer and c-
peptide concentration; may 
be relevant for Cancer Sys 
Rev 

234.  Fung TT, Hu FB, Wu K, Chiuve SE, Fuchs CS, Giovannucci E. The Mediterranean and Dietary 
Approaches to Stop Hypertension (DASH) diets and colorectal cancer. Am J Clin Nutr. 2010 
Dec;92(6):1429-35. PubMed PMID: 21097651; PubMed Central PMCID: PMC2980967. 

Did not consider a CVD 
outcome (examined 
colorectal cancer) 

235.  Fung TT, Malik V, Rexrode KM, Manson JE, Willett WC, Hu FB. Sweetened beverage 
consumption and risk of coronary heart disease in women. Am J Clin Nutr. 2009 Apr;89(4):1037-
42. Epub 2009 Feb 11. PubMed PMID: 19211821; PubMed Central PMCID: PMC2667454. 

Did not consider dietary 
patterns as defined for this 
project (examined SSB 
intake) 

236.  Fung TT, McCullough ML, Newby PK, Manson JE, Meigs JB, Rifai N, Willett WC, Hu FB. 
Diet-quality scores and plasma concentrations of markers of inflammation and endothelial 
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Autopsy study; does not 
include dependent variable 
(omega-3) 

515.  McMurry MP, Cerqueira MT, Connor SL, Connor WE. Changes in lipid and lipoprotein levels 
and body weight in Tarahumara Indians after consumption of an affluent diet. N Engl J Med. 
1991 Dec 12;325(24):1704-8. PubMed PMID: 1944471. 

13 Subjects 

516.  McNaughton SA, Mishra GD, Brunner EJ. Dietary patterns, insulin resistance, and incidence of 
type 2 diabetes in the Whitehall II Study. Diabetes Care. 2008 Jul;31(7):1343-8. Epub 2008 Apr 
4. PubMed PMID: 18390803; PubMed Central PMCID: PMC2453656. 

 Subjects with type 2 
diabetes 

517.  McNaughton SA, Mishra GD, Stephen AM, Wadsworth ME. Dietary patterns throughout adult 
life are associated with body mass index, waist circumference, blood pressure, and red cell folate. 
J Nutr. 2007 Jan;137(1):99-105. PubMed PMID: 17182808. 

Cross-sectional  

518.  Méjean C, Traissac P, Eymard-Duvernay S, El Ati J, Delpeuch F, Maire B. Diet quality of North 
African migrants in France partly explains their lower prevalence of diet-related chronic 
conditions relative to their native French peers. J Nutr. 2007 Sep;137(9):2106-13. PMID: 
17709450. 

Study design was 
retrospective cohort 

519.  Melby CL, Goldflies DG, Hyner GC, Lyle RM. Relation between vegetarian/nonvegetarian diets 
and blood pressure in black and white adults. Am J Public Health. 1989 Sep;79(9):1283-8. 
PubMed PMID: 2764208; PubMed Central PMCID: PMC1349705. 

Cross-sectional 

520.  Melby CL, Toohey ML, Cebrick J. Blood pressure and blood lipids among vegetarian, 
semivegetarian, and nonvegetarian African Americans. Am J Clin Nutr. 1994 Jan;59(1):103-9. 
PubMed PMID: 8279389. 

Descriptive study 

521.  Melchert HU, Limsathayourat N, Mihajlović H, Eichberg J, Thefeld W, Rottka H. Fatty acid 
patterns in triglycerides, diglycerides, free fatty acids, cholesteryl esters and phosphatidylcholine 
in serum from vegetarians and non-vegetarians. Atherosclerosis. 1987 May;65(1-2):159-66. 
PubMed PMID: 3606730. 
 

Cross-sectional  
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522.  Mente A, de Koning L, Shannon HS, Anand SS. A systematic review of the evidence supporting 
a causal link between dietary factors and coronary heart disease. Arch Intern Med. 2009 Apr 
13;169(7):659-69. Review. PubMed PMID: 19364995. 

Systematic review 

523.  Messner T, Erkstam UB, Gustafsson IB, Nilsson SB, Vessby B. Diet and dietary markers in 
Kiruna and Uppsala, Sweden--a comparison. Int J Circumpolar Health. 1997 Apr;56(1-2):21-9. 
PubMed PMID: 9300843. 

Case-control study 

524.  Metcalf PA, Scragg RR, Schaaf D, Dyall L, Black PN, Jackson R. Dietary intakes of European, 
Māori, Pacific and Asian adults living in Auckland: the Diabetes, Heart and Health Study. Aust N 
Z J Public Health. 2008 Oct;32(5):454-60. PubMed PMID: 18959550. 

Cross-sectional  

525.  Metcalf PA, Stevens J, Shimakawa T, Hutchinson RG, Schmidt M, Dennis BH, Davis CE, Heiss 
G. Comparison of diets of NIDDM and non-diabetic African Americans and whites: The 
atherosclerosis risk in communities study. Nutrition Research. 1998;18(3):447-456. 

Cross-sectional 

526.  Meyer KA, Kushi LH, Jacobs DR Jr, Folsom AR. Dietary fat and incidence of type 2 diabetes in 
older Iowa women. Diabetes Care. 2001 Sep;24(9):1528-35. PubMed PMID: 11522694. 

Outcome was incidence of 
type 2 diabetes 

527.  Mezzano D, Leighton F, Martínez C, Marshall G, Cuevas A, Castillo O, Panes O, Muñoz B, 
Pérez DD, Mizón C, Rozowski J, San Martín A, Pereira J. Complementary effects of 
Mediterranean diet and moderate red wine intake on haemostatic cardiovascular risk factors. Eur J 
Clin Nutr. 2001 Jun;55(6):444-51. PubMed PMID: 11423921. 

Does not include 
independent variable 
(Alcohol) 

528.  Mezzano D, Leighton F, Strobel P, Martínez C, Marshall G, Cuevas A, Castillo O, Panes O, 
Muñoz B, Rozowski J, Pereira J. Mediterranean diet, but not red wine, is associated with 
beneficial changes in primary haemostasis. Eur J Clin Nutr. 2003 Mar;57(3):439-46. PubMed 
PMID: 12627181. 

Does not include 
independent variable 
(Alcohol) 

529.  Mezzano D, Muñoz X, Martínez C, Cuevas A, Panes O, Aranda E, Guasch V, Strobel P, Muñoz 
B, Rodríguez S, Pereira J, Leighton F. Vegetarians and cardiovascular risk factors: hemostasis, 
inflammatory markers and plasma homocysteine. Thromb Haemost. 1999 Jun;81(6):913-7. 
PubMed PMID: 10404767. 

Does not include dependent 
variable (inflammatory 
markers) 

530.  Mia FB, Vorster HH. Coronary heart disease risk factors in Indian adolescents - The role of diet. 
Cardiovascular Journal of Southern Africa. 2000;11(2):68-75. 

Cross-sectional 

531.  Michalsen A, Lehmann N, Pithan C, Knoblauch NT, Moebus S, Kannenberg F, Binder L, Budde 
T, Dobos GJ. Mediterranean diet has no effect on markers of inflammation and metabolic risk 
factors in patients with coronary artery disease. Eur J Clin Nutr. 2006 Apr;60(4):478-85. PubMed 
PMID: 16306923. 

Participants diagnosed with 
coronary artery disease 

532.  Mikkilä V, Räsänen L, Laaksonen MM, Juonala M, Viikari J, Pietinen P, Raitakari OT. Long-
term dietary patterns and carotid artery intima media thickness: the Cardiovascular Risk in Young 
Finns Study. Br J Nutr. 2009 Nov;102(10):1507-12. Epub 2009 Oct 8. PubMed PMID: 19811695. 

Dependent variable is intima 
media thickness 

533.  Mikkilä V, Räsänen L, Raitakari OT, Pietinen P, Viikari J. Consistent dietary patterns identified 
from childhood to adulthood: the cardiovascular risk in Young Finns Study. Br J Nutr. 2005 
Jun;93(6):923-31. PubMed PMID: 16022763. 

Descriptive study  

534.  Millen BE, Franz MM, Quatromoni PA, Gagnon DR, Sonnenberg LM, Ordovas JM, Wilson PW, 
Schaefer EJ, Cupples LA. Diet and plasma lipids in women. I. Macronutrients and plasma total 
and low-density lipoprotein cholesterol in women: the Framingham nutrition studies. J Clin 
Epidemiol. 1996 Jun;49(6):657-63. PubMed PMID: 8656227. 

Cross-sectional 

535.  Millen BE, Quatromoni PA, Copenhafer DL, Demissie S, O'Horo CE, D'Agostino RB. Validation 
of a dietary pattern approach for evaluating nutritional risk: the Framingham Nutrition Studies. J 
Am Diet Assoc. 2001 Feb;101(2):187-94. PubMed PMID: 11271691. 

Validation study 

536.  Millen BE, Quatromoni PA, Nam BH, O'Horo CE, Polak JF, D'Agostino RB. Dietary patterns 
and the odds of carotid atherosclerosis in women: the Framingham Nutrition Studies. Prev Med. 
2002 Dec;35(6):540-7. PMID: 12460521. 
 
 

Dependent variable is 
carotid atherosclerosis 
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537.  Millen BE, Quatromoni PA, Nam BH, O'Horo CE, Polak JF, Wolf PA, D'Agostino RB; 
Framingham Nutrition Studies. Dietary patterns, smoking, and subclinical heart disease in 
women: opportunities for primary prevention from the Framingham Nutrition Studies. J Am Diet 
Assoc. 2004 Feb;104(2):208-14. PubMed PMID: 14760568. 

Dependent variable is 
carotid atherosclerosis 

538.  Millen BE, Quatromoni PA, Nam BH, Pencina MJ, Polak JF, Kimokoti RW, Ordovas JM, 
D'Agostino RB. Compliance with expert population-based dietary guidelines and lower odds of 
carotid atherosclerosis in women: the Framingham Nutrition Studies. Am J Clin Nutr. 2005 
Jul;82(1):174-80. PubMed PMID: 16002816. 

Dependent variable is 
carotid atherosclerosis 

539.  Miller ER 3rd, Erlinger TP, Sacks FM, Svetkey LP, Charleston J, Lin PH, Appel LJ. A dietary 
pattern that lowers oxidative stress increases antibodies to oxidized LDL: results from a 
randomized controlled feeding study. Atherosclerosis. 2005 Nov;183(1):175-82. Epub 2005 Apr 
18. PubMed PMID: 16216596. 

Dependent variables are 
oxidative stress and oxidized 
LDL 

540.  Mimura G, Nakamasu J, Irie M. Incidence of hyperlipemia in diabetics in Okinawa and its 
relation to ischemic heart disease. Tohoku J Exp Med. 1983 Dec;141 Suppl:611-7. PubMed 
PMID: 6680539. 

Cross-sectional 

541.  Min C, Noh H, Kang YS, Sim HJ, Baik HW, Song WO, Yoon J, Park YH, Joung H. Breakfast 
patterns are associated with metabolic syndrome in Korean adults. Nutr Res Pract. 2012 
Feb;6(1):61-7. Epub 2012 Feb 29. PubMed PMID: 22413042; PubMed Central PMCID: 
PMC3296924. 

Assessed dietary patterns 
only for breakfast 

542.  Mirmiran P, Azadbakht L, Azizi F. Dietary quality-adherence to the dietary guidelines in 
Tehranian adolescents: Tehran Lipid and Glucose Study. Int J Vitam Nutr Res. 2005 
May;75(3):195-200. PubMed PMID: 16028635. 

Cross-sectional analyses 

543.  Miura K, Greenland P, Stamler J, Liu K, Daviglus ML, Nakagawa H. Relation of vegetable, fruit, 
and meat intake to 7-year blood pressure change in middle-aged men: the Chicago Western 
Electric Study. Am J Epidemiol. 2004 Mar 15;159(6):572-80. PubMed PMID: 15003961. 

Examined individual food 
groups and BP 

544.  Mizushima S, Moriguchi EH, Ishikawa P, Hekman P, Nara Y, Mimura G, Moriguchi Y, Yamori 
Y. Fish intake and cardiovascular risk among middle-aged Japanese in Japan and Brazil. J 
Cardiovasc Risk. 1997 Jun;4(3):191-9. PubMed PMID: 9475674. 

Does not include dependent 
variable (fish consumption) 

545.  Moghadasi M, Nikbakht M, et al. Association between lifestyle status and dyslipidemia in ilam 
adults. Iranian Journal of Endocrinology and Metabolism. 2011;13(2):137-144+223. 

Cross-sectional 

546.  Mohammadifard N, Sarrafzadegan N, Nouri F, Sajjadi F, Alikhasi H, Maghroun M, Kelishadi R, 
Iraji F, Rahmati M. Using factor analysis to identify dietary patterns in Iranian adults: Isfahan 
Healthy Heart Program. Int J Public Health. 2012 Feb;57(1):235-41. Epub 2011 May 5. PMID: 
21544530. 

Cross-sectional; did not 
consider body weight 
measures as outcomes 

547.  Mohan S, Wilkes L, Jackson D. Lifestyle of Asian Indians with coronary heart disease: the 
Australian context. Collegian. 2008;15(3):115-21. PubMed PMID: 18780678. 

Descriptive study 

548.  Mohindra NA, Nicklas TA, O'neil CE, Yang SJ, Berenson GS. Eating patterns and overweight 
status in young adults: the Bogalusa Heart Study. Int J Food Sci Nutr. 2009;60 Suppl 3:14-25. 
Epub 2009 May 21. PubMed PMID: 19462322; PubMed Central PMCID: PMC2769992. 

Cross-sectional  

549.  Mojonnier ML, Hall Y, Berkson DM, Robinson E, Wethers B, Pannbacker B, Moss D, Pardo E, 
Stamler J, Shekelle RB, Raynor W. Experience in changing food habits of hyperlipidemic men 
and women. J Am Diet Assoc. 1980 Aug;77(2):140-8. PubMed PMID: 7400495. 

Dependent variable was 
education program 
effectiveness to change 
dietary habits 

550.  Mok VK, Sit JW, Tsang AS, Chair SY, Cheng TL, Chiang CS. A Controlled Trial of a Nurse 
Follow-up Dietary Intervention on Maintaining a Heart-Healthy Dietary Pattern Among Patients 
After Myocardial Infarction. J Cardiovasc Nurs. 2012 May 1. [Epub ahead of print] PubMed 
PMID: 22534471.  

All subjects diagnosed with 
myocardial infarction 

551.  Moore LL, Bradlee ML, Singer MR, Qureshi MM, Buendia JR, Daniels SR. Dietary Approaches 
to Stop Hypertension (DASH) eating pattern and risk of elevated blood pressure in adolescent 
girls. Br J Nutr. 2012 Jan 16:1-8. [Epub ahead of print] PubMed PMID: 22243687 

Diet pattern not assessed 
using an index or score 
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552.  Moore LL, Singer MR, Bradlee ML, Djoussé L, Proctor MH, Cupples LA, Ellison RC. Intake of 
fruits, vegetables, and dairy products in early childhood and subsequent blood pressure change. 
Epidemiology. 2005 Jan;16(1):4-11. PubMed PMID: 15613939. 

Does not include independent 
variable (analysis was 
performed on some foods) 

553.  Moore TJ, Alsabeeh N, Apovian CM, Murphy MC, Coffman GA, Cullum-Dugan D, Jenkins M, 
Cabral H. Weight, blood pressure, and dietary benefits after 12 months of a Web-based Nutrition 
Education Program (DASH for health): longitudinal observational study. J Med Internet Res. 
2008 Dec 12;10(4):e52. PMID: 19073541. 

Drop out rate >20% (74%) 

554.  Moore TJ, Conlin PR, Ard J, Svetkey LP. DASH (Dietary Approaches to Stop Hypertension) diet 
is effective treatment for stage 1 isolated systolic hypertension. Hypertension. 2001 
Aug;38(2):155-8. PubMed PMID: 11509468. 

Intervention N<30/arm 
 

555.  Moreno Vazquez JM, Garcia Alcon JL, Campillo Alvarez JE. Influence of diet and physical 
exercise on plasma lipid concentrations in an homogeneous sample of young Spanish Air Force 
pilots. Eur J Appl Physiol Occup Physiol. 1994;69(1):75-80. PubMed PMID: 7957160.  

Study did not assess a 
dietary pattern as defined for 
the project.   

556.  Moriguchi EH, Moriguchi Y, Yamori Y. Impact of diet on the cardiovascular risk profile of Japanese 
immigrants living in Brazil: contributions of World Health Organization CARDIAC and MONALISA 
studies. Clin Exp Pharmacol Physiol. 2004 Dec;31 Suppl 2:S5-7. PubMed PMID: 18254187. 

Cross-sectional  

557.  Mozaffarian D, Kumanyika SK, Lemaitre RN, Olson JL, Burke GL, Siscovick DS. Cereal, fruit, 
and vegetable fiber intake and the risk of cardiovascular disease in elderly individuals. JAMA. 
2003 Apr 2;289(13):1659-66. PubMed PMID: 12672734. 

Independent variables were 
individual food groups 

558.  Munch-Andersen T, Olsen DB, Søndergaard H, Daugaard JR, Bysted A, Christensen DL, Saltin 
B, Helge JW. Metabolic profile in two physically active Inuit groups consuming either a western 
or a traditional Inuit diet. Int J Circumpolar Health. 2012 Mar 19;71:17342. doi: 
10.3402/ijch.v71i0.17342. PubMed PMID: 22456044. 

Cross-sectional 

559.  Murie M, Buil P, Irimia P, Toledo E, Riverol M, Martinez E et al. Effect of Mediterranean diet on 
carotid intima-media thickness progression in patients with high vascular risk. Cerebrovascular 
Diseases. 2010;29(Suppl 1):21. 

Dependent variable carotid 
intima-media thickness 

560.  Muros Molina JJ, Oliveras López MJ, Mayor Reyes M, Reyes Burgos T, López García de la 
Serrana H. Influence of physical activity and dietary habits on lipid profile, blood pressure and 
BMI in subjects with metabolic syndrome. Nutr Hosp. 2011 Sep-Oct;26(5):1105-9. PubMed 
PMID: 22072359. 

Doesn’t address the 
question; determined the 
influence of physical activity 
and dietary habits 

561.  Nafar M, Noori N, Jalali-Farahani S, Hosseinpanah F, Poorrezagholi F, Ahmadpoor P, Samadian 
F, Firouzan A, Einollahi B. Mediterranean diets are associated with a lower incidence of 
metabolic syndrome one year following renal transplantation. Kidney Int. 2009 Dec;76(11):1199-
206. Epub 2009 Sep 9. PMID: 19741589. 

Subjects were renal 
transplant patients 

562.  Nagura J, Iso H, Watanabe Y, Maruyama K, Date C, Toyoshima H, Yamamoto A, Kikuchi S, 
Koizumi A, Kondo T, Wada Y, Inaba Y, Tamakoshi A; JACC Study Group. Fruit, vegetable and 
bean intake and mortality from cardiovascular disease among Japanese men and women: the 
JACC Study. Br J Nutr. 2009 Jul;102(2):285-92. Epub 2009 Jan 13. PubMed PMID: 19138438. 

Does not include 
independent variable 
(analysis was performed on 
fruits and vegetables) 

563.  Nagyová A, Kudlácková M, Grancicová E, Magálová T. LDL oxidizability and antioxidative 
status of plasma in vegetarians. Ann Nutr Metab. 1998;42(6):328-32. PMID: 9895420. 

Insufficient sample size 
(n=19 per group) 

564.  Nakamura Y, Hozawa A, Turin TC, Takashima N, Okamura T, Hayakawa T, Kita Y, Okayama 
A, Miura K, Ueshima H; NIPPON DATA80 Research Group. Dietary habits in middle age and 
future changes in activities of daily living - NIPPON DATA80. Gerontology. 2009;55(6):707-13. 
Epub 2009 Aug 28. PubMed PMID: 19713695. 

Does not include 
independent variable 
(analysis was performed on 
meat, fish and egg) 

565.  Nestel PJ, Billington T, Smith B. Low density and high density lipoprotein kinetics and sterol 
balance in vegetarians. Metabolism. 1981 Oct;30(10):941-5. PubMed PMID: 7278649. 

Total sample size=13 

566.  Nettleton JA, Matijevic N, Follis JL, Folsom AR, Boerwinkle E. Associations between dietary 
patterns and flow cytometry-measured biomarkers of inflammation and cellular activation in the 
Atherosclerosis Risk in Communities (ARIC) Carotid Artery MRI Study. Atherosclerosis. 2010 
Sep;212(1):260-7. Epub 2010 Apr 29. PubMed PMID: 20537646; PubMed Central PMCID: 
PMC2933270. 

Cross-sectional analysis 
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567.  Nettleton JA, Schulze MB, Jiang R, Jenny NS, Burke GL, Jacobs DR Jr. A priori-defined dietary 
patterns and markers of cardiovascular disease risk in the Multi-Ethnic Study of Atherosclerosis 
(MESA). Am J Clin Nutr. 2008 Jul;88(1):185-94. PubMed PMID: 18614740; PubMed Central 
PMCID: PMC2504029. 

Cross-sectional analysis 

568.  Nettleton JA, Steffen LM, Loehr LR, Rosamond WD, Folsom AR. Incident heart failure is 
associated with lower whole-grain intake and greater high-fat dairy and egg intake in the 
Atherosclerosis Risk in Communities (ARIC) study. J Am Diet Assoc. 2008 Nov;108(11):1881-7. 
PubMed PMID: 18954578; PubMed Central PMCID: PMC2650810. 

Does not include 
independent variable 
(analysis was performed on 
foods) 

569.  Nettleton JA, Steffen LM, Mayer-Davis EJ, Jenny NS, Jiang R, Herrington DM, Jacobs DR Jr. 
Dietary patterns are associated with biochemical markers of inflammation and endothelial 
activation in the Multi-Ethnic Study of Atherosclerosis (MESA). Am J Clin Nutr. 2006 
Jun;83(6):1369-79. PubMed PMID: 16762949; PubMed Central PMCID: PMC2933059. 

Cross-sectional analysis 
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2006;2(4):337-342. 

Review article 
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of the metabolic syndrome in a Taiwanese cohort. Asia Pac J Clin Nutr. 2011;20(3):404-10. 
PubMed PMID: 21859659. 

Subjects from Taiwan 
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PubMed PMID: 3866184. 

Narrative review 
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Daviglus ML, Van Horn L. Nutrient and food intakes of middle-aged adults at low risk of 
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Cross-sectional 
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cholesterol, and death from coronary heart disease. The Western Electric study. N Engl J Med. 
1981 Jan 8;304(2):65-70. PubMed PMID: 7442730. 

Did not assess dietary patterns 
as defined for this project 
(scores assessed with fats) 
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Winters BL, Khoo CS, Foreyt JP. Weight loss in individuals with metabolic syndrome given 
DASH diet counseling when provided a low sodium vegetable juice: a randomized controlled 
trial. Nutr J. 2010 Feb 23;9:8. PMID: 20178625. 

Examined effect of 
consuming a low sodium 
vegetable group on 
vegetable intake and weight 
loss 

751.  Sherafat-Kazemzadeh R, Egtesadi S, Mirmiran P, Gohari M, Farahani SJ, Esfahani FH, Vafa MR, 
Hedayati M, Azizi F. Dietary patterns by reduced rank regression predicting changes in obesity 
indices in a cohort study: Tehran Lipid and Glucose Study. Asia Pac J Clin Nutr. 2010;19(1):22-
32. PubMed PMID: 20199984. 

Did not examine CVD; 
examined obesity indices 
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systematic review. Nutr Rev. 2012 Aug;70(8):423-35. doi: 10.1111/j.1753-4887.2012.00490.x. 
PubMed PMID: 22835136. 

Systematic review 
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ARIC Study Investigators. Prev Med. 1994 Nov;23(6):769-80. PubMed PMID: 7855109. 

Cross-sectional  

754.  Shin A, Lim SY, Sung J, Shin HR, Kim J. Dietary intake, eating habits, and metabolic syndrome 
in Korean men. J Am Diet Assoc. 2009 Apr;109(4):633-40. PubMed PMID: 19328258. 

Cross-sectional  

755.  Shiue I. Mediterranean diet and risk of hemorrhagic stroke: yes or no? Am J Clin Nutr. 2012 
Jun;95(6):1495. PubMed PMID: 22611077; PubMed Central PMCID: PMC3349459. 

Comment 

756.  Shultz TD, Leklem JE. Nutrient intake and hormonal status of premenopausal vegetarian 
Seventh-day Adventists and premenopausal nonvegetarians. Nutr Cancer. 1983;4(4):247-59. 
PubMed PMID: 6224137. 

Did  not examine CVD; 
examined hormonal status 

757.  Simell O, Niinikoski H, Rönnemaa T, Raitakari OT, Lagström H, Laurinen M, Aromaa M, 
Hakala P, Jula A, Jokinen E, Välimäki I, Viikari J; STRIP Study Group. Cohort Profile: the 
STRIP Study (Special Turku Coronary Risk Factor Intervention Project), an Infancy-onset 
Dietary and Life-style Intervention Trial. Int J Epidemiol. 2009 Jun;38(3):650-5. Epub 2008 Apr 
22. PubMed PMID: 18430753. 

Descriptive study 

758.  Simon C, Nuttens MC, Ruidavets JB, Bingham A, Schlienger JL, Saini J, Cambou JP, Richard 
JL, Romon M, Hedelin G. Blood pressure and dietary intake in a French population sample from 
three regions. Rev Epidemiol Sante Publique. 1990;38(5-6):531-8. PubMed PMID: 2082462. 

Cross-sectional  

759.  Simonsen T, Vårtun A, Lyngmo V, Nordøy A. Coronary heart disease, serum lipids, platelets and 
dietary fish in two communities in northern Norway. Acta Med Scand. 1987;222(3):237-45. 
PubMed PMID: 3425379. 

Did not examine dietary 
patterns; examined individual 
foods and nutrients 

760.  Simons-Morton DG, Hunsberger SA, Van Horn L, Barton BA, Robson AM, McMahon RP, 
Muhonen LE, Kwiterovich PO, Lasser NL, Kimm SY, Greenlick MR. Nutrient intake and blood 
pressure in the Dietary Intervention Study in Children. Hypertension. 1997 Apr;29(4):930-6. 
PubMed PMID: 9095079. 

Did not assess dietary 
patterns as defined for this 
project (examined 
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nutrients and BP) 
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Effect of an Indo-Mediterranean diet on progression of coronary artery disease in high risk 
patients (Indo-Mediterranean Diet Heart Study): a randomised single-blind trial. Lancet. 2002 
Nov 9;360(9344):1455-61. PubMed PMID: 12433513. 

Subjects from India 

762.  Singh RB, Ghosh S, Singh R. Effects on serum lipids of adding fruits and vegetables to prudent 
diet in the Indian Experiment of Infarct Survival (IEIS). Cardiology. 1992;80(3-4):283-93. 
PubMed PMID: 1511475. 

Subjects from India 

763.  Singh RB, Niaz MA, Ghosh S, Singh R, Rastogi SS. Effect on mortality and reinfarction of 
adding fruits and vegetables to a prudent diet in the Indian experiment of infarct survival (IEIS). J 
Am Coll Nutr. 1993 Jun;12(3):255-61. PubMed PMID: 8409079. 

Subjects from India 

764.  Singh RB, Niaz MA, Ghosh S. Effect on central obesity and associated disturbances of low-
energy, fruit- and vegetable-enriched prudent diet in north Indians. Postgrad Med J. 1994 
Dec;70(830):895-900. PubMed PMID: 7870637; PubMed Central PMCID: PMC2398005. 

India is a medium HDI 
country 

765.  Sirtori CR, Tremoli E, Gatti E, Montanari G, Sirtori M, Colli S, Gianfranceschi G, Maderna P, 
Dentone CZ, Testolin G, et al. Controlled evaluation of fat intake in the Mediterranean diet: 
comparative activities of olive oil and corn oil on plasma lipids and platelets in high-risk patients. 
Am J Clin Nutr. 1986 Nov;44(5):635-42. PubMed PMID: 3094360. 

Insufficient sample size 
(n=23) 

766.  Slattery ML, Schumacher MC, Hunt SC, Williams RR. The associations between family history 
of coronary heart disease, physical activity, dietary intake and body size. Int J Sports Med. 1993 
Feb;14(2):93-9. PubMed PMID: 8463031. 

Cross-sectional  

767.  Snell-Bergeon JK, Chartier-Logan C, Maahs DM, Ogden LG, Hokanson JE, Kinney GL, Eckel 
RH, Ehrlich J, Rewers M. Adults with type 1 diabetes eat a high-fat atherogenic diet that is 
associated with coronary artery calcium. Diabetologia. 2009 May;52(5):801-9. Epub 2009 Feb 
14. PubMed PMID: 19219420; PubMed Central PMCID: PMC2896567. 

Subjects with type 1 diabetes 

768.  Snetselaar L, Stumbo P, Chenard C, Ahrens L, Smith K, Zimmerman B. Adolescents eating diets 
rich in either lean beef or lean poultry and fish reduced fat and saturated fat intake and those 
eating beef maintained serum ferritin status. J Am Diet Assoc. 2004 Mar;104(3):424-8. PubMed 
PMID: 14993866. 

Did not examine dietary 
patterns; examined beef, 
poultry, and fish 

769.  Sodjinou R, Agueh V, Fayomi B, Delisle H. Dietary patterns of urban adults in Benin: 
relationship with overall diet quality and socio-demographic characteristics. Eur J Clin Nutr. 2009 
Feb;63(2):222-8. Epub 2007 Sep 12. PubMed PMID: 17851458. 

Subjects from Benin 
 

770.  Sofi F, Cesari F, Abbate R, Gensini GF, Casini A. Adherence to Mediterranean diet and health 
status: meta-analysis. BMJ. 2008 Sep 11;337:a1344. doi: 10.1136/bmj.a1344. Review. PubMed 
PMID: 18786971; PubMed Central PMCID: PMC2533524. 

Meta-analysis 

771.  Sofi F, Vecchio S, Giuliani G, Martinelli F, Marcucci R, Gori AM, Fedi S, Casini A, Surrenti C, 
Abbate R, Gensini GF. Dietary habits, lifestyle and cardiovascular risk factors in a clinically 
healthy Italian population: the 'Florence' diet is not Mediterranean. Eur J Clin Nutr. 2005 
Apr;59(4):584-91. Erratum in: Eur J Clin Nutr. 2005 May;59(5):731. Martinelli, F [added]. 
PubMed PMID: 15741987. 

Cross-sectional  

772.  Sofi F. The Mediterranean diet revisited: evidence of its effectiveness grows. Curr Opin Cardiol. 
2009 Sep;24(5):442-6. Review. PMID:  19550306. 

Review and commentary 

773.  Sogani RK, Katoch K. Correlation of serum cholesterol levels and incidence of myocardial 
infarction with dietary onion and garlic eating habits. J Assoc Physicians India. 1981 
Jun;29(6):443-6. PubMed PMID: 7319999. 

Did not examine dietary 
patterns; examined onion 
and garlic intake 

774.  Solá R, Fitó M, Estruch R, Salas-Salvadó J, Corella D, de La Torre R, Muñoz MA, López-Sabater 
Mdel C, Martínez-González MA, Arós F, Ruiz-Gutierrez V, Fiol M, Casals E, Wärnberg J, Buil-
Cosiales P, Ros E, Konstantinidou V, Lapetra J, Serra-Majem L, Covas MI. Effect of a traditional 
Mediterranean diet on apolipoproteins B, A-I, and their ratio: a randomized, controlled trial. 
Atherosclerosis. 2011 Sep;218(1):174-80. Epub 2011 May 6. PubMed PMID: 21640348. 
 
 

Outcomes were apoB and 
ApoA-1 

http://www.ncbi.nlm.nih.gov/pubmed/12433513
http://www.ncbi.nlm.nih.gov/pubmed/12433513
http://www.ncbi.nlm.nih.gov/pubmed/1511475
http://www.ncbi.nlm.nih.gov/pubmed/1511475
http://www.ncbi.nlm.nih.gov/pubmed/8409079
http://www.ncbi.nlm.nih.gov/pubmed/8409079
http://www.ncbi.nlm.nih.gov/pubmed/7870637
http://www.ncbi.nlm.nih.gov/pubmed/7870637
http://www.ncbi.nlm.nih.gov/pubmed/3094360
http://www.ncbi.nlm.nih.gov/pubmed/3094360
http://www.ncbi.nlm.nih.gov/pubmed/8463031
http://www.ncbi.nlm.nih.gov/pubmed/8463031
http://www.ncbi.nlm.nih.gov/pubmed/19219420
http://www.ncbi.nlm.nih.gov/pubmed/19219420
http://www.ncbi.nlm.nih.gov/pubmed/14993866
http://www.ncbi.nlm.nih.gov/pubmed/14993866
http://www.ncbi.nlm.nih.gov/pubmed/14993866
http://www.ncbi.nlm.nih.gov/pubmed/17851458
http://www.ncbi.nlm.nih.gov/pubmed/17851458
http://www.ncbi.nlm.nih.gov/pubmed/18786971
http://www.ncbi.nlm.nih.gov/pubmed/18786971
http://www.ncbi.nlm.nih.gov/pubmed/15741987
http://www.ncbi.nlm.nih.gov/pubmed/15741987
http://www.ncbi.nlm.nih.gov/pubmed/19550306
http://www.ncbi.nlm.nih.gov/pubmed/7319999
http://www.ncbi.nlm.nih.gov/pubmed/7319999
http://www.ncbi.nlm.nih.gov/pubmed/21640348
http://www.ncbi.nlm.nih.gov/pubmed/21640348


Dietary Patterns   196 
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2011 Nov;20(21-22):3029-38. doi: 10.1111/j.1365-2702.2011.03755.x. Epub 2011 Jun 24. 
PubMed PMID: 21707808. 

Assessed the effects of a 
sodium-restricted diet on 
symptom burden and cardiac 
mortality 
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PW, Schaefer EJ, Millen BE. Diet and plasma lipids in women. II. Macronutrients and plasma 
triglycerides, high-density lipoprotein, and the ratio of total to high-density lipoprotein cholesterol 
in women: the Framingham nutrition studies. J Clin Epidemiol. 1996 Jun;49(6):665-72. PubMed 
PMID: 8656228. 

Did not examine dietary 
patterns as defined for this 
project (examined nutrients) 
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of plant-based diets high in raw or roasted almonds, or roasted almond butter on serum 
lipoproteins in humans. J Am Coll Nutr. 2003 Jun;22(3):195-200. PubMed PMID: 12805245. 

Did not examine dietary 
patterns; examined nuts 
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MC. Dietary Approaches to Stop Hypertension Patterns in Older Latinos With or at Risk for 
Hypertension. J Cardiovasc Nurs. 2012 Jun 19. [Epub ahead of print] PubMed PMID: 22722473. 

Cross-sectional  

779.  Stamler J. Population-wide adverse dietary patterns: a pivotal cause of epidemic coronary heart 
disease/cardiovascular disease. J Am Diet Assoc. 2008 Feb;108(2):228-32. PubMed PMID: 
18237569. 

Commentary 

780.  Stamler J. The marked decline in coronary heart disease mortality rates in the United States, 
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PubMed PMID: 3978664. 

Did not examine the 
relationship between dietary 
patterns and CVD  
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Cross-sectional  
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Case-control study 
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(ARIC) Study. Am J Clin Nutr. 2003 Sep;78(3):383-90. PubMed PMID: 12936919. 

Did not examine dietary 
patterns; examined 
individual foods 
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Did not examine dietary 
patterns; examined 
individual foods  
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Did not examine dietary 
patterns; examined saturated 
fatty acid intake  
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Narrative review 
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Intern Med. 2006 Jul 4;145(1):I11. PubMed PMID: 16818920. 
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disease among Chinese American adolescents. J Sch Health. 1994 Nov;64(9):368-71. PubMed 
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Did not examine the 
relationship between dietary 
patterns and CVD 
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Study describes the rationale 
and design of the  DASH 
trial 
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Descriptive; uses sub-group 
analysis; refer to Sacks et al 
2001 
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patterns tested in the 
OmniHeart trial 
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antioxidant status and cardiovascular disease risk. Nutrition. 2004 Oct;20(10):863-6. PubMed 
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Study describes the Thai 
HEI, but does not examine 
associations with CVD 
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Subjects with acute coronary 
syndrome 
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Cross-sectional  

797.  Takahashi Y, Sasaki S, Okubo S, Hayashi M, Tsugane S. Blood pressure change in a free-living 
population-based dietary modification study in Japan. J Hypertens. 2006 Mar;24(3):451-8. 
PubMed PMID: 16467647. 

Did not examine dietary 
patterns; examined 
individual foods and 
nutrients 

798.  Takashima Y, Iwase Y, Yoshida M, Kokaze A, Takagi Y, Taubono Y, Tsugane S, Takahashi T, 
Iitoi Y, Akabane M, Watanabe S, Akamatsu T. Relationship of food intake and dietary patterns 
with blood pressure levels among middle-aged Japanese men. J Epidemiol. 1998 Jun;8(2):106-15. 
Erratum in: J Epidemiol 1998 Oct;8(4):257. Tsubono Y [corrected to Taubono Y]. PubMed 
PMID: 9673080. 

Cross-sectional  

799.  Tanaka H, Date C, Hayashi M, Mui K, Tsuchida M, Kurihara H, Kim DK. Trends in death and 
consultation rates of ischemic heart disease in Japan and the risk factors in a rural community. Jpn 
Circ J. 1987 Mar;51(3):306-13. PubMed PMID: 3599372. 

Did not examine dietary 
patterns; examined 
individual foods and 
nutrients 

800.  Taylor AJ, Wong H, Wish K, Carrow J, Bell D, Bindeman J, Watkins T, Lehmann T, Bhattarai S, 
O'Malley PG. Validation of the MEDFICTS dietary questionnaire: a clinical tool to assess 
adherence to American Heart Association dietary fat intake guidelines. Nutr J. 2003 Jun 13;2:4. 
PubMed PMID: 12852791; PubMed Central PMCID: PMC194867. 

Study done to validate a 
dietary assessment tool 

801.  Taylor CB, Allen ES, Mikkelson B, Kang-Jey H. Serum cholesterol levels of Seventh-day 
Adventists. Paroi Arterielle. 1976 Oct;3(4):175-9. PubMed PMID: 1037021. 

Cross-sectional 

802.  Teramoto T, Kawamori R, Miyazaki S, Teramukai S, Shirayama M, Hiramatsu K, Kobayashi F; 
the OMEGA Study Group. Relationship between achieved blood pressure, dietary habits and 
cardiovascular disease in hypertensive patients treated with olmesartan: the OMEGA study. 
Hypertens Res. 2012 Jul 5. doi: 10.1038/hr.2012.93. [Epub ahead of print] PubMed PMID: 
22763478. 
 

Subjects were being treated 
with a drug 
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803.  Thacker R, Ross RD. Healthy eating index and anthropometric, inflammatory, and lipid markers 
of cardiovascular risk in u.s. adolescents: Insights NHANES III. Congenital Heart Disease. 
2011;6(5):526. 

Cross-sectional 

804.  Thompson HJ, Sedlacek SM, Paul D, Wolfe P, McGinley JN, Playdon MC, Daeninck EA, Bartels 
SN, Wisthoff MR. Effect of dietary patterns differing in carbohydrate and fat content on blood 
lipid and glucose profiles based on weight-loss success of breast-cancer survivors. Breast Cancer 
Res. 2012 Jan 6;14(1):R1. [Epub ahead of print] PubMed PMID: 22225711. 

Did not assess dietary 
patterns as defined for this 
project 

805.  Thomson JL, Onufrak SJ, Connell CL, Zoellner JM, Tussing-Humphreys LM, Bogle ML, 
Yadrick K. Food and beverage choices contributing to dietary guidelines adherence in the Lower 
Mississippi Delta. Public Health Nutr. 2011 Jun 30:1-11. [Epub ahead of print] PubMed PMID: 
21729458. 

Assessed the top dietary 
sources contributing to diet 
quality 

806.  Thorogood M, Carter R, Benfield L, McPherson K, Mann JI. Plasma lipids and lipoprotein 
cholesterol concentrations in people with different diets in Britain. Br Med J (Clin Res Ed). 1987 
Aug 8;295(6594):351-3. PubMed PMID: 3115444; PubMed Central PMCID: PMC1247209. 

Cross-sectional 

807.  Thorogood M, Roe L, McPherson K, Mann J. Dietary intake and plasma lipid levels: lessons from 
a study of the diet of health conscious groups. BMJ. 1990 May 19;300(6735):1297-301. PubMed 
PMID: 2369659; PubMed Central PMCID: PMC1663050. 

Cross-sectional 

808.  Timmermans S, Steegers-Theunissen RP, Vujkovic M, Bakker R, den Breeijen H, Raat H, 
Russcher H, Lindemans J, Hofman A, Jaddoe VW, Steegers EA. Major dietary patterns and blood 
pressure patterns during pregnancy: the Generation R Study. Am J Obstet Gynecol. 2011 
Oct;205(4):337.e1-12. Epub 2011 May 14. PubMed PMID: 21855845. 

Subjects were pregnant 
women 

809.  Toft U, Kristoffersen LH, Lau C, Borch-Johnsen K, Jørgensen T. The Dietary Quality Score: 
validation and association with cardiovascular risk factors: the Inter99 study. Eur J Clin Nutr. 
2007 Feb;61(2):270-8. Epub 2006 Aug 23. PubMed PMID: 16929244. 

Cross-sectional  

810.  Toft U, Jorgensen T. Five-year changes in dietary indexes are associated with changes in 
cardiovascular risk factors. Annals of Nutrition and Metabolism. 2011;58:327. 

Did not examine dietary 
patterns as defined by this 
project 

811.  Tognon G, Rothenberg E, Eiben G, Sundh V, Winkvist A, Lissner L. Does the Mediterranean diet 
predict longevity in the elderly? A Swedish perspective. Age (Dordr). 2011 Sep;33(3):439-50. 
Epub 2010 Nov 26. PubMed PMID: 21110231; PubMed Central PMCID: PMC3168601. 

Cross-sectional  

812.  Toledo E, Delgado-Rodríguez M, Estruch R, Salas-Salvadó J, Corella D, Gomez-Gracia E, Fiol 
M, Lamuela-Raventós RM, Schröder H, Arós F, Ros E, Ruíz-Gutiérrez V, Lapetra J, Conde-
Herrera M, Sáez G, Vinyoles E, Martínez-González MA. Low-fat dairy products and blood 
pressure: follow-up of 2290 older persons at high cardiovascular risk participating in the 
PREDIMED study. Br J Nutr. 2009 Jan;101(1):59-67. Epub 2008 May 20. PubMed PMID: 
18492300. 

Did not examine dietary 
patterns; examined low-fat 
dairy products 

813.  Toobert DJ, Strycker LA, Glasgow RE, Barrera Jr M, Angell K. Effects of the mediterranean 
lifestyle program on multiple risk behaviors and psychosocial outcomes among women at risk for 
heart disease. Ann Behav Med. 2005 Apr;29(2):128-37. PubMed PMID: 15823786; PubMed 
Central PMCID: PMC1557654. 

Subjects diagnosed with type 
2 diabetes 

814.  Toohey ML, Harris MA, DeWitt W, Foster G, Schmidt WD, Melby CL. Cardiovascular disease 
risk factors are lower in African-American vegans compared to lacto-ovo-vegetarians. J Am Coll 
Nutr. 1998 Oct;17(5):425-34. PubMed PMID: 9791838. 

Cross-sectional  

815.  Torres IC, Mira L, Ornelas CP, Melim A. Study of the effects of dietary fish intake on serum 
lipids and lipoproteins in two populations with different dietary habits. Br J Nutr. 2000 
Apr;83(4):371-9. PubMed PMID: 10858695. 

Did not examine dietary 
patterns; examined fish 
intake 

816.  Tourlouki E, Matalas AL, Panagiotakos DB. Dietary habits and cardiovascular disease risk in 
middle-aged and elderly populations: a review of evidence. Clin Interv Aging. 2009;4:319-30. 
Epub 2009 Aug 3. Review. PubMed PMID: 19696896; PubMed Central PMCID: PMC2722871. 

Systematic review 

817.  Trichopoulos D, Lagiou P. Mediterranean diet and overall mortality differences in the European 
Union. Public Health Nutr. 2004 Oct;7(7):949-51. PubMed PMID: 15482623. 

Cross-sectional  
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818.  Trichopoulou A, Bamia C, Norat T, Overvad K, Schmidt EB, Tjønneland A, Halkjaer J, Clavel-
Chapelon F, Vercambre MN, Boutron-Ruault MC, Linseisen J, Rohrmann S, Boeing H, Weikert 
C, Benetou V, Psaltopoulou T, Orfanos P, Boffetta P, Masala G, Pala V, Panico S, Tumino R, 
Sacerdote C, Bueno-de-Mesquita HB, Ocke MC, Peeters PH, Van der Schouw YT, González C, 
Sanchez MJ, Chirlaque MD, Moreno C, Larrañaga N, Van Guelpen B, Jansson JH, Bingham S, 
Khaw KT, Spencer EA, Key T, Riboli E, Trichopoulos D. Modified Mediterranean diet and 
survival after myocardial infarction: the EPIC-Elderly study. Eur J Epidemiol. 2007;22(12):871-
81. Epub 2007 Oct 10. PubMed PMID: 17926134. 

Subjects had previous 
myocardial infarction 

819.  Trichopoulou A, Bamia C, Trichopoulos D. Anatomy of health effects of Mediterranean diet: 
Greek EPIC prospective cohort study. BMJ. 2009 Jun 23;338:b2337. doi: 10.1136/bmj.b2337. 
PubMed PMID: 19549997; PubMed Central PMCID: PMC3272659. 

Did not examine CVD; 
examined all-cause mortality 

820.  Trichopoulou A, Bamia C, Trichopoulos D. Mediterranean diet and survival among patients with 
coronary heart disease in Greece. Arch Intern Med. 2005 Apr 25;165(8):929-35. PubMed PMID: 
15851646. 

Participants diagnosed with 
coronary heart disease 

821.  Trichopoulou A, Critselis E. Mediterranean diet and longevity. Eur J Cancer Prev. 2004 
Oct;13(5):453-6. PubMed PMID: 15452459. 

Narrative review 

822.  Trichopoulou A, Kouris-Blazos A, Wahlqvist ML, Gnardellis C, Lagiou P, Polychronopoulos E, 
Vassilakou T, Lipworth L, Trichopoulos D. Diet and overall survival in elderly people. BMJ. 
1995 Dec 2;311(7018):1457-60. PubMed PMID: 8520331; PubMed Central PMCID: 
PMC2543726. 

Examined total mortality 
(not CVD mortality, 
individually) 

823.  Trichopoulou A, Orfanos P, Norat T, Bueno-de-Mesquita B, Ocké MC, Peeters PH, van der 
Schouw YT, Boeing H, Hoffmann K, Boffetta P, Nagel G, Masala G, Krogh V, Panico S, Tumino 
R, Vineis P, Bamia C, Naska A, Benetou V, Ferrari P, Slimani N, Pera G, Martinez-Garcia C, 
Navarro C, Rodriguez-Barranco M, Dorronsoro M, Spencer EA, Key TJ, Bingham S, Khaw KT, 
Kesse E, Clavel-Chapelon F, Boutron-Ruault MC, Berglund G, Wirfalt E, Hallmans G, Johansson 
I, Tjonneland A, Olsen A, Overvad K, Hundborg HH, Riboli E, Trichopoulos D. Modified 
Mediterranean diet and survival: EPIC-elderly prospective cohort study. BMJ. 2005 Apr 
30;330(7498):991. Epub 2005 Apr 8. PubMed PMID: 15820966; PubMed Central PMCID: 
PMC557144. 

Did not examine CVD; 
examined all-cause mortality 

824.  Trichopoulou A, Vasilopoulou E. Mediterranean diet and longevity. Br J Nutr. 2000 Dec;84 
Suppl 2:S205-9. Review. PubMed PMID: 11242471. 

Narrative review 

825.  Trichopoulou A. Traditional Mediterranean diet and longevity in the elderly: a review. Public 
Health Nutr. 2004 Oct;7(7):943-7. Review. PubMed PMID: 15482622. 

Narrative review 

826.  Troyer JL, Racine EF, Ngugi GW, McAuley WJ. The effect of home-delivered Dietary Approach 
to Stop Hypertension (DASH) meals on the diets of older adults with cardiovascular disease. Am 
J Clin Nutr. 2010 May;91(5):1204-12. Epub 2010 Mar 3. PubMed PMID: 20200258. 

Dependent variable was 
DASH/ therapeutic diet 
accordance 

827.  Tsugane S, Sasaki S, Kobayashi M, Tsubono Y, Sobue T. Dietary habits among the JPHC study 
participants at baseline survey. Japan Public Health Center-based Prospective Study on Cancer 
and Cardiovascular Diseases. J Epidemiol. 2001 Oct;11(6 Suppl):S30-43. PubMed PMID: 
11763138. 

Did not examine dietary 
patterns; examined 
individual foods  

828.  Tucker KL, Dallal GE, Rush D. Dietary patterns of elderly Boston-area residents defined by 
cluster analysis. J Am Diet Assoc. 1992 Dec;92(12):1487-91. PubMed PMID: 1452962. 

Study design is cross-
sectional cluster analysis 

829.  Turner-McGrievy GM, Barnard ND, Cohen J, Jenkins DJ, Gloede L, Green AA. Changes in 
nutrient intake and dietary quality among participants with type 2 diabetes following a low-fat 
vegan diet or a conventional diabetes diet for 22 weeks. J Am Diet Assoc. 2008 
Oct;108(10):1636-45. PubMed PMID: 18926128. 

Participants diagnosed with 
type 2 diabetes 

830.  Tuttle KR, Shuler LA, Packard DP, Milton JE, Daratha KB, Bibus DM, Short RA. Comparison of 
low-fat versus Mediterranean-style dietary intervention after first myocardial infarction (from The 
Heart Institute of Spokane Diet Intervention and Evaluation Trial). Am J Cardiol. 2008 Jun 
1;101(11):1523-30. Epub 2008 Mar 26. PubMed PMID: 18489927. 
 

Subjects had previous 
myocardial infarction 
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831.  Twardella D, Merx H, Hahmann H, Wüsten B, Rothenbacher D, Brenner H. Long term adherence 
to dietary recommendations after inpatient rehabilitation: prospective follow up study of patients 
with coronary heart disease. Heart. 2006 May;92(5):635-40. Epub 2005 Sep 13. PubMed PMID: 
16159977; PubMed Central PMCID: PMC1860928. 

Subjects had previous acute 
manifestation of CHD 

832.  Twisk JW, Kemper HC, Van Mechelen W, Post GB. Clustering of risk factors for coronary heart 
disease. the longitudinal relationship with lifestyle. Ann Epidemiol. 2001 Apr;11(3):157-65. 
PubMed PMID: 11248580. 

Did not examine dietary 
patterns; examined 
individual foods 

833.  Twisk JW, Van Mechelen W, Kemper HC, Post GB. The relation between "long-term exposure" 
to lifestyle during youth and young adulthood and risk factors for cardiovascular disease at adult 
age. J Adolesc Health. 1997 Apr;20(4):309-19. PubMed PMID: 9098736. 

Did not examine dietary 
patterns as defined for this 
project 

834.  Tyrovolas S, Panagiotakos DB. The role of Mediterranean type of diet on the development of 
cancer and cardiovascular disease, in the elderly: a systematic review. Maturitas. 2010 
Feb;65(2):122-30. Epub 2009 Aug 4. Review. PubMed PMID: 19656644. 

Systematic review 

835.  Tyson CC, Nwankwo C, Lin PH, Svetkey LP. The Dietary Approaches to Stop Hypertension 
(DASH) Eating Pattern in Special Populations. Curr Hypertens Rep. 2012 Jul 31. [Epub ahead of 
print] PubMed PMID: 22846984. 

Narrative review 

836.  Ueshima H. Changes in dietary habits, cardiovascular risk factors and mortality in Japan. Acta 
Cardiol. 1990;45(4):311-27. PubMed PMID: 2239030. 

Trend study 

837.  Ueshima H. Changes in dietary habits, cardiovascular risk factors and mortality in Japan. Acta 
Cardiol. 1989;44(6):475-7. PubMed PMID: 2626912. 

Narrative review 

838.  Uhernik AI, Erceg M, Milanović SM. Association of BMI and nutritional habits with 
hypertension in the adult population of Croatia. Public Health Nutr. 2009 Jan;12(1):97-104. Epub 
2008 Apr 15. Erratum in: Public Health Nutr. 2011 Jan;14(1):187. PubMed PMID: 18410702. 

Cross-sectional  

839.  Umemura U, Ishimori M, Kobayashi T, Tamura Y, Koike KA, Shimamoto T, Iso H. Possible 
effects of diets on serum lipids, fatty acids and blood pressure levels in male and female Japanese 
university students. Environ Health Prev Med. 2005 Jan;10(1):42-7. PubMed PMID: 21432162; 
PubMed Central PMCID: PMC2723630. 

Cross-sectional  

840.  Urpi-Sarda M, Casas R, Chiva-Blanch G, Romero-Mamani ES, Valderas-Martínez P, Salas-
Salvadó J, Covas MI, Toledo E, Andres-Lacueva C, Llorach R, García-Arellano A, Bulló M, 
Ruiz-Gutierrez V, Lamuela-Raventos RM, Estruch R. The mediterranean diet pattern and its main 
components are associated with lower plasma concentrations of tumor necrosis factor receptor 60 
in patients at high risk for cardiovascular disease. J Nutr. 2012 Jun;142(6):1019-25. Epub 2012 
Apr 25. PubMed PMID: 22535754.  

Dependent variables were 
inflammatory biomarkers 

841.  Urpi-Sarda M, Casas R, Chiva-Blanch G, Romero-Mamani ES, Valderas-Martínez P, Arranz S, 
Andres-Lacueva C, Llorach R, Medina-Remón A, Lamuela-Raventos RM, Estruch R. Virgin 
olive oil and nuts as key foods of the Mediterranean diet effects on inflammatory biomakers 
related to atherosclerosis. Pharmacol Res. 2012 Jun;65(6):577-83. Epub 2012 Mar 18. PubMed 
PMID: 22449789. 

Did not examine the CVD 
outcomes considered in this 
review 

842.  Urpi-Sarda M, Casas R, Chiva-Blanch G, Romero-Mamani ES, Valderas-Martínez P, Salas-
Salvadó J, Covas MI, Toledo E, Andres-Lacueva C, Llorach R, García-Arellano A, Bulló M, 
Ruiz-Gutierrez V, Lamuela-Raventos RM, Estruch R. The Mediterranean diet pattern and its 
main components are associated with lower plasma concentrations of tumor necrosis factor 
receptor 60 in patients at high risk for cardiovascular disease. J Nutr. 2012 Jun;142(6):1019-25. 
Epub 2012 Apr 25. PubMed PMID: 22535754. 

Did not examine the CVD 
outcomes considered in this 
review 

843.  Urquiaga I, Guasch V, Marshall G, San Martín A, Castillo O, Rozowski J, Leighton F. Effect of 
Mediterranean and Occidental diets, and red wine, on plasma fatty acids in humans. An 
intervention study. Biol Res. 2004;37(2):253-61. PubMed PMID: 15455655. 

Did not report CVD 
outcomes of interest; 
Dependent variables were 
plasma fatty acid levels 

844.  Urquiaga I, Strobel P, Perez D, Martinez C, Cuevas A, Castillo O, Marshall G, Rozowski J, 
Leighton F. Mediterranean diet and red wine protect against oxidative damage in young 
volunteers. Atherosclerosis. 2010 Aug;211(2):694-9. Epub 2010 Apr 21. PubMed PMID: 
20451910. 

Did not report CVD 
outcomes of interest 
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845.  Vajifdar BU, Goyal VS, Lokhandwala YY, Mhamunkar SR, Mahadik SP, Gawad AK, Halankar 
SA, Kulkarni HL. Anthropometry, lipid profile and dietary pattern of patients with chronic 
ischaemic heart disease. J Postgrad Med. 1999 Oct-Dec;45(4):110-3. PubMed PMID: 10734348. 

Study design is cross-
sectional 

846.  van Bussel BC, Soedamah-Muthu SS, Henry RM, Schalkwijk CG, Ferreira I, Chaturvedi N, 
Toeller M, Fuller JH, Stehouwer CD; EURODIAB Prospective Complications Study Group. 
Unhealthy dietary patterns associated with inflammation and endothelial dysfunction in type 1 
diabetes: The EURODIAB study. Nutr Metab Cardiovasc Dis. 2012 Jul 11. [Epub ahead of print] 
PubMed PMID: 22795869. 

Subjects diagnosed with type 
1 diabetes 

847.  van Dam RM, Rimm EB, Willett WC, Stampfer MJ, Hu FB. Dietary patterns and risk for type 2 
diabetes mellitus in U.S. men. Ann Intern Med. 2002 Feb 5;136(3):201-9. PubMed PMID: 
11827496. 

Did not examine CVD; 
examined type 2 diabetes 

848.  van den Brandt PA. The impact of a Mediterranean diet and healthy lifestyle on premature 
mortality in men and women. Am J Clin Nutr. 2011 Sep;94(3):913-20. Epub 2011 Jul 27. 
PubMed PMID: 21795445. 

Did not examine CVD; 
examined total mortality 
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1959515. 

Insufficient sample size 
(n=12) 
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the special intervention group in the Multiple Risk Factor Intervention Trial. Am J Clin Nutr. 
1997 Jan;65(1 Suppl):289S-304S. PubMed PMID: 8988943. 

Dependent variable is 
adherence to MRFIT 
components, but does not 
describe dietary pattern 
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gain and occurrence of diabetes among adults: findings from Adventist Health Studies. Ann Nutr 
Metab. 2008;52(2):96-104. Epub 2008 Mar 18. Erratum in: Ann Nutr Metab. 2010;56(3):232. 
PubMed PMID: 18349528. 

Did not examine CVD; 
examined type 2 diabetes 
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Mediterranean diet. Eur J Cardiovasc Prev Rehabil. 2010 Aug;17(4):440-6. PubMed PMID: 
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Cross-sectional 
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10.1002/ajhb.22299. Epub 2012 Jul 17. PubMed PMID: 22806995. 

Cross-sectional study 
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women with cardiovascular disease or risk factors. J Acad Nutr Diet. 2012 Jun;112(6):816-23. 
PubMed PMID: 22709809; PubMed Central PMCID: PMC3378990. 

Did not examine CVD; 
examined cognitive decline 

855.  Vernay M, Aïdara M, Salanave B, Deschamps V, Malon A, Oleko A, Mallion JM, Hercberg S, 
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Cross-sectional  
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Did not examine dietary 
patterns 
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prevalence of hypertension and dyslipidemia. BMC Public Health. 2008 Jun 13;8:210. PubMed 
PMID: 18554385; PubMed Central PMCID: PMC2442070. 

Cross-sectional study 

858.  Villegas R, Yang G, Gao YT, Cai H, Li H, Zheng W, Shu XO. Dietary patterns are associated 
with lower incidence of type 2 diabetes in middle-aged women: the Shanghai Women's Health 
Study. Int J Epidemiol. 2010 Jun;39(3):889-99. Epub 2010 Mar 15. PMID: 20231261. 
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country. 
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(Mediterranean Diet, Cardiovascular Risks and Gene Polymorphisms): rationale, recruitment, 
design, dietary intervention and baseline characteristics of participants. Public Health Nutr. 2004 
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and design of the Medi-
RIVAGE study 
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863.  Vobecky JS, David P, Vobecky J. Dietary habits in relation to tracking of cholesterol level in 
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Did not examine dietary 
patterns 
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Did not examine dietary 
patterns; examined fish 
intake 
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outcomes; examined total 
mortality 
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Cross-sectional  
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Metab. 2007;51(4):335-44. Epub 2007 Aug 28. PMID: 17726311. 

Cross-sectional 
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Did not examine dietary 
patterns; examined 
individual nutrients 
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Did not examine dietary 
patterns; examined meat 
intake 
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Sep;4(5):607-12. Epub 2011 Sep 13. PubMed PMID: 21914814. 

Did not examine dietary 
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individual food groups 
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Cross-sectional study 
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income pregnant women: a comparison between Native Americans and whites. Matern Child 
Health J. 2007 Mar;11(2):127-36. Epub 2006 Dec 27. PubMed PMID: 17191147. 
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Did not examine dietary 
patterns; examined fish 
intake 
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reversibly alters serum lipid and apolipoprotein levels. Nutrition Research. 1992;12(12):1431-1440. 

Insufficient sample size 
(n=18) 
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Narrative review 
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PubMed PMID: 5667926. 
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Study design is cross-
sectional principle 
components analysis 
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Outcome was bone mineral 
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2009 Aug;28 Suppl:500S-516S. Review. PubMed PMID: 20234038. 

Narrative review 
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Narrative review 
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PubMed PMID: 10450298. 

Did not examine the 
relationship between dietary 
patterns and CVD; examined 
adherence to DASH 
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gender, and weight status differ across food pattern clusters. J Am Diet Assoc. 1997 
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outcome measure 
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1987;33(4):403-7. PubMed PMID: 3443147. 

Insufficient sample size 
(n=7) 
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Did not examine dietary 
patterns; examined 
individual foods and 
nutrients 
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Did not examine dietary 
pattern as defined by this 
project 
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overweight in a Chinese population. Eur J Clin Nutr. 2008 Apr;62(4):480-7. Epub 2007 Feb 28. 
PMID: 17327865. 

Dependent variable was 
overweight 
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PubMed PMID: 9234030. 

Did not examine dietary 
patterns; examined 
individual nutrients 
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Cross-sectional study 
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Study design is cross-
sectional 
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Did not examine CVD; 
examined prostate cancer 
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Subjects from a medium 
HDI country (China) 
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Did not examine dietary 
patterns; examined dietary 
protein 
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Fukase M. Dietary risk factors of stroke and hypertension in Japan -- Part 3: Comparative study 
on risk factors between farming and fishing villages in japan. Jpn Circ J. 1982 Sep;46(9):944-7. 
PubMed PMID: 7109211. 

Cross-sectional 

http://www.ncbi.nlm.nih.gov/pubmed/9356539
http://www.ncbi.nlm.nih.gov/pubmed/9356539
http://www.ncbi.nlm.nih.gov/pubmed/10450300
http://www.ncbi.nlm.nih.gov/pubmed/10450300
http://www.ncbi.nlm.nih.gov/pubmed/10450300
http://www.ncbi.nlm.nih.gov/pubmed/10450298
http://www.ncbi.nlm.nih.gov/pubmed/10450298
http://www.ncbi.nlm.nih.gov/pubmed/9060944
http://www.ncbi.nlm.nih.gov/pubmed/9060944
http://www.ncbi.nlm.nih.gov/pubmed/3443147
http://www.ncbi.nlm.nih.gov/pubmed/3443147
http://www.ncbi.nlm.nih.gov/pubmed/16119634
http://www.ncbi.nlm.nih.gov/pubmed/16119634
http://www.ncbi.nlm.nih.gov/pubmed/15539255
http://www.ncbi.nlm.nih.gov/pubmed/15539255
http://www.ncbi.nlm.nih.gov/pubmed/15539255
http://www.ncbi.nlm.nih.gov/pubmed/17327865
http://www.ncbi.nlm.nih.gov/pubmed/17327865
http://www.ncbi.nlm.nih.gov/pubmed/9234030
http://www.ncbi.nlm.nih.gov/pubmed/9234030
http://www.ncbi.nlm.nih.gov/pubmed/11305271
http://www.ncbi.nlm.nih.gov/pubmed/11305271
http://www.ncbi.nlm.nih.gov/pubmed/7490201
http://www.ncbi.nlm.nih.gov/pubmed/7490201
http://www.ncbi.nlm.nih.gov/pubmed/16434606
http://www.ncbi.nlm.nih.gov/pubmed/16434606
http://www.ncbi.nlm.nih.gov/pubmed/11471929
http://www.ncbi.nlm.nih.gov/pubmed/11471929
http://www.ncbi.nlm.nih.gov/pubmed/9826205
http://www.ncbi.nlm.nih.gov/pubmed/9826205
http://www.ncbi.nlm.nih.gov/pubmed/9826205
http://www.ncbi.nlm.nih.gov/pubmed/7109211
http://www.ncbi.nlm.nih.gov/pubmed/7109211


Dietary Patterns   205 
 

905.  Yang SY, Li XJ, Zhang W, Liu CQ, Zhang HJ, Lin JR, Yan B, Yu YX, Shi XL, Li CD, Li WH. 
Chinese lacto-vegetarian diet exerts favorable effects on metabolic parameters, intima-media 
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Case-control study 
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outcome in analyses 
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Cross-sectional 
 

909.  Yarnell JWG, Fehily AM, Gilbert JF, Butland B, Wheatley D. Effects of diet on blood lipid 
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(n=10) 

910.  Yoo S, Nicklas T, Baranowski T, Zakeri IF, Yang SJ, Srinivasan SR, Berenson GS. Comparison 
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Case-control study 
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PubMed PMID: 20685947; PubMed Central PMCID: PMC2937583. 
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patterns and CVD; examined 
diet adherence 
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Did not examine the 
relationship between dietary 
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PubMed Central PMCID: PMC3127519. 
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Case-control study 
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Systematic review/meta-
analysis 
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10.1186/1743-7075-10-30. PubMed PMID: 23537319; PubMed Central PMCID: 
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10.1080/21551197.2013.781408. PubMed PMID: 23663211. 
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Jordan is ranked as 
medium on 2011 Human 
Development Index 
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JM. Dietary intake and cardiometabolic risk in ethnically diverse urban schoolchildren. J Acad 
Nutr Diet. 2012 ov;112(11):1815-21. doi: 10.1016/j.jand.2012.07.027. PubMed PMID: 23102181. 

Cross-sectional 

6 Bahreynian M, Paknahad Z, Maracy MR. Major dietary patterns and their associations with 
overweight and obesity among Iranian children. Int J Prev Med. 2013 Apr;4(4):448-58. 
PubMed PMID: 23671778; PubMed Central PMCID: PMC3650598. 

Cross-sectional 

7 Baik I, Lee M, Jun NR, Lee JY, Shin C. A healthy dietary pattern consisting of a variety of food 
choices is inversely associated with the development of metabolic syndrome. Nutr Res Pract. 
2013 Jun;7(3):233-41. doi: 10.4162/nrp.2013.7.3.233. Epub 2013 Jun 3. PubMed PMID: 
23766885; PubMed Central PMCID: PMC3679333. 

Methodology is factor 
analysis 

8 Bauer F, Beulens JW, van der A DL, Wijmenga C, Grobbee DE, Spijkerman AM, van der 
Schouw YT, Onland-Moret NC. Dietary patterns and the risk of type 2 diabetes in overweight 
and obese individuals. Eur J Nutr. 2013 Apr;52(3):1127-34. doi: 10.1007/s00394-012-0423-4. 
Epub 2012 Jul 28. PubMed PMID: 22972436. 

Dependent variable is 
T2D 

9 Bédard A, Dodin S, Corneau L, Lemieux S. The impact of abdominal obesity status on 
cardiovascular response to the mediterranean diet. J Obes. 2012;2012:969124. doi: 
10.1155/2012/969124. Epub 2012 Oct 21. PubMed PMID: 23133745; PubMed Central 
PMCID: PMC3485524.  

Before and after study 

10 Bell LK, Golley RK, Daniels L, Magarey AM. Dietary patterns of Australian children aged 14 
and 24 months, and associations with socio-demographic factors and adiposity. Eur J Clin Nutr. 
2013 Jun;67(6):638-45. doi: 10.1038/ejcn.2013.23. Epub 2013 Feb 27. PubMed PMID: 
23443830. 

Methodology is principal 
component analysis 

11 Bradlee ML, Singer MR, Daniels SR, Moore LL. Eating patterns and lipid levels in older 
adolescent girls. Nutr Metab Cardiovasc Dis. 2013 Mar;23(3):196-204.doi: 
10.1016/j.numecd.2011.10.010. Epub 2012 Mar 13. PubMed PMID: 22417625; PubMed 
Central PMCID: PMC3399938.  
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Woodland Cree community. J Hum Nutr Diet. 2013 May 13. doi: 10.1111/jhn.12121. [Epub 
ahead of print] PubMed PMID: 23662654. 

Does not assess dietary 
patterns as defined for the 
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influencing diet intake 
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13 Carson JA, Michalsky L, Latson B, Banks K, Tong L, Gimpel N, Lee JJ, Dehaven MJ. The 
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Nov;112(11):1852-8. doi: 10.1016/j.jand.2012.06.357. Epub 2012 Sep 18. PubMed PMID: 
22995059; PubMed Central PMCID: PMC3523949. 

Cross-sectional 

14 Clarys P, Deriemaeker P, Huybrechts I, Hebbelinck M, Mullie P. Dietary pattern analysis: a 
comparison between matched vegetarian and omnivorous subjects. Nutr J. 2013 Jun 13;12:82. 
doi: 10.1186/1475-2891-12-82. PubMed PMID: 23758767; PubMed Central PMCID: 
PMC3700875.  

Methodology is 
index/score 
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cohort study. Am J Clin Nutr. 2013 Mar;97(3):597-603. doi: 10.3945/ajcn.112.044073. Epub 
2013 Jan 30.PMID:23364007 

Duplicate 

16 Cuenca-García M, Ortega FB, Ruiz JR, González-Gross M, Labayen I, Jago R, Martínez-
Gómez D, Dallongeville J, Bel-Serrat S, Marcos A, Manios Y, Breidenassel C, Widhalm K, 
Gottrand F, Ferrari M, Kafatos A, Molnár D, Moreno LA, De Henauw S, Castillo MJ, Sjöström 
M; HELENA study group. Combined influence of healthy diet and active lifestyle on 
cardiovascular disease risk factors in adolescents. Scand J Med Sci Sports. 2012 Dec 12. doi: 
10.1111/sms.12022. [Epub ahead of print] PubMed PMID: 23237548.  

Methodology is 
index/score 

17 Davis NJ, Schechter CB, Ortega F, Rosen R, Wylie-Rosett J, Walker EA. Dietary patterns in 
Blacks and Hispanics with diagnosed diabetes in New York City's South Bronx. Am J Clin 
Nutr. 2013 Apr;97(4):878-85. doi: 10.3945/ajcn.112.051185. Epub 2013 Feb 27. PubMed 
PMID: 23446901; PubMed Central PMCID: PMC3607660. 

Cross-sectional 

18 Dominique Ashen M. Vegetarian Diets in Cardiovascular Prevention. Curr Treat Options 
Cardiovasc Med. 2013 Aug 9. [Epub ahead of print] PubMed PMID: 23928682.  

Review 

19 Domínguez LJ, Bes-Rastrollo M, de la Fuente-Arrillaga C, Toledo E, Beunza JJ, Barbagallo M, 
Martínez-González MA. Similar prediction of total mortality,diabetes incidence and 
cardiovascular events using relative- and absolute-component Mediterranean diet score: the 
SUN cohort. Nutr Metab Cardiovasc Dis. 2013 May;23(5):451-8. doi: 
10.1016/j.numecd.2011.10.009. Epub 2012 Mar 7. PubMed PMID: 22402062. 

Cross-sectional 

20 Drake I, Gullberg B, Sonestedt E, Wallström P, Persson M, Hlebowicz J, Nilsson J, Hedblad B, 
Wirfält E. Scoring models of a diet quality index and the predictive capability of mortality in a 
population-based cohort of Swedish men and women. Public Health Nutr. 2013 Mar;16(3):468-
78. doi: 10.1017/S1368980012002789. Epub 2012 May 29. PubMed PMID: 22643161.  

Methodology is 
index/score 

21 Eilat-Adar S, Mete M, Fretts A, Fabsitz RR, Handeland V, Lee ET, Loria C, Xu J, Yeh J, 
Howard BV. Dietary patterns and their association with cardiovascular risk factors in a 
population undergoing lifestyle changes: The Strong Heart Study. Nutr Metab Cardiovasc Dis. 
2013 Jun;23(6):528-35. doi: 10.1016/j.numecd.2011.12.005. Epub 2012 Apr 24. PubMed 
PMID: 22534653; PubMed Central PMCID: PMC3674116. 

Methodology is principal 
component analysis 

22 Epstein DE, Sherwood A, Smith PJ, Craighead L, Caccia C, Lin PH, Babyak MA, Johnson JJ, 
Hinderliter A, Blumenthal JA. Determinants and consequences of adherence to the dietary 
approaches to stop hypertension diet in African-American and white adults with high blood 
pressure: results from the ENCORE trial. J Acad Nutr Diet. 2012 Nov;112(11):1763-73. doi: 
10.1016/j.jand.2012.07.007. Epub 2012 Sep 19. PubMed PMID: 23000025; PubMed Central 
PMCID: PMC3483427. 
 
 

Dependent variable was 
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23 Feart C, Alles B, Merle B, Samieri C, Barberger-Gateau P. Adherence to a Mediterranean diet 
and energy, macro-, and micronutrient intakes in older persons. J Physiol Biochem. 2012 
Dec;68(4):691-700. doi: 10.1007/s13105-012-0190-y. Epub 2012 Jul 4. PubMed PMID: 
22760695. 

Cross-sectional 

24 Ford DW, Jensen GL, Hartman TJ, Wray L, Smiciklas-Wright H. Association between dietary 
quality and mortality in older adults: a review of the epidemiological evidence. J Nutr Gerontol 
Geriatr. 2013;32(2):85-105. doi: 10.1080/21551197.2013.779622. PubMed PMID: 23663210.  

Review 

25 Foster M, Chu A, Petocz P, Samman S. Effect of vegetarian diets on zinc status: a systematic 
review and meta-analysis of studies in humans. J Sci Food Agric. 2013 Aug 15;93(10):2362-71. 
doi: 10.1002/jsfa.6179. Epub 2013 May 29. PubMed PMID: 23595983. 

Systematic review/meta-
analysis 

26 Glasziou P. ACP Journal Club. Mediterranean diets reduced cardiovascular events more than a 
low-fat diet in high-risk persons. Ann Intern Med. 2013 Jun 18;158(12):JC3. doi: 
10.7326/0003-4819-158-12-201306180-02003. PubMed PMID: 23778927. 

Review 

27 Granic A, Andel R, Dahl AK, Gatz M, Pedersen NL. Midlife dietary patterns and mortality in 
the population-based study of Swedish twins. J Epidemiol Community Health. 2013 
Jul;67(7):578-86. doi: 10.1136/jech-2012-201780. Epub 2013 Apr 9. PubMed PMID: 23572533. 

Methodology is cluster 
analysis 

28 Guo J, Li W, Wang Y, Chen T, Teo K, Liu LS, Yusuf S; INTERHEART China study 
investigators. Influence of dietary patterns on the risk of acute myocardial infarction in China 
population: the INTERHEART China study. Chin Med J (Engl). 2013 Feb;126(3):464-70. 
PubMed PMID: 23422108. 

Case-control 
 

29 Harrington JM, Fitzgerald AP, Kearney PM, McCarthy VJ, Madden J, Browne G, Dolan E, 
Perry IJ. DASH Diet Score and Distribution of Blood Pressure in Middle-Aged Men and 
Women. Am J Hypertens. 2013 Aug 6. [Epub ahead of print] PubMed PMID: 23920282. 

Cross-sectional 

30 Hearty ÁP, Gibney MJ. Dietary patterns in Irish adolescents: a comparison of cluster and 
principal component analyses. Public Health Nutr. 2013 May;16(5):848-57. doi: 
10.1017/S1368980011002473. Epub 2011 Oct 13. PubMed PMID: 22014626. 

Methodology is cluster 
analysis 

31 Hsiao PY, Mitchell DC, Coffman DL, Craig Wood G, Hartman TJ, Still C, Jensen GL. Dietary 
patterns and relationship to obesity-related health outcomes and mortality in adults 75 years of 
age or greater. J Nutr Health Aging. 2013;17(6):566-72. doi: 10.1007/s12603-013-0014-y. 
PubMed PMID: 23732554.  

Methodology is cluster 
analysis 

32 Huang T, Yu X, Shou T, Wahlqvist ML, Li D. Associations of plasma phospholipid fatty acids 
with plasma homocysteine in Chinese vegetarians. Br J Nutr. 2013 May;109(9):1688-94. Doi: 
10.1017/S000711451200356X. Epub 2012 Aug 31. PubMed PMID: 22935202. 

China is ranked as medium 
on the 2011 Human 
Development Index 

33 Jeppesen C, Bjerregaard P, Jørgensen ME. Dietary patterns in Greenland and their relationship 
with type 2 diabetes mellitus and glucose intolerance. Public Health Nutr. 2013 Feb 11:1-9. 
[Epub ahead of print] PubMed PMID: 23399043. 

Cross-sectional 

34 Kehoe SH, Krishnaveni GV, Veena SR, Guntupalli AM, Margetts BM, Fall CH, Robinson SM. 
Diet patterns are associated with demographic factors and nutritional status in South Indian 
children. Matern Child Nutr. 2013 Jul 2. doi: 10.1111/mcn.12046. [Epub ahead of print] 
PubMed PMID: 23819872. 

Methodology is principal 
component analysis 

35 Kesse-Guyot E, Ahluwalia N, Lassale C, Hercberg S, Fezeu L, Lairon D. Adherence to 
Mediterranean diet reduces the risk of metabolic syndrome: a 6-year prospective study. Nutr 
Metab Cardiovasc Dis. 2013 Jul;23(7):677-83. doi: 10.1016/j.numecd.2012.02.005. Epub 2012 
May 25. PubMed PMID: 22633793. 

Methodology is 
index/score 

36 Lee M, Chae SW, Cha YS, Cho MS, Oh HY, Kim MK. Development of a Korean Diet Score 
(KDS) and its application assessing adherence to Korean healthy diet based on the Korean Food 
Guide Wheels. Nutr Res Pract. 2013 Feb;7(1):49-58. doi: 10.4162/nrp.2013.7.1.49. Epub 2013 
Feb 4. PubMed PMID: 23424060; PubMed Central PMCID: PMC3572226. 

Methodology is 
index/score 

37 Levy LB. Dietary strategies, policy and cardiovascular disease risk reduction in England. Proc 
Nutr Soc. 2013 Jul 10:1-4. [Epub ahead of print] PubMed PMID: 23842106. 
 

Review 
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38 Liu J, Hickson DA, Musani SK, Talegawkar SA, Carithers TC, Tucker KL, Fox CS, Taylor 
HA. Dietary patterns, abdominal visceral adipose tissue, and cardiometabolic risk factors in 
African Americans: the Jackson heart study. Obesity (Silver Spring). 2013 Mar;21(3):644-51. 
doi: 10.1002/oby.20265. PubMed PMID: 23592674. 

Cross-sectional 
 

39 Maruyama K, Iso H, Date C, Kikuchi S, Watanabe Y, Wada Y, Inaba Y, Tamakoshi A; JACC 
Study Group. Dietary patterns and risk of cardiovascular deaths among middle-aged Japanese: 
JACC Study. Nutr Metab Cardiovasc Dis. 2013 Jun;23(6):519-27. doi: 
10.1016/j.numecd.2011.10.007. Epub 2012 Mar 10. PubMed PMID: 22410388. 

Methodology is factor 
analysis 

40 Mattioli AV, Miloro C, Pennella S, Pedrazzi P, Farinetti A. Adherence to Mediterranean diet 
and intake of antioxidants influence spontaneous conversion of atrial fibrillation. Nutr Metab 
Cardiovasc Dis. 2013 Feb;23(2):115-21. doi: 10.1016/j.numecd.2011.03.005. Epub 2011 Jul 27. 
PubMed PMID: 21798731.  

Methodology is 
index/score 

41 Meneton P, Kesse-Guyot E, Fezeu L, Galan P, Hercberg S, Ménard J. Distinctive unhealthy 
eating pattern in free-living middle-aged hypertensives when compared with dyslipidemic or 
overweight patients. J Hypertens. 2013 Aug;31(8):1554-63. doi: 
10.1097/HJH.0b013e32836130f8. PubMed PMID: 23591702. 

Dependent variable is 
dietary intake 

42 Moore LL, Bradlee ML, Singer MR, Qureshi MM, Buendia JR, Daniels SR. Dietary 
Approaches to Stop Hypertension (DASH) eating pattern and risk of elevated blood pressure in 
adolescent girls. Br J Nutr. 2012 Nov 14;108(9):1678-85. doi: 10.1017/S000711451100715X. 
Epub 2012 Jan 16. PMID: 22243687 

Duplicate 

43 Naja F, Hwalla N, Itani L, Salem M, Azar ST, Zeidan MN, Nasreddine L. Dietary patterns and 
odds of Type 2 diabetes in Beirut, Lebanon: a case-control study. Nutr Metab (Lond). 2012 Dec 
27;9(1):111. doi: 10.1186/1743-7075-9-111. PubMed PMID: 23270372; PubMed Central 
PMCID: PMC3565896. 

Case-control 

44 Neuhouser ML, Howard B, Lu J, Tinker LF, Van Horn L, Caan B, Rohan T, Stefanick ML, 
Thomson CA. A low-fat dietary pattern and risk of metabolic syndrome in postmenopausal 
women: the Women's Health Initiative. Metabolism. 2012 Nov;61(11):1572-81. doi: 
10.1016/j.metabol.2012.04.007. Epub 2012 May 26. PubMed PMID: 22633601; PubMed 
Central PMCID: PMC3430820. 

Primary outcome is 
metabolic syndrome and 
statistical significance 
was assessed using the 5 
components 
simultaneously as 
outcomes, i.e. all 
components as a whole. 

45 Nicklas TA, Jahns L, Bogle ML, Chester DN, Giovanni M, Klurfeld DM, Laugero K, Liu Y, 
Lopez S, Tucker KL. Barriers and Facilitators for Consumer Adherence to the Dietary 
Guidelines for Americans: The HEALTH Study. J Acad Nutr Diet. 2013 Jul 16. doi:pii: S2212-
2672(13)00527-3. 10.1016/j.jand.2013.05.004. [Epub ahead of print] PubMed PMID: 
23871110.  

Independent variables are 
barriers and facilitators to 
adherence  

46 Nicklas TA, O'Neil CE, Fulgoni VL 3rd. Diet quality is inversely related to cardiovascular risk 
factors in adults. J Nutr. 2012 Dec;142(12):2112-8. doi: 10.3945/jn.112.164889. Epub 2012 Oct 
17. Erratum in: J Nutr. 2013 Apr;143(4):550. PubMed PMID: 23077187. 

Methodology is 
index/score 

 
47 Northstone K, Smith AD, Cribb VL, Emmett PM. Dietary patterns in UK adolescents obtained 

from a dual-source FFQ and their associations with socio-economic position, nutrient intake 
and modes of eating. Public Health Nutr. 2013 Jun 20:1-10. [Epub ahead of print] PubMed 
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Nutr Res Pract. 2013 Jun;7(3):224-32. doi: 10.4162/nrp.2013.7.3.224. Epub 2013 Jun 3. 
PubMed PMID: 23766884; PubMed Central PMCID: PMC3679332. 

Methodology is factor 
analysis 

 

59 Shirani F, Salehi-Abargouei A, Azadbakht L. Effects of Dietary Approaches to Stop 
Hypertension (DASH) diet on some risk for developing type 2 diabetes: a systematic review 
and meta-analysis on controlled clinical trials. Nutrition. 2013 Jul-Aug;29(7-8):939-47. doi: 
10.1016/j.nut.2012.12.021. Epub 2013 Mar 6.PubMed PMID: 23473733. 

Systematic review/ meta-
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Appendix H: Literature Search Results – Type 2 Diabetes 
 

Systematic Review Questions:  
• What is the relationship between adherence to dietary guidelines/ recommendations or 

specific dietary patterns and risk of type 2 diabetes?  
- a priori index 

• Are prevailing patterns of diet behavior in a population related to risk of type 2 diabetes? 
- factor analysis, principal component analysis; cluster analysis 

• What combinations of food intake explain the most variation in risk of type 2 diabetes? 
- reduced rank regression; discriminant analysis  

• What is the relationship between adherence to dietary guidelines/ recommendations or 
specific dietary patterns and risk of type 2 diabetes?  

- (studies that do not use methodologies included above) 
 

Search Results: 
Total Hits: 4,047 
Total Selected: 347 
Total Included: 37 
 
Databases Searched: 
 
A. PubMed 

Search date: 09/2012; updated through 08/2013 
Date range: No limit 
Search Terms: 
 (“insulin resistance”[mh] OR “insulin”[ti]  OR inflammation[ti] OR glucose intoleran*[ti] 
OR "Glucose Intolerance"[Mesh] OR diabetes[ti] OR "Diabetes Mellitus, Type 2"[Mesh] OR 
"Hemoglobin A, Glycosylated"[Mesh] OR “hemoglobin A1c “[ti] OR (“impaired fasting” 
AND (glucose OR glycemi*)) OR “onset diabetes” OR “impaired glucose”) 
AND 
(“diet quality” OR dietary pattern* OR diet pattern* OR eating pattern* OR food pattern* 
OR eating habit* OR dietary habit* OR food habit* OR dietary profile* OR food profile* 
OR diet profile* OR eating profile* OR dietary guideline* OR dietary recommendation* OR 
food intake pattern* OR dietary intake pattern* OR diet pattern* OR eating style*) OR 
 
(DASH OR (dietary approaches to stop hypertension) OR "Diet, Mediterranean"[Mesh] OR 
vegan* OR vegetarian* OR "Diet, Vegetarian"[Mesh] OR “prudent diet” OR “western diet” 
OR omniheart OR (Optimal Macronutrient Intake Trial to Prevent Heart Disease) OR 
((Okinawa* OR "Ethnic Groups"[Mesh] OR “plant based” OR Mediterranean[tiab]) AND 
(diet[mh] OR diet[tiab] OR food[mh])))   
OR 
("Guideline Adherence"[Mesh] AND (diet OR food OR eating OR eat OR dietary OR 
feeding OR nutrition OR nutrient*)) OR (adherence AND (nutrient* OR nutrition OR diet 
OR dietary OR food OR eat OR eating) AND (guideline* OR guidance OR 
recommendation*)) OR 
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(dietary score* OR adequacy index* OR kidmed OR Diet Quality Index* OR Food Score* 
OR Diet Score* OR MedDietScore OR Dietary Pattern Score* OR “healthy eating 
index”)OR 
((index*[ti] OR score*[ti] OR indexes OR scoring[ti] indices[ti]) AND (dietary[ti] OR 
nutrient*[ti] OR eating[tiab] OR OR food[ti] OR food[mh] OR diet[ti] OR diet[mh]) AND 
(pattern* OR habit* OR profile*)) 
Eng/hum AND ("Study Characteristics" [Publication Type] OR “clinical trial”[ptyp] OR 
"Epidemiologic Studies"[Mesh] OR "Support of Research"[ptyp]) NOT (editorial[ptyp] OR 
comment[ptyp] OR news[ptyp] OR letter[ptyp] OR review[ptyp])  1696; 1545 Eng/hum        

 
B. Cochrane  

Search date: 11/2012; updated through 08/2013 
Date range: No limit 
Search Terms: 
 (“diet quality” OR dietary NEXT guideline OR dietary NEXT recommendation OR ((food 
OR eating OR diet OR dietary) NEAR/3 (pattern OR profile OR habit)) OR (eating NEXT 
style) OR (“dietary approaches to stop hypertension” OR vegan* OR vegetarian* OR 
“prudent diet” OR “western diet” OR omniheart OR "Optimal Macronutrient Intake Trial to 
Prevent Heart Disease" OR ((asia* OR western OR Okinawa* OR “plant based” OR 
Mediterranean:ti,ab,kw OR DASH) AND (diet*:ti,ab,kw OR food:ti,ab,kw)))  OR ((Index 
OR score OR indices OR scoring) NEAR/3 (dietary OR diet OR food OR eating)) OR 
“adequacy index” OR kidmed OR MedDietScore) AND 
((“insulin resistance”:ti,kw OR “insulin”:ti  OR inflammation:ti OR glucose intoleran*:ti,kw 
OR "Glucose Intolerance":ti,kw OR diabetes:ti,kw OR ("Hemoglobin A":ti AND 
Glycosylated:ti) OR “hemoglobin A1c “:ti OR (“impaired fasting”:ti AND (glucose:ti OR 
glycemi*:ti)) OR “onset diabetes”:ti OR “impaired glucose”:ti) NOT (pubmed AND trials) 
OR 
(“insulin resistance”:ti,kw or “insulin”:ti or inflammation:ti or glucose intoleran*:ti,kw or 
"Glucose Intolerance":ti,kw or diabetes:ti,kw or ("Hemoglobin A":ti and Glycosylated:ti) or 
“hemoglobin A1c “:ti or (“impaired fasting” and (glucose:ti or glycemi*:ti)) or “onset 
diabetes” or “impaired glucose”)) 

 
C. Embase 

Search date: 09/2012; updated through 08/2013 
Date range: No limit 
Search Terms: 
 (MedDietScore OR adequacy index* OR kidmed OR “healthy eating index”)  
 ((index:ab,ti  OR score:ab,ti OR scoring:ab,ti) NEAR/3 ('diet quality' OR dietary OR 
nutrient* OR eating:ti,ab OR food:ti,ab OR diet:ab,ti))  
(‘diet quality’ OR 'eating habit'/exp OR 'Mediterranean diet'/exp OR DASH:ti,ab OR ‘dietary 
approaches to stop hypertension’:ti,ab OR vegan*:ab,ti  OR vegetarian*:ab,ti  OR 'vegetarian 
diet'/exp OR  'vegetarian'/exp OR ‘prudent diet’:ti,ab OR ‘western diet’:ti,ab OR 
omniheart:ti,ab OR omni:ti OR ‘plant based diet’) OR ((dietary OR eating OR food OR diet) 
NEAR/2 (pattern? OR habit? OR profile? OR recommendation? OR guideline?))  OR 
(('ethnic, racial and religious groups'/exp  or Okinawa*) AND (diet/exp OR eating/exp OR 
'food intake'/de)) AND 
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(“insulin”:ti  OR inflammation:ti OR glucose intoleran*:ti  OR diabetes:ti  OR “hemoglobin 
A1c”:ti OR (“impaired fasting” AND (glucose OR glycemi*)) OR “onset diabetes” OR 
“impaired glucose” OR 'insulin resistance'/exp OR 'glucose intolerance'/exp OR 'non insulin 
dependent diabetes mellitus'/exp OR 'glycosylated hemoglobin'/exp OR 'impaired glucose 
tolerance'/exp OR 'maturity onset diabetes mellitus'/exp) 

 
D. Navigator:  (FSTA/BIOSIS/CAB Abstracts) 

Search date: 11/2012; updated through 01/2013 
Date range: No limit 
Search Terms: 
(MedDietScore or "adequacy index" or kidmed or ((index or score) near/2 (("diet quality") or 
dietary or nutrient* or eating or food or diet)) or ((Diet or dietary or eating or food) near/2 
(pattern* or profile* or habit* or guideline* or recommendation*) or "diet quality") or 
“dietary approaches to stop hypertension” or vegan* or vegetarian* or "prudent diet" or 
"western diet" or omniheart or "Optimal Macronutrient Intake Trial to Prevent Heart 
Disease" or ((Okinawa* or asia* or Chinese or japan* or Hispanic* or ethnic or "plant based" 
or title:omni or title:Mediterranean or DASH) near/3 (title:diet* or abstract:diet*))) and 
(abstract:"insulin resistance" or title: "insulin" or title: inflammation or title:glucose near/1 
intoleran* or abstract:"Glucose Intolerance" or title:diabetes or ("Hemoglobin A" near/1 
Glycosylated) or title:"hemoglobin A1c " or ("impaired fasting" and (glucose or glycemi*)) 
or "onset diabetes" or "impaired glucose")) -(database:medline OR database:agricola OR 
database:agris OR database:ffab OR database:wesw OR database:geobase OR database:zoor) 
doc-type:Articles language:English 
 
(MedDietScore or "adequacy index" or kidmed or ((index or score) near/2 (("diet quality") or 
dietary or nutrient* or eating or food or diet)) or ((Diet or dietary or eating or food) near/2 
(pattern* or profile* or habit* or guideline* or recommendation*) or "diet quality") or 
“dietary approaches to stop hypertension” or vegan* or vegetarian* or "prudent diet" or 
"western diet" or omniheart or "Optimal Macronutrient Intake Trial to Prevent Heart 
Disease" or ((Okinawa* or asia* or Chinese or japan* or Hispanic* or ethnic or "plant based" 
or title:omni or title:Mediterranean or DASH) near/3 (title:diet* or abstract:diet*)))  AND 
((keyword:"insulin resistance" or keyword:"Glucose Intolerance" or keyword:diabetes or 
("Hemoglobin A" near/1 Glycosylated) or keyword:"hemoglobin A1c ") NOT 
(abstract:"insulin resistance" or title: "insulin" or title: inflammation or ti:glucose near/1 
intoleran* or abstract:"Glucose Intolerance" or title:diabetes or ("Hemoglobin A" near/1 
Glycosylated) or title:"hemoglobin A1c " or ("impaired fasting" and (glucose or glycemi*)) 
or "onset diabetes" or "impaired glucose")) -(database:medline OR database:agricola OR 
database:agris OR database:ffab OR database:wesw OR database:geobase OR database:zoor) 
doc-type:Articles language:English 
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Figure H.1. Flow chart of literature search results for studies examining the relationship 
between dietary patterns and risk of type 2 diabetes 

 

 
 
 
INCLUDED ARTICLES 
 
Index/Score:  
 
1. Abiemo EE, Alonso A, Nettleton JA, Steffen LM, Bertoni AG, Jain A, Lutsey PL. 

Relationships of the Mediterranean dietary pattern with insulin resistance and diabetes 
incidence in the Multi-Ethnic Study of Atherosclerosis (MESA). Br J Nutr. 2012 Aug 30:1-8. 
[Epub ahead of print] PubMed PMID: 22932232.  

2. Estruch R, Martínez-González MA, Corella D, Salas-Salvadó J, Ruiz-Gutiérrez V, Covas MI, 
Fiol M, Gómez-Gracia E, López-Sabater MC, Vinyoles E, Arós F, Conde M, Lahoz C, 
Lapetra J, Sáez G, Ros E; PREDIMED Study. Investigators. Effects of a Mediterranean-style 
diet on cardiovascular risk factors: a randomized trial. Ann Intern Med. 2006 Jul 4;145(1):1-
11.  PMID: 16818923. (HAND SEARCH – Also in DP and BW/Obesity and CVD questions) 

3. Fung TT, McCullough M, van Dam RM, Hu FB. A prospective study of overall diet quality 
and risk of type 2 diabetes in women. Diabetes Care. 2007 Jul;30(7):1753-7. Epub 2007 Apr 
11. PubMed PMID: 17429059. 

4. Gopinath B, Rochtchina E, Flood VM, Mitchell P. Diet quality is prospectively associated 
with incident impaired fasting glucose in older adults. Diabet Med. 2013 Jan 10. doi: 
10.1111/dme.12109. [Epub ahead of print] PubMed PMID: 23301551.   

5. Jacobs DR Jr, Sluik D, Rokling-Andersen MH, Anderssen SA, Drevon CA. Association of 1-
y changes in diet pattern with cardiovascular disease risk factors and adipokines: results from 
the 1-y randomized Oslo Diet and Exercise Study. Am J Clin Nutr. 2009 Feb;89(2):509-17. 
Epub 2008 Dec 30. PubMed PMID: 19116328. (Also in DP and BW/Obesity and CVD 
questions) 

6. Liese AD, Nichols M, Sun X, D'Agostino RB Jr, Haffner SM. Adherence to the DASH Diet 
is inversely associated with incidence of type 2 diabetes: the insulin resistance atherosclerosis 
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study. Diabetes Care. 2009 Aug;32(8):1434-6. Epub 2009 Jun 1. PubMed PMID: 19487638; 
PubMed Central PMCID: PMC2713612.   

7. Martínez-González MA, de la Fuente-Arrillaga C, Nunez-Cordoba JM, Basterra-Gortari FJ, 
Beunza JJ, Vazquez Z, Benito S, Tortosa A, Bes-Rastrollo M. Adherence to Mediterranean 
diet and risk of developing diabetes: prospective cohort study. BMJ. 2008 Jun 
14;336(7657):1348-51. Epub 2008 May 29. PubMed PMID: 18511765; PubMed Central 
PMCID: PMC2427084.  

8. Rossi M, Turati F, Lagiou P, Trichopoulos D, Augustin LS, La Vecchia C, Trichopoulou A. 
Mediterranean diet and glycaemic load in relation to incidence of type 2 diabetes: results 
from the Greek cohort of the population-based European Prospective Investigation into 
Cancer and Nutrition (EPIC). Diabetologia. 2013 Aug 22. [Epub ahead of print] PMID: 
23975324  

9. Rumawas ME, Meigs JB, Dwyer JT, McKeown NM, Jacques PF. Mediterranean-style 
dietary pattern, reduced risk of metabolic syndrome traits, and incidence in the Framingham 
Offspring Cohort. Am J Clin Nutr. 2009 Dec;90(6):1608-14. Epub 2009 Oct 14. PubMed 
PMID: 19828705; PubMed Central PMCID: PMC3152203. (Also in DP and BW/Obesity 
and CVD questions) 

10. von Ruesten A, Illner AK, Buijsse B, Heidemann C, Boeing H. Adherence to 
recommendations of the German food pyramid and risk of chronic diseases: results from the 
EPIC-Potsdam study. Eur J Clin Nutr. 2010 Nov;64(11):1251-9. Epub 2010 Aug 18. PMID: 
20717136. (Also in DP and CVD question) 

11. Zamora D, Gordon-Larsen P, He K, Jacobs DR Jr, Shikany JM, Popkin BM. Are the 2005 
Dietary Guidelines for Americans Associated With reduced risk of type 2 diabetes and 
cardiometabolic risk factors? Twenty-year findings from the CARDIA study. Diabetes Care. 
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Cross-sectional study 

183.   Mohamed BA, Almajwal AM, Saeed AA, Bani IA. Dietary practices 
among patients with type 2 diabetes in Riyadh, Saudi Arabia. Journal of 
Food, Agriculture and Environment. 2013. Department of Community 
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after/case-control/cross-
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11874925. 
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Subjects diagnosed with type 2 
diabetes 

223.  Qi L, Cornelis MC, Zhang C, van Dam RM, Hu FB. Genetic predisposition, 
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sectional study) 

225.  Rankins J, Wortham J, Brown LL. Modifying soul food for the Dietary 
Approaches to Stop Hypertension diet (DASH) plan: implications for 
metabolic syndrome (DASH of Soul). Ethn Dis. 2007 Summer;17(3 Suppl 
4):S4-7-12. PubMed PMID: 17987695. 

Did not examine the 
relationship between dietary 
patterns and type 2 diabetes; 
examined strategies for DASH  
menu planning 

226.  Rao PV. Dietary patterns and glucose intolerance among rural Indian 
populations. J Indian Med Assoc. 2002 Mar;100(3):137-40. PubMed PMID: 
12408269. 

Subjects from India 

http://www.ncbi.nlm.nih.gov/pubmed/11874925
http://www.ncbi.nlm.nih.gov/pubmed/11874925
http://www.ncbi.nlm.nih.gov/pubmed/11874925
http://www.ncbi.nlm.nih.gov/pubmed/13647399
http://www.ncbi.nlm.nih.gov/pubmed/13647399
http://www.ncbi.nlm.nih.gov/pubmed/13647399
http://www.ncbi.nlm.nih.gov/pubmed/15639678
http://www.ncbi.nlm.nih.gov/pubmed/15639678
http://www.ncbi.nlm.nih.gov/pubmed/18389333
http://www.ncbi.nlm.nih.gov/pubmed/18389333
http://www.ncbi.nlm.nih.gov/pubmed/23153977
http://www.ncbi.nlm.nih.gov/pubmed/23153977
http://www.ncbi.nlm.nih.gov/pubmed/23153977
http://www.ncbi.nlm.nih.gov/pubmed/2843337
http://www.ncbi.nlm.nih.gov/pubmed/2843337
http://www.ncbi.nlm.nih.gov/pubmed/19279076
http://www.ncbi.nlm.nih.gov/pubmed/19279076
http://www.ncbi.nlm.nih.gov/pubmed/17987695
http://www.ncbi.nlm.nih.gov/pubmed/17987695
http://www.ncbi.nlm.nih.gov/pubmed/17987695
http://www.ncbi.nlm.nih.gov/pubmed/12408269
http://www.ncbi.nlm.nih.gov/pubmed/12408269


Dietary Patterns   240 
 

227.  Regidor E, Franch J, Segui M, Serrano R, Rodriguez-Artalejo F, Artola S. 
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sectional study) 

236.  Romero-Polvo A, Denova-Gutiérrez E, Rivera-Paredez B, Castañón S, 
Gallegos-Carrillo K, Halley-Castillo E, Borges G, Flores M, Salmerón J. 
Association between Dietary Patterns and Insulin Resistance in Mexican 
Children and Adolescents. Ann Nutr Metab. 2012 Oct 2;61(2):142-150. 
[Epub ahead of print] PubMed PMID: 23037180. 

Cross-sectional 

237.  Russell ME, Weiss KM, Buchanan AV, Etherton TD, Moore JH, Kris-
Etherton PM. Plasma lipids and diet of the Mvskoke Indians. Am J Clin 
Nutr. 1994 Apr;59(4):847-52. PubMed PMID: 8147329. 
 

Cross-sectional study 

http://www.ncbi.nlm.nih.gov/pubmed/21787450
http://www.ncbi.nlm.nih.gov/pubmed/21787450
http://www.ncbi.nlm.nih.gov/pubmed/21787450
http://www.ncbi.nlm.nih.gov/pubmed/20554173
http://www.ncbi.nlm.nih.gov/pubmed/20554173
http://www.ncbi.nlm.nih.gov/pubmed/20554173
http://www.ncbi.nlm.nih.gov/pubmed/22790237
http://www.ncbi.nlm.nih.gov/pubmed/22790237
http://www.ncbi.nlm.nih.gov/pubmed/22790237
http://www.ncbi.nlm.nih.gov/pubmed/17426738
http://www.ncbi.nlm.nih.gov/pubmed/17426738
http://www.ncbi.nlm.nih.gov/pubmed/17426738
http://www.ncbi.nlm.nih.gov/pubmed/10812377
http://www.ncbi.nlm.nih.gov/pubmed/10812377
http://www.ncbi.nlm.nih.gov/pubmed/23037180
http://www.ncbi.nlm.nih.gov/pubmed/23037180
http://www.ncbi.nlm.nih.gov/pubmed/8147329


Dietary Patterns   241 
 

238.  Ryan M, McInerney D, Owens D, Collins P, Johnson A, Tomkin GH. 
Diabetes and the Mediterranean diet: a beneficial effect of oleic acid on 
insulin sensitivity, adipocyte glucose transport and endothelium-dependent 
vasoreactivity. QJM. 2000 Feb;93(2):85-91. PubMed PMID: 10700478. 

Subjects diagnosed with type 2 
diabetes 

239.  Ryan MC, Itsiopoulos C, Thodis T, Ward G, Trost N, Hofferberth S,O'Dea 
K,Desmond PV,Johnson NA,Wilson AM. The Mediterranean diet 
improves hepatic steatosis and insulin sensitivity in individuals with non-
alcoholic fatty liver disease. Journal of Hepatology. 2013. Gastroenterology 
Department, St Vincent's Hospital, Melbourne, Australia. 
Marno.Ryan@svhm.org.au. 59. 138-43. PMID: 23485520 DOI: 
10.1016/j.jhep.2013.02.012. 

Insufficient sample size (less 
than 30 subjects per study 
arm) 

240.  Saito T, Watanabe M, Nishida J, Izumi T, Omura M, Takagi T, Fukunaga R, 
Bandai Y, Tajima N, Nakamura Y, Ito M; Zensharen Study for Prevention of 
Lifestyle Diseases Group. Lifestyle modification and prevention of type 2 
diabetes in overweight Japanese with impaired fasting glucose levels: a 
randomized controlled trial. Arch Intern Med. 2011 Aug 8;171(15):1352-60. 
PubMed PMID: 21824948. 

Did not examine dietary 
patterns as defined for this 
project  

241.  Sari I, Baltaci Y, Bagci C, Davutoglu V, Erel O, Celik H, Ozer O, Aksoy N, 
Aksoy M. Effect of pistachio diet on lipid parameters, endothelial function, 
inflammation, and oxidative status: a prospective study. Nutrition. 2010 
Apr;26(4):399-404. Epub 2009 Jul 31. PubMed PMID: 19647416. 

Before and after study 

242.  Sarwar Zaman G, Akhtar Zaman F, Arifullah M. Comparative risk of type 2 
diabetes mellitus among vegetarians and non-vegetarians. Indian J 
Community Med. 2010 Jul;35(3):441-2. PubMed PMID: 21031118; PubMed 
Central PMCID: PMC2963891. 

Letter  

243.  Savoca M, Miller C. Food selection and eating patterns: themes found 
among people with type 2 diabetes mellitus. J Nutr Educ. 2001 Jul-
Aug;33(4):224-33. PubMed PMID: 11953244. 

Subjects diagnosed with type 2 
diabetes 

244.  Savoca MR, Miller CK, Ludwig DA. Food habits are related to glycemic 
control among people with type 2 diabetes mellitus. J Am Diet Assoc. 2004 
Apr;104(4):560-6. PubMed PMID: 15054341. 

Subjects diagnosed with type 2 
diabetes 

245.  Schmidt LE, Rost KM, McGill JB, Santiago JV. The relationship between 
eating patterns and metabolic control in patients with non-insulin-dependent 
diabetes mellitus (NIDDM). Diabetes Educ. 1994 Jul-Aug;20(4):317-21. 
PubMed PMID: 7851248. 

Subjects diagnosed with type 2 
diabetes 

246.  Schoenaker DA, Dobson AJ, Soedamah-Muthu SS, Mishra GD. Factor 
Analysis Is More Appropriate to Identify Overall Dietary Patterns 
Associated with Diabetes When Compared with Treelet Transform Analysis. 
J Nutr. 2013 Jan 23. [Epub ahead of print] PubMed PMID: 23343674. 

Narrative review 

247.  Scholfield DJ, Behall KM, Bhathena SJ, Kelsay J, Reiser S, Revett KR. A 
study on Asian Indian and American vegetarians: indications of a racial 
predisposition to glucose intolerance. Am J Clin Nutr. 1987 Dec;46(6):955-
61. PubMed PMID: 3318380. 

Did not examine dietary 
patterns; examined the 
relationship between race and 
glucose intolerance 

248.  Schulze MB, Hoffmann K, Manson JE, Willett WC, Meigs JB, Weikert C, 
Heidemann C, Colditz GA, Hu FB. Dietary pattern, inflammation, and 
incidence of type 2 diabetes in women. Am J Clin Nutr. 2005 Sep;82(3):675-
84; quiz 714-5. PubMed PMID: 16155283; PubMed Central PMCID: 
PMC2563043. 

Case-control study 

249.  Schulze MB, Hu FB. Dietary patterns and risk of hypertension, type 2 
diabetes mellitus, and coronary heart disease. Curr Atheroscler Rep. 2002. 
London UK. 4. 462-467. DOI:#DOI# 

Excluded study design 
(narrative/systematic review; 
meta-analysis; before and 
after/case-control/cross-
sectional study) 
 
 

http://www.ncbi.nlm.nih.gov/pubmed/10700478
http://www.ncbi.nlm.nih.gov/pubmed/10700478
http://www.ncbi.nlm.nih.gov/pubmed/10700478
http://www.ncbi.nlm.nih.gov/pubmed/21824948
http://www.ncbi.nlm.nih.gov/pubmed/21824948
http://www.ncbi.nlm.nih.gov/pubmed/21824948
http://www.ncbi.nlm.nih.gov/pubmed/19647416
http://www.ncbi.nlm.nih.gov/pubmed/19647416
http://www.ncbi.nlm.nih.gov/pubmed/21031118
http://www.ncbi.nlm.nih.gov/pubmed/21031118
http://www.ncbi.nlm.nih.gov/pubmed/11953244
http://www.ncbi.nlm.nih.gov/pubmed/11953244
http://www.ncbi.nlm.nih.gov/pubmed/15054341
http://www.ncbi.nlm.nih.gov/pubmed/15054341
http://www.ncbi.nlm.nih.gov/pubmed/7851248
http://www.ncbi.nlm.nih.gov/pubmed/7851248
http://www.ncbi.nlm.nih.gov/pubmed/7851248
http://www.ncbi.nlm.nih.gov/pubmed/23343674
http://www.ncbi.nlm.nih.gov/pubmed/23343674
http://www.ncbi.nlm.nih.gov/pubmed/23343674
http://www.ncbi.nlm.nih.gov/pubmed/3318380
http://www.ncbi.nlm.nih.gov/pubmed/3318380
http://www.ncbi.nlm.nih.gov/pubmed/3318380
http://www.ncbi.nlm.nih.gov/pubmed/16155283
http://www.ncbi.nlm.nih.gov/pubmed/16155283


Dietary Patterns   242 
 

250.  Schulze MB, Schulz M, Heidemann C, Schienkiewitz A, Hoffmann K, 
Boeing H. Carbohydrate intake and incidence of type 2 diabetes in the 
European Prospective Investigation into Cancer and Nutrition (EPIC)-
Potsdam Study. Br J Nutr. 2008 May;99(5):1107-16. Epub 2007 Nov 8. 
PubMed PMID: 17988431. 

Did not examine dietary 
patterns; examined 
carbohydrate intake 

251.  Schwenke DC. Beyond the Mediterranean to optimal dietary patterns. 
Current Opinion in Lipidology. 2013. #author address#. 24. 96-100. PMID: 
23298963 DOI: 10.1097/MOL.0b013e32835c94d2. 

Excluded study design 
(narrative/systematic review; 
meta-analysis; before and 
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Cross-sectional study 

278.  Tomisaka K, Lako J, Maruyama C, Anh N, Lien D, Khoi HH, Van Chuyen 
N. Dietary patterns and risk factors for type 2 diabetes mellitus in Fijian, 
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Appendix I: Compiled Findings, Limitations, and Research 
Recommendations 
 
 

Dietary Patterns and Risk of Cardiovascular Disease 
 
Index Analysis: What is the relationship between adherence to dietary guidelines/ 
recommendations or specific dietary patterns, assessed using an index or score, and 
risk of cardiovascular disease?  

Conclusion Statement 
There is strong and consistent evidence that in healthy adults increased adherence to dietary 
patterns scoring high in fruits, vegetables, whole grains, nuts, legumes, unsaturated oils, low-fat 
dairy, poultry, and fish; low in red and processed meat, high-fat dairy, and added sugars; and 
moderate in alcohol is associated with decreased risk of fatal and non-fatal cardiovascular 
diseases, including coronary heart disease and stroke. 
 
Grade 
I – Strong 
  
Key Findings:  
• Three major categories of dietary pattern scores were identified related to cardiovascular 

disease (CVD) risk: dietary exposure based on adherence to (1) a Mediterranean dietary 
pattern, (2) dietary guidelines recommendations, or (3) a DASH diet.  

• The preponderance of the evidence from studies carried out in large, well-characterized 
prospective cohorts from the United States, Europe, Japan, and Australia showed that, in 
healthy adults, an increase in a Mediterranean diet score or dietary guidelines-related score 
was associated with decreased risk of fatal and non-fatal CVD, defined as coronary heart 
disease (CHD) and stroke, as well as decreased risk of CHD and stroke as individual clinical 
outcomes. Fewer studies assessed the association between adherence to a DASH diet and 
CVD, CHD, or stroke outcomes, using an index or score, and their findings were inconsistent.  

• Scores that were most frequently associated with decreased risk of CVD, CHD, or stroke, in 
categorical comparisons of adherence, were the original Mediterranean Diet Score (MDS), the 
Alternate Mediterranean Diet Score (aMed), the Healthy Eating Index (HEI)-2005, the 
Alternate HEI (AHEI) and updated AHEI-2010, the Recommended Food Score (RFS), and 
one of the DASH scores.   

• Positive food components of scores that were associated with decreased CVD risk were fruits, 
vegetables, whole grains, nuts, legumes, unsaturated fats, and fish. Alcohol was included as a 
positive component when consumed in moderation, but not in all scores. Red and processed 
meats were negative components in the Mediterranean scores, AHEI scores, and DASH; 
whereas, poultry was included as a positive component in the original AHEI and RFS scores. 
Total high-fat dairy was a negative component in the MDS, but dairy was a positive 
component when meeting recommended intakes for the HEI-2005 or as low-fat dairy in the 
RFS and DASH scores. Certain scores also included sugars or sugar-sweetened beverages as 
negative components.  
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• Studies that assessed the association between individual food components of scores and CVD 
risk were consistent with the identified food components from comparisons across predictive 
scores. 

• A smaller number of studies examined intermediate, secondary outcomes and other individual 
clinical endpoints outcomes with mixed results.  

 
Limitations of the Evidence 
Common limitations of studies on dietary patterns using a priori scores involve the use of 
different scores, differences between scores that are based on median population intakes versus 
indices that are based on recommended intakes, scores that use similar weights for each 
component assuming equivalent effects on health, the use of different confounding factors (or lack 
of sufficient adjustment), and problems associated with use of different FFQs and validation 
related to other methods of diet assessment. It should be said, however, that in this relatively large 
body of evidence, a limited number of scores were used, oftentimes less complicated versions of 
these scores, and in a number of cases the different scores were tested in the same cohorts. 
Overall, this makes the comparison of food components across these scores feasible. Additionally, 
a very common limitation in many prospective cohort studies is that dietary intake is based on a 
single dietary assessment at baseline, with no follow-up assessment of dietary intake over the 
period of the study. However, this body of evidence had notable exceptions including Chiuve 
(2010 [aMed/NHS] and 2011 [HEI, AHEI/NHS, HPFS]), and Fung (2008 [DASH/NHS] and 2009 
[aMed/NHS]) that measured dietary intakes at regular intervals across the period of follow-up of 
the respective studies. Therefore, these studies did take into account the fact that diets change over 
time due to trends in the food supply, as well as the fact that population-level and individual-level 
food choices change over time.  
 
Research Recommendations 
The studies covered in this systematic review provide results that improve some of the problems 
involved in dietary patterns research. For example, the need for consensus on a single score or 
index that is applicable across populations is less problematic in this body of evidence than for 
some other outcomes, as a relatively small number of uncomplicated scores have been used to 
successfully predict CVD risk in large U.S. and European populations. Further quantitative 
analysis/comparisons of these scores and their respective components by meta-analysis would be 
particularly useful. Although a large number of the studies assessed food group components and 
their association with CVD outcomes, many did not, and more precise determination of the 
benefits and risks of individual components (e.g., alcohol) would be helpful for policy 
recommendations. In addition, component analysis could be improved by determining interaction 
terms across components that would be needed to maintain a dietary patterns approach. 
Methodologically, research in this area could be improved by measuring dietary intake at regular  
intervals over the course of a prospective study, rather than just at baseline (although a few of the 
large cohort studies in this body of evidence did this). Determining the best approach to weighing 
and scoring individual food components would also improve the rigor in application of scores to 
assess dietary pattern adherence. Additionally, studies in this body of evidence that assessed 
gender differences in the relationship between adherence to a dietary pattern and CVD risk found 
inconsistent results. Further research is needed to clarify this. There were also very few studies 
that identified racial/ethnic subgroups within their cohorts and analyzed these groups separately 
related to CVD risk and this warrants additional research. Assessment of dietary patterns at earlier 
and later stages of the life cycle is also recommended. Lastly, behavioral issues related to timing, 
frequency, and size of meals need further consideration. 
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Other Methods: What is the relationship between adherence to dietary guidelines/ 
recommendations or specific dietary patterns, assessed using methods other than index/score, 
cluster or factor, or reduced rank regression analyses, and risk of cardiovascular disease? 
 

Conclusion Statement 
There is strong and consistent evidence that consumption of a DASH diet results in reduced blood 
pressure in adults with above optimal blood pressure, up to and including stage 1 hypertension. A 
dietary pattern consistent with the DASH diet is rich in fruits, vegetables, low-fat dairy, fish, 
whole grains, fiber, potassium, and other minerals at recommended levels and low in red and 
processed meat, sugar-sweetened foods and drinks, saturated fat, cholesterol, and sodium. There is 
limited evidence that adherence to vegetarian diets is associated with decreased death from 
ischemic heart disease, with the association being stronger in men than in women.  
 
Grade 
I-Strong - DASH and Blood Pressure; III-Limited – Vegetarian and Ischemic Heart Disease 
 
Key Findings:  
• Two types of dietary patterns were identified using other methods of assessing dietary 

exposure related to cardiovascular disease (CVD) risk: (1) a DASH dietary pattern and (2) a 
vegetarian-style dietary pattern. 

• Evidence from RCTs showed a DASH diet resulted in reduced blood pressure (BP) including 
systolic BP (SBP) and/or diastolic BP (BP) in adults with above optimal blood pressure, up to 
and including stage 1 hypertension, with further reductions with the low sodium DASH 
modification and the DASH high protein or DASH high unsaturated fat modifications 
(OmniHeart). Addition of a behavioral intervention or weight management intervention 
together with the DASH diet was more effective in reducing BP than DASH diet alone 
(PREMIER, ENCORE). Approximately two-thirds of the U.S. population has pre-
hypertension or hypertension.  

• Evidence from prospective cohort studies showed a vegetarian diet was associated with 
reduced ischemic heart disease (IHD) or cardiovascular disease (CVD) mortality in four out of 
six studies. In studies that showed a favorable association for the vegetarian diet, the risk 
reduction for men was greater than that for women. The association between vegetarian diets 
and BP was less clear.  

• Studies that examined cerebrovascular disease or stroke mortality did not find differences 
between vegetarians and non-vegetarians.  

• The results of either a DASH diet or vegetarian diet on blood lipids were mixed regarding 
effects on total-, LDL-, and HDL-cholesterol and triglycerides.   

• The DASH diet is high in fruits, vegetables, low-fat diary, whole grains, fish, fiber, 
potassium, and other minerals at recommended levels and low in red and processed meat, 
sugar-sweetened foods and drinks, saturated fat, cholesterol, and sodium. Vegetarian diets 
include vegan (no meat, fish, eggs, or dairy). lacto-ovo vegetarian (includes eggs and dairy, 
but no fish or meat), and pesco vegetarian (includes fish, but no meat) diets. 

 
 
Limitations of the Evidence 
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In the DASH trials, including the original DASH and DASH-sodium, the feeding phases were 
relatively brief (4-8 weeks) and the trial outcomes were CVD risk factors, not clinical events. In 
DASH trials with free-living populations, including PREMIER and ENCORE, there was the 
potential for selection bias, as participants may have been more motivated toward behavior 
modifications. 
 
The studies on vegetarian diets were all prospective cohort studies, and there was the potential for 
vegetarian cohorts to be relatively health conscious in other lifestyle components, in addition to 
diet. Additionally, in these studies, analyses relied on single baseline measurements of diet, 
without further dietary intake assessment over the time course of prospective studies. Related to 
the specific systematic review question on dietary patterns, vegetarian diets including vegan, lacto-
ovo vegetarian, and pesco vegetarian, were most often described by what was excluded from the 
diet rather than a full dietary pattern including all foods and beverages consumed. Overall, the 
definition of vegetarian diets has not been standardized. 
 
Research Recommendations 
Vegetarian diets are often defined by what is excluded from the diet rather than what is included; 
therefore, researchers should make efforts to characterize the diets of self-identified vegetarians 
more fully in terms of their patterns of food choice. In addition, standardization of the various 
definitions of vegetarian diets across different populations and locations would further advance 
knowledge in this area. The benefits of vegetarian diets are associated, in part, with decreased 
consumption of animal products; given this, it would help to inform policy if investigators could 
determine how much of a decrease in animal product consumption is most beneficial related to 
CVD risk. Methodologically, research in this area could be further improved by measuring dietary 
intake at regular intervals over the course of prospective studies, rather than just at baseline.  
 
Further research needs to be done to clarify the effect of a DASH diet on blood pressure outcomes 
by racial/ethnic subgroups, as well as gender differences in blood lipid measures. The potential 
gender difference in the association between vegetarian diets and CHD mortality (i.e., more 
pronounced in men) needs to be further clarified, and this could be informed by detailed analyses 
of different forms of vegetarian diets including vegan, lacto-ovo vegetarian, and pesco-vegetarian 
diets, together with a fuller accounting of what these diets include as well as exclude. Women’s 
diets tend to have higher diet quality with regard to a number of dietary dimensions other than 
protein sources which could explain why this particular exclusion does not have as pronounced an 
effect among them. 

 
Factor or Cluster Analysis: Are prevailing patterns of diet behavior in a population, 
assessed using factor or cluster analysis, related to risk of cardiovascular disease? 
 

Conclusion Statement 
Limited evidence from epidemiological studies indicates that dietary patterns, assessed 
using cluster or factor analysis, characterized by vegetables, fruits, whole grains, fish, and 
low-fat dairy products are associated with decreased risk of cardiovascular disease in 
adults. Evidence of a relationship between dietary patterns characterized by red and 
processed meat, sugar-sweetened foods and drinks, and fried foods and an increased risk of 
cardiovascular disease is limited and less consistent. 
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Grade 
III – Limited 
 
Key Findings 

• Cluster and factor analyses are data-driven approaches that describe the dietary patterns 
consumed by the study population. High variability in the studies included in this review, 
including populations, case number, sample size, dietary assessment techniques, methods 
used to define and retain factors and clusters, confounders considered and the statistical 
analysis employed, made comparisons among studies challenging. 

• Patterns derived from either factor or cluster analyses are not reproducible across studies. The 
consolidation of food items into food groups, the number of factors or clusters to extract, and 
the labeling of components are based on subjective decisions. Patterns using the same naming 
convention frequently contain different foods or groups of foods, making it difficult to draw 
conclusions.  

• In general, favorable associations with CVD risk were seen in dietary patterns characterized 
by high consumption of vegetables, fruits, whole grains, fish, and low-fat dairy products. The 
unfavorable patterns, characterized by high intake of red and processed meat, sugar-
sweetened foods and drinks, and fried foods, were more mixed in results, with no association 
with risk frequently found.  

• Association of patterns with favorable and unfavorable characteristics with CHD risk was 
mixed. Favorable patterns described as “prudent;” “healthy;” “evolved Mediterranean;” 
“bread, cereals, vegetables, fish, potatoes, and oils;” and “whole grains and fruit” had an 
inverse association with CHD, while other patterns described as “prudent” or “healthy” had 
no association with CHD. The same inconsistency was found among unfavorable patterns 
described as “western” or “animal.”  

• Variation in the number, design, size of studies, and patterns identified made it difficult to 
identify trends related to myocardial infarction, stroke, measures of blood lipids, and blood 
pressure. 

 
 
Limitations of the Evidence 

• Most longitudinal studies included only baseline measure of dietary intake and did not 
account for changes to subjects’ diets, availability and variations in the food supply, which 
may have influenced the food components of patterns.  

• Variations in the number and type of food groupings and definitions and naming conventions 
found in the review are not easily comparable, and factors with the same naming convention 
(e.g., “vegetable” or “healthy”) may include somewhat different foods or groups of foods with 
varying factor loadings.  

• Differences in the statistical analysis approaches used to derive and retain factors and clusters 
influences power and the ability to detect an association.  

• Patterns derived from factor analysis and cluster analyses were analyzed differently. In factor 
analysis, “high” scores were generally compared with “low” scores of the same pattern, 
though it was not clear what characteristic differences there were in a “high” versus “low” 
score factor. In cluster analysis, one cluster was compared with another one, making it 
difficult to interpret results together. 
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Research Recommendations 

• Evaluate and standardize methods used to assess, organize, aggregate, and adjust food 
variables to facilitate interpretation of findings across studies. 

• Additional research is needed to examine if and how gender, age, SES, and ethnicity might 
influence the relationship between dietary patterns and cardiovascular disease risk. 

• Explore the characteristics of dietary patterns beyond food choice, such as timing and 
frequency of meals, meal sizes, and eating occasions. 

 
 
Reduced Rank Regression: What is the relationship between adherence to dietary 
guidelines/recommendations or specific dietary patterns, assessed using reduced rank 
regression analysis, and cardiovascular disease? 
 

Conclusion Statement 
Insufficient evidence, due to a small number of studies, was available to examine the relationship 
between dietary patterns derived using reduced rank regression and risk of cardiovascular disease. 
The disparate nature of the methods used made it difficult to compare results, and therefore, no 
conclusions were drawn. 
 
Grade 
IV – Not Assignable 
  
Key Findings: 
• Four positive quality prospective cohort studies that used reduced rank regression to examine 

the relationship between dietary patterns and cardiovascular disease (CVD) status were 
included in this review. Comparison across studies is limited by the small number of studies, 
differences in methodologies used, and in the populations studied. Therefore, no conclusions 
were drawn. 

• More U.S. population-based research is needed to examine dietary patterns and risk of 
cardiovascular disease using reduced rank regression, preferably with more consistent 
methods and response variables.   

 
Limitations of the Evidence 

Methodological Differences: 
• Three out of the four studies used biomarkers and the fourth study used nutrients as response 

variables in the reduced rank regression analyses. Among the three studies that used 
biomarkers as response variables, there were differences in the type of biomarkers chosen, 
leading to the identification of dietary patterns that differed from study to study. Heroux 
(2009) used change in BMI, mean arterial pressure, total cholesterol, HDL-cholesterol, 
triglycerides (mg/dl), fasting glucose, and uric acid; Meyer (2011) used C-reactive protein, 
Interleukin (IL)-6, and Interleukin (IL)-18; and McNaughton (2009) used total cholesterol, 
HDL cholesterol, and triglycerides. The fourth study, Drogan (2007), used nutrients, 
including total fat, total carbohydrate, and fiber, as response variables. Because the dietary 
patterns described in each study are directly linked to response variables chosen, the variation 
in the response variables used means that the resulting dietary patterns may not be 
comparable. 
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• Dietary assessment methods were different across the studies. One study used 3-day diet 
records (Heroux 2009); another used a self-administered FFQ (Drogan 2007); a third used a 
127-item validated FFQ (McNaughton 2009); and the fourth study used a 7-day dietary record 
(Meyer 2011). It is unclear what impacts different dietary assessment methods have on the 
derivation of dietary patterns using reduced rank regression. 

• The studies were not consistent in their use of confounders in analyses. In particular, physical 
activity was not included as a confounder in the analyses by Meyer (2011), and Drogan 
(2007) did not include smoking as a confounder.  

 
Population Differences: 
• The studies were conducted in different countries (United States and several countries in 

Europe) and represented populations in different regions of the world, which limited the 
ability to compare and interpret the results due to potential differences in dietary patterns 
between these regions. From that perspective, the results may not be generalizable to some 
U.S. populations.  

 
Research Recommendations 
More research using reduced rank regression should be conducted. Additionally, standardization 
in methodology, such as food groupings and response variables used, are also needed.  

 
 
Dietary Patterns and Body Weight or Risk of Obesity 
 
Index Analysis: What is the relationship between adherence to dietary guidelines/ 
recommendations or specific dietary patterns, assessed using an index or score, and 
measures of body weight or obesity? 
 

Conclusion Statement 
There is moderate evidence that, in adults, increased adherence to dietary patterns scoring high in 
fruits, vegetables, whole grains, legumes, unsaturated oils, and fish; low in total meat, saturated fat, 
cholesterol, sugar-sweetened foods and drinks, and sodium; and moderate in dairy products and 
alcohol is associated with more favorable outcomes related to body weight or risk of obesity, with 
some reports of variation based on gender, race, or body weight status. 
 
Grade 

II - Moderate 

 
  



Dietary Patterns   8 
 

Key Findings:  

• Two major categories of dietary pattern scores were identified in the literature: (1) studies that 
examined exposure based on a Mediterranean dietary pattern and (2) studies that examined 
exposure based on dietary guidelines recommendations. 

• In adults, adherence to a Mediterranean diet score or a dietary guidelines-related score is 
associated with decreased risk of obesity, with some reported variation based on gender or 
body weight status. 

• This protective association in adults is further supported by consistent evidence indicating that 
an increased Mediterranean diet score or dietary guidelines-related score is associated with 
decreased body weight, BMI, waist circumference or percent body fat, with some variation 
based on gender and race. 

 
Limitations of the Evidence 
Limitations of the studies included in this systematic review, and potential reasons for differences 
and inconsistencies in results, include the use of different scores; differences between scores that 
are based on median population intakes versus indices that are based on recommended intakes; the 
use of different confounding factors or lack of sufficient adjustment for confounding factors; the 
problems associated with the use of different FFQs and validation related to other methods of diet 
assessment; and the handling of underreporting. Furthermore, in the majority of studies, total 
scores or indices were used and there was no separate analysis of individual score components and 
their potential association with outcomes. The application of the total score to the diet pattern 
analysis has the potential to “dilute” the effect of individual components. However, the assessment 
of individual components without interaction terms assumes that a given component has an 
independent association which potentially contradicts the theoretical rationale for examining the 
overall dietary pattern. Lastly, another common limitation was the single measurement of dietary 
intake at baseline. This does not take into account that diets change over time due to trends in the 
food supply and population-level and individual-level changes in food choices.  
 
Research Recommendations 

Given the combined evidence from this systematic review, several research recommendations can 
be advanced. Most striking is the need for consensus on a single index or score that is applicable 
across populations for a diversity of outcomes. If it is not feasible that one index can adequately 
assess the diversity of populations related to dietary patterns, research should be conducted to 
determine the best method by which components are chosen, grouped, and scored and whether or 
not the research tool is population based or independent of the population, so that there is 
uniformity across scores. The studies included in this review were focused on total scores, rather 
than component scores and their association with health outcomes. To strengthen the analysis of 
component scores, the interaction terms across components need to be assessed in order to 
maintain a dietary patterns approach. For prospective cohort studies, diet intake should be 
measured at multiple time points with assessment of dietary changes over the time as they relate to 
health outcomes. 
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Other Methods: What is the relationship between adherence to dietary guidelines/ 
recommendations or specific dietary patterns, assessed using methods other than 
index/score, cluster or factor, or reduced rank regression analyses, and body weight 
status? 
 

Conclusion Statement 
There is moderate evidence that adherence to a dietary pattern that emphasizes vegetables, fruits, 
and whole grains is associated with modest benefits in preventing weight gain or promoting 
weight loss in adults. 
 
Grade 
II – Moderate 
 
Key Findings 
• The Women’s Health Initiative (WHI), Mediterranean, Vegetarian, and “Healthy” dietary patterns 

were associated with beneficial body weight outcomes. These dietary patterns consistently emphasized 
fruits, vegetables, and whole grains. Fewer studies considered, but consistently observed benefits, with 
reduced meat intake. Some studies also considered total fat intake; these studies did not support that 
targeting a low total fat intake is required for weight loss or stability.  

• Studies included in this review were short to moderate in duration, and individuals with greater 
adherence to the plant-based dietary pattern experienced better body weight outcomes. 

• Additional research is needed to quantify the amounts of food groups that are beneficial to consume, 
but, in general, movement to a dietary pattern with more plant foods and less meat is favorable related 
to body weight status.   

 
Limitations 
• Five of the seven studies included in this review assessed dietary intake using FFQs. 

Additionally, one study assessed dietary patterns by using a simple series of questions. These 
dietary assessment methodologies have measurement error and also prevent sufficient 
quantification of dietary intake.  

• The studies did not consistently consider or report calorie intake and/or energy expenditure, 
which are important to consider when examining body weight status. 
 

Research Recommendations 
• Additional research is needed to specify dietary patterns, particularly the quantity of different 

food and beverages that should be consumed.  
• Studies, particularly randomized controlled trials, are needed that include several dietary 

patterns so that dietary patterns can be compared within, in addition to between, studies to 
determine the optimal dietary pattern, or the consistent components across dietary patterns, 
that are most beneficial related to body weight status. 
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Factor or Cluster Analysis: Are prevailing patterns of diet behavior in a population, 
assessed using factor or cluster analysis, related to body weight or risk of obesity? 
 

Conclusion Statement 
Limited and inconsistent evidence from epidemiological studies examining dietary patterns 
derived using factor or cluster analysis in adults found that consumption of a dietary pattern 
characterized by vegetables, fruits, whole grains, and reduced-fat dairy products tends to be 
associated with more favorable body weight status over time than consumption of a dietary pattern 
characterized by red meat, processed meats, sugar-sweetened foods and drinks, and refined grains. 
 
Grade 
III – Limited 
 
Key Findings: 

• Cluster and factor analyses are data-driven approaches that describe the dietary patterns consumed by 
the study population. Variability in the studies included in this review, including populations 
considered, dietary assessment methods used, the number and type of food groupings included in the 
analyses, and the statistical techniques employed, made comparisons among studies challenging. 

• The number of patterns identified in the studies ranged from 2 to 6 and some similarities emerged 
among them. The patterns were not consistently defined by specific foods, but rather by a range of 
foods with overlap among the patterns. What differentiated the patterns was the amount or frequency 
of each food consumed.  

• Dietary patterns that emerged in factor or cluster analysis that were associated with lower risk of 
obesity were characterized by the presence of vegetables, fruit, whole grains, and reduced-fat dairy. In 
adults, results pointed toward a more favorable weight status, lower weight/waist circumference (WC) 
gain, and lower body mass index (BMI) over time.  

• Dietary patterns derived from factor or cluster analysis associated with a higher risk of obesity were 
characterized by the presence of red meat and processed meats, sugar-sweetened foods and drinks, and 
refined grains. Results related to consumption of these patterns pointed toward increased body weight 
and waist circumference measures over time. 

• Ethnicity and socioeconomic status were often not reported or included in analyses. Insufficient 
evidence was available to support conclusions related to children and adolescents. 

 
Limitations  
• Factor and cluster analyses are data-driven approaches that describe the dietary patterns in a 

particular population. The studies describe preexisting dietary patterns within the population 
and the dietary patterns are not based on a hypothesized association to health. The patterns 
derived through analyses may not represent the most beneficial or detrimental patterns 
relative to the health outcome of interest.  

• Among the studies reviewed, the dietary pattern analyses varied with regard to the dietary 
assessment methods, the number and type of food groupings, and the statistical analysis 
techniques, which make comparisons challenging.   

• In factor and cluster analysis, the consolidation of food items into food groups, the number of 
factors or clusters to extract, and even the labeling of components are subjective. 
Furthermore, patterns derived from either factor or cluster analysis may not be reproducible 
across studies because elements of dietary patterns and analytic decisions differ.  
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• Dietary pattern analysis using factor or cluster methods may not be very informative in 
determining which elements of the diet or which biological relationships between these 
elements are responsible for the health outcome. 

• Some studies completed over long periods of time did not account for changes to subjects’ 
diets or seasonal variations in food supplies, which may have influenced the food components 
of patterns. 

• One study analyzed the dietary patterns of pre-pubescent children transitioning into 
adolescence. In general, the results show that patterns vary widely at this age and caution 
should be observed when analyzing these data because the diet of children changes rapidly, as 
well as their weight.  

 
Research Recommendations 

• Insufficient evidence was available in population subgroups to examine the relationship 
between dietary patterns derived using factor and cluster analyses and body weight status. 
Future studies using this methodology should examine variables such as ethnicity, SES, sex, 
baseline weight status, and age. In addition, it is important to incorporate environmental and 
behavioral factors, such as physical activity, non-leisure physical activity, eating practices 
(eating out, cooking at home), indulgence over the weekend, among others, as potential 
confounders These variables may be moderators that in the long term will define the 
association between a particular pattern and weight status. There is a need for more research 
into specific ethnic groups and how cultural practices may influence dietary patterns and their 
repercussions for body weight. 

• Research is needed to further examine if various dietary patterns influence body weight status 
differently among participants who are normal weight, overweight, or obese. There is some 
indication that obese versus normal weight individuals respond differently to changes of food 
patterns on body weight measures. Research in this area may help uncover better approaches 
to body weight management practices. 

• There is a need to examine the most common unhealthy/western pattern components, 
variations, and amounts of food consumed by those who have such a diet. Rationale: If a pre-
existing pattern is found to be detrimental to health, there is an impetus for dietary pattern 
modification.   

 
 
Reduced Rank Regression: What is the relationship between adherence to dietary 
guidelines/recommendations or specific dietary patterns, assessed using reduced rank 
regression analysis, and measures of body weight or obesity? 
 

Conclusion Statement 
There were a number of methodological differences among the studies examining the relationship 
between dietary patterns derived using reduced rank regression and body weight status. The 
disparate nature of these studies made it difficult to compare results, and therefore, no conclusions 
were drawn. 
 
Grade 
Not Assignable (IV)   
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Key Findings: 
• Six positive quality prospective cohort studies that used reduced rank regression to examine 

the relationship between dietary patterns and body weight status were included in this review. 
However, differences in methodologies used and populations studied prevented comparison 
across studies, and conclusions could not be drawn. 

• Further research is needed to examine dietary patterns and body weight status using reduced 
rank regression, preferably with standardized methods and response variables. 

 
Limitations of the Evidence 

Methodological Differences 
• Each study used different response variables in the reduced rank regression analyses. Two 

studies used biomarkers as response variables. Noh (2011) used change in BMI, percent body 
fat, bone mineral content, and bone mineral density as response variables, and Wosje (2010) 
included fat and bone mass as response variables. Four studies used nutrients as response 
variables: Ambrosini (2012) and Johnson (2008) used dietary energy density, fiber density, 
and percent of energy as fat; Schulze (2005) used total fat, carbohydrate, and fiber; and 
Sherafat-Kazemzadeh (2010) used fat, PUFA:SFA, calcium, cholesterol, and fiber. In reduced 
rank regression, the dietary patterns identified are those that explain the most variation in the 
response variables chosen. Therefore, because the studies included in this review used 
different response variables, the dietary patterns derived may not be comparable. 

• Different weight-related outcomes were examined across the studies. The most common 
outcomes considered were body mass index (Ambrosini, 2012; Johnson, 2008; Noh, 2011; 
Sherafat-Kazemzadeh, 2010) and fat mass or percentage (Ambrosini, 2012; Johnson, 2008; 
Noh, 2011; Wosje, 2010). Two studies examined incidence of overweight or obesity and 
excess adiposity (Ambrosini, 2012; Johnson, 2008). Only one study examined waist 
circumference (Serafat-Kazemzadeh, 2010). This variability made it difficult to identify 
themes within this body of evidence. 

• Dietary assessment methods were different across the studies. Of the six studies, three used 
diet records (Ambrosini, 2012; Johnson, 2008; Wosje, 2010), one used 24-hour recalls 
(Sherafat-Kazemzadeh, 2010), another used a 24-hour recall and a diet record (Noh, 2011), 
and one used an FFQ (Schulz, 2005). It is unclear what impacts different dietary assessment 
methods have on the derivation of dietary patterns using reduced rank regression. 

• The studies were not consistent in their use of confounders in analyses. In particular, physical 
activity was not included as a confounder in the analyses by Johnson (2008) or Noh (2011).  

 
Population Differences 
• Each study was conducted in a different country (United States, Korea, United Kingdom, Iran, 

and Germany) and represented populations in different regions of the world, which prevented 
the ability to compare and interpret the results. 

• The studies were conducted with different age groups, four with children (Ambrosini, 2012; 
Johnson, 2008; Noh, 2011; Wosje, 2010) and two with adults (Schulz, 2005; Sherafat-
Kazemzadeh, 2010). Even among the studies with children, the age groups were significantly 
different.   
 

Research Recommendations 
More research using reduced rank regression should be conducted. Additionally, standardization 
in methodology, particularly in response variables used, is needed.  
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Dietary Patterns and Risk of Type 2 Diabetes 
 
Index Analysis: What is the relationship between adherence to dietary guidelines/ 
recommendations or specific dietary patterns, assessed using an index or score, and 
risk of type 2 diabetes?  
 

Conclusion Statement 
There is limited evidence that adherence to a dietary pattern rich in fruits, vegetables, legumes, 
cereals/whole grains, nuts, fish, and unsaturated oils, and low in meat and red meat and high-fat 
dairy, assessed using an index or score, is associated with decreased risk of type 2 diabetes. 
 
Grade 
III – Limited  
 
Key Findings:  
• Among  included studies there was variation in the types of indices or scores used, without a 

preponderance of studies with any one index related to either risk of type 2 diabetes or fasting 
blood glucose and insulin resistance, making it difficult to draw overarching conclusions 
related to a specific dietary pattern. 

• The different scores showed varied predictability of incident type 2 diabetes:  
o In European populations, adherence to the MDS was associated with reduced incidence 

of type 2 diabetes. Additionally, among women in a U.S. cohort, the AHEI had similar 
relationships. 

o For other scores considered, such as the Total Diet Score, German Food Pyramid Index, 
DQI-2005, as well as the MDS in a U.S. population, there was no relationship between 
diet quality and incidence of type 2 diabetes.  

o One study assessing the DASH score in a U.S. population showed an association in 
Whites but not in Blacks. A second study showed no association between DQI-2005 and 
T2D incidence in Black or White young adults.  

• The different scores showed varied association with glucose tolerance and/or insulin 
resistance: 
o For impaired fasting glucose or insulin resistance, there was some agreement with the 

MDS and MSDPS being protective for the measures examined. 
o There were mixed findings for Total Diet Score, DQI-2005, and an authors’ a priori 

score. For the mixed results, the findings differed by sex, type of intermediate outcome 
examined, and race/ethnicity. 

 
Limitations of the Evidence 
For several of the studied indices, there was only one analysis, including for the Total Diet Score, 
German Food Pyramid Index, DQI-2005, AHEI, and DASH. Mediterranean-style scores were the 
only dietary pattern measures/indices used in more than one study. It was a challenge to compare 
results across the studies because some of the scores were not validated and used different diet 
assessment tools. Furthermore, the number of study participants and number of type 2 diabetes 
cases varied widely. Additionally, sample size was cited by authors who examined racial/ethnic 
subgroups as a potential limitation in their ability to detect significant associations related to 
incident T2D in the MESA, CARDIA, and IRAS cohorts. 
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Research Recommendations 
Overall, there is a need for more coordinated studies involving multiple U.S. cohorts, all of which 
examine the same scores or indices assessed in a standardized way. In addition, more analysis of 
key subpopulation groups, with sufficient sample sizes, would further inform policy in this area. 

 
Factor or Cluster Analysis: Are prevailing patterns of diet behavior in a population, 
assessed using factor or cluster analysis, related to risk of type 2 diabetes? 
 

Conclusion Statement 
Limited and inconsistent evidence from epidemiological studies indicates that in adults, dietary 
patterns derived using factor or cluster analysis, characterized by vegetables, fruits, and low-fat 
dairy products tend to have an association with decreased risk of type 2 diabetes and those patterns 
characterized by red meat, sugar-sweetened foods and drinks, French fries, refined grains, and 
high-fat dairy products tended to show an increased association for risk of type 2 diabetes. Among 
studies, there was substantial variation in food group components and not all studies with similar 
patterns showed significant association. 
 
Grade 
III– Limited 
 
Key Findings 
• Cluster and factor analyses are data-driven approaches that describe the dietary patterns 

consumed by the study population. High variability in the studies included in this review, 
including populations, case number, sample size, dietary assessment techniques, methods 
used to define and retain factors and clusters, confounders considered and the statistical 
analysis employed, made comparisons among studies challenging. 

• Studies focused on intermediate outcomes were too few and too diverse in methodology to 
draw a conclusion.  
 

Limitations of the Evidence 
• Variation in methodology used to derive and analyze dietary patterns (e.g., factor versus 

cluster analysis, subjective decisions regarding groupings of foods, number of patterns 
retained and naming conventions, population characteristics, sample size, and case numbers) 
make the analysis challenging. Even factors with the same naming convention (e.g., 
“vegetable” or “prudent”) included somewhat different foods or groups of foods.  

• Patterns derived from either factor or cluster analysis may not be reproducible because of 
variations in populations, sample sizes, dietary assessment methods, and decisions made to 
define food variables used in factor and cluster analysis, and factors and clusters differ across 
studies.  

• Differences in the statistical analysis approaches used to derive and retain factors and clusters 
influences power and the ability to detect an association. 

• Patterns derived from factor analysis and cluster analyses were analyzed differently. In factor 
analysis, “high” scores were generally compared with “low” scores of the same pattern, 
though it was not clear what characteristic differences there were in a “high” versus “low” 
score factor. In cluster analysis, one cluster was compared with another one, making it 
difficult to interpret results together.  
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• Dietary patterns with significant association should not be construed as the best or worst 
possible diet associated with diabetes risk. 

• Most longitudinal studies included only baseline measure of dietary intake and did not 
account for changes in subject’s diets, availability, and variations in the food supply, which 
may have influenced the food components of patterns. Food frequency questionnaires may not 
accurately capture important elements of the diet.  

 
Research Recommendations 
• Evaluate and standardize methods used to assess, organize, aggregate, and adjust food 

variables to facilitate interpretation of findings across studies. 
• Additional research is needed to examine if and how gender, age, SES, and ethnicity might 

influence the relationship between dietary patterns and risk for T2D. 
• Consider important confounders that may modify or explain the association between dietary 

intake and T2D, for example weight change. 
 
Other Methods: What is the relationship between adherence to dietary guidelines/ 
recommendations or specific dietary patterns, assessed using methods other than 
index/score, cluster or factor, or reduced rank regression analyses, and risk of type 2 
diabetes? 
 

Conclusion Statement 
There is insufficient evidence on a relationship between adherence to a Mediterranean-style or 
vegetarian diet pattern and incidence of type 2 diabetes. There is limited, inconsistent evidence 
that adherence to a Mediterranean-style, DASH or modified DASH, or Nordic dietary pattern 
results in improved glucose tolerance and insulin resistance. 

 
Grade 

  IV-Not Assignable – Incidence of type 2 diabetes; III-Limited-Glucose tolerance and insulin resistance 

 
Key Findings:  
• Four types of dietary patterns were identified using other methods of assessing dietary 

exposure related to type 2 diabetes risk: (1) a Mediterranean-style pattern, (2) a DASH or 
modified DASH pattern, (3) a vegetarian pattern, and (4) a Nordic pattern. 

• Overall, there were too few articles and the dietary patterns and study characteristics were too 
varied to compare across studies.  

• A favorable association was found in a Mediterranean-style diet combined with olive oil 
and/or nuts, and in a vegetarian diet compared to a non-vegetarian diet with incidence of type 
2 diabetes higher in Black versus non-Blacks. 

• Five out of eight studies were conducted outside of the United States with only three out of 
eight articles reporting race/ethnicity and, of those, only one study reported results based on 
race/ethnicity.  

• Limitations of the studies include:  
o All of the randomized controlled trials (RCTs) included different at-risk populations.  
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o Too few articles examined a relationship between dietary patterns and the endpoint 
outcome of incident type 2 diabetes to draw a conclusion, although the two patterns 
studied (one Mediterranean-style and one vegetarian) showed a favorable effect.  

o Too few articles assessed the intermediate outcomes of impaired glucose tolerance and/or 
insulin resistance. The results related to impaired glucose tolerance and/or insulin 
resistance were too mixed to identify a consistent pattern. 

o It is difficult to assess food components, as there were too few studies across several 
different patterns that were operationalized differently.  

 
Limitations of the Evidence 
It is difficult to synthesize the results from the studies in this review because there were too few 
studies and they examined different dietary patterns or patterns that were operationalized 
differently. The studies included a predominantly Caucasian population with varied baseline 
health status. 
 
Research Recommendations 

Overall, there is a need for additional research RCTs and observational studies conducted in the 
United States on risk of type 2 diabetes that address the key dietary patterns in a standardized way. 
In addition, more analysis of key subpopulation groups would further inform policy in this area. 

 
Reduced Rank Regression: What is the relationship between adherence to dietary 
guidelines/recommendations or specific dietary patterns, assessed using reduced rank 
regression analysis, and risk of type 2 diabetes? 
 

Conclusion Statement 
There is insufficient evidence, due to a small number of studies, to examine the relationship 
between dietary patterns derived using reduced rank regression and risk of type 2 diabetes. The 
differences in the methods used and populations studied made it difficult to compare results, and 
therefore no conclusions were drawn. 
 
Grade 
IV – Not Assignable 
 
Key Findings: 
The three positive quality prospective cohort studies included in this review used reduced rank 
regression (see appendix A) analysis to examine the relationship between dietary patterns and the 
risk of type 2 diabetes (T2D). Comparison across studies was limited by the small number of 
studies, differences in methodology, and in the populations studied. Therefore, no conclusions 
were drawn. 

 
Limitations of the Evidence 

Methodological Differences: 
• All of the studies used different types of biomarkers as response variables, such as PAI-1 and 

fibrinogen; HOMA-IR index; and BMI, fasting glucose, TG, HDL, and hypertension, making 
it difficult to make comparisons across these studies.  
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• The dietary patterns described in each of these studies were directly linked to the response 
variables selected; therefore, the variation in the response variables used suggest that the 
resulting dietary patterns may not be comparable. 

• There were variations in dietary assessment methods used to assess dietary intake, as well as 
the food groupings used in the analyses across the studies. For example, Liese (2009) used a 
114-item validated semi-quantitative FFQ, created 33 food groups on the basis of similarities 
in food and nutrient composition, and queried alcoholic beverages separately. McNaughton 
(2008) used a 127-item validated FFQ and the food and beverage items were aggregated into 
71 groups on the basis of nutrient content, cooking, and preparation methods. Imamura (2009) 
used a 126-item validated semi-quantitative FFQ (FOS) and used food groupings from 
previous studies to each RRR-derived dietary pattern and applied to the FOS data to create 
three different sets of food groups used in their analyses. These methodological differences 
make it difficult to compare the resulting dietary patterns across studies and to determine how 
these differences may have contributed to differences in relationships between the patterns 
and type 2 diabetes risks. 

• The studies were not consistent in their use of confounders in the analyses. For example, as 
compared to McNaughton (2008), alcohol intake was not included as a confounder in the 
analyses by Liese (2009), and alcohol, BMI, and smoking status were not included as 
confounders by Imamura (2009). 

 
Population Differences: 
Two of the studies were conducted in the United States and one in the United Kingdom and 
represented populations in different regions of the world, which limited the ability to compare and 
interpret the results due to potential differences in dietary patterns between these regions. 
 
Research Recommendations 

More research using reduced rank regression analyses should be conducted to investigate the 
relationship between dietary patterns and type 2 diabetes, particularly among U.S.-based 
populations, and including both intermediate outcomes (glucose intolerance, insulin resistance), as 
well as incidence of disease. Additionally, standardization in methodology, such as response 
variables and food groupings used, are also needed.  
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Appendix J: Conclusion Statement Summary Table 

 
  

Systematic Review Question 
Systematic 

Review 
Question 

Outcome Conclusion Statement Grade  Research 
Design 

     
RCT Cohort 

What is the relationship between 
adherence to dietary guidelines/ 
recommendations or specific dietary 
patterns, assessed using an index or 
score, and risk of cardiovascular 
disease? 

Index/Score Cardiovascular 
Disease 

There is strong and consistent evidence that in healthy 
adults increased adherence to dietary patterns scoring high 
in fruits, vegetables, whole grains, nuts, legumes, 
unsaturated oils, low-fat dairy, poultry, and fish; low in red 
and processed meat, high-fat dairy, and sugar-sweetened 
foods and drinks; and moderate in alcohol is associated 
with decreased risk of fatal and non-fatal cardiovascular 
diseases, including coronary heart disease and stroke. 

I 3 52 

What is the relationship between 
adherence to dietary guidelines/ 
recommendations or specific dietary 
patterns, assessed using methods 
other than index/score, cluster or 
factor, or reduced rank regression 
analyses, and risk of cardiovascular 
disease? 

Other 
Methods 

Cardiovascular 
Disease 

There is strong and consistent evidence that consumption of 
a DASH diet results in reduced blood pressure in adults 
with above optimal blood pressure, up to and including 
stage 1 hypertension. A dietary pattern consistent with the 
DASH diet is rich in fruits, vegetables, low-fat dairy, fish, 
whole grains, fiber, potassium, and other minerals at 
recommended levels, and low in red and processed meat, 
sugar-sweetened foods and drinks, saturated fat, 
cholesterol, and sodium. There is limited evidence that 
adherence to vegetarian diets is associated with decreased 
death from ischemic heart disease, with the association 
being stronger in men than in women.  
 
 
 
 
 
 

I - DASH 
& Blood 
Pressure 

 
III – 

Vegetarian 
& 

Ischemic 
Heart 

Disease 

8 trials  
(14 

articles) 

6 
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Systematic Review Question 
Systematic 

Review 
Question 

Outcome Conclusion Statement Grade Research 
Design 

     RCT Cohort 

Are prevailing patterns of dietary 
intake in a population, assessed 
using cluster or factor analyses, 
related to the risk of cardiovascular 
disease (CVD)?  

Factor/Cluster Cardiovascular 
Disease 

Limited evidence from epidemiological studies indicates 
that dietary patterns, assessed using cluster or factor 
analysis, characterized by vegetables, fruits, whole grains, 
fish, and low-fat dairy products are associated with 
decreased risk of cardiovascular disease in adults. Evidence 
of a relationship between dietary patterns characterized by 
red and processed meat, sugar-sweetened foods and drinks, 
and fried foods and an increased risk of cardiovascular 
disease is limited and less consistent. (Grade: III-Limited). 

III 0 22 

What combinations of food intake, 
assessed using reduced rank 
regression, explain the most 
variation in risk of cardiovascular 
disease? 

Reduced Rank 
Regression 

Cardiovascular 
Disease 

Insufficient evidence, due to a small number of studies, was 
available to examine the relationship between dietary 
patterns derived using reduced rank regression and risk of 
cardiovascular disease. The disparate nature of the methods 
used made it difficult to compare results, and therefore, no 
conclusions were drawn. 

IV 0 4 

              
What is the relationship between 
adherence to dietary guidelines/ 
recommendations or specific dietary 
patterns, assessed using an index or 
score, and measures of body weight 
or obesity? 

Index/Score Body Weight/ 
Obesity 

There is moderate evidence that, in adults, increased 
adherence to dietary patterns scoring high in fruits, 
vegetables, whole grains, legumes, unsaturated oils, and 
fish; low in total meat, saturated fat, cholesterol, sugar-
sweetened foods and drinks, and sodium; and moderate in 
dairy products and alcohol is associated with more 
favorable outcomes related to body weight or risk of 
obesity, with some reports of variation based on gender, 
race, or body weight status.  

II 2 12 

What is the relationship between 
adherence to dietary guidelines/ 
recommendations or specific dietary 
patterns, assessed using methods 
other than index/score, cluster or 
factor, or reduced rank regression 
analyses, and body weight status? 

Other 
Methods 

Body Weight/ 
Obesity 

There is moderate evidence that adherence to a dietary 
pattern that emphasizes vegetables, fruits, and whole grains 
is associated with modest benefits in preventing weight gain 
or promoting weight loss in adults. 

II 4 3 
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Systematic Review Questions 
Systematic 

Review 
Question 

Outcome Conclusion Statement Grade Research 
Design 

    
 RCT Cohort 

Are prevailing patterns of dietary 
intake in a population, assessed 
using cluster or factor analyses, 
related to the risk of obesity?  

Factor/Cluster Body Weight/ 
Obesity 

Limited and inconsistent evidence from epidemiological 
studies examining dietary patterns derived using factor or 
cluster analysis in adults found that consumption of a 
dietary pattern characterized by vegetables, fruits, whole 
grains, and reduced-fat dairy products tends to be 
associated with more favorable body weight status over 
time than consumption of a dietary pattern characterized by 
red meat, processed meats, sugar-sweetened foods and 
drinks, and refined grains.  

III   11 

What combinations of food intake, 
assessed using reduced rank 
regression, explain the most 
variation in risk of obesity? 

Reduced Rank 
Regression 

Body Weight/ 
Obesity 

There are a number of methodological differences among 
the studies examining the relationship between dietary 
patterns derived using reduced rank regression and body 
weight status. The disparate nature of these studies made it 
difficult to compare results, and therefore, no conclusions 
were drawn.  

IV 0 6 

              
What is the relationship between 
adherence to dietary guidelines/ 
recommendations or specific dietary 
patterns, assessed using an index or 
score, and risk of type 2 diabetes? 

Index/Score Type 2 
Diabetes 

There is limited evidence that adherence to a dietary pattern 
rich in fruits, vegetables, legumes, cereals/whole grains, 
nuts, fish, and unsaturated oils, and low in meat, and high 
fat dairy, assessed using an index or score, is associated 
with decreased risk of type 2 diabetes.  

III 2 9 

Are prevailing patterns of dietary 
intake in a population, derived using 
cluster or factor analysis, related to 
the risk of type 2 diabetes?  

Factor/Cluster Type 2 
Diabetes 

Limited and inconsistent evidence from epidemiological 
studies indicates that in adults, dietary patterns derived 
using factor or cluster analysis, characterized by vegetables, 
fruits, and low-fat dairy products tend to have an 
association with decreased risk of type 2 diabetes and those 
patterns characterized by red meat, sugar-sweetened foods 
and drinks, French fries, refined grains, and high-fat dairy 
products tended to show an increased association for risk of 
type 2 diabetes. Among studies, there was substantial 
variation in food group components and not all studies with 
similar patterns showed significant association.  

III   15 



 
Dietary Patterns      4 

 
 

Systematic Review Questions 
Systematic 

Review 
Question 

Outcome Conclusion Statement Grade Research 
Design 

     RCT Cohort 

What is the relationship between 
adherence to dietary guidelines/ 
recommendations or specific dietary 
patterns, assessed using methods 
other than index/score, cluster or 
factor, or reduced rank regression 
analyses, and risk of type 2 diabetes? 

Other 
Methods 

Type 2 
Diabetes 

There is insufficient evidence on a relationship between 
adherence to a Mediterranean-style or vegetarian diet 
pattern and incidence of type 2 diabetes. There is limited, 
inconsistent evidence that adherence to a Mediterranean-
style, DASH or modified DASH, or Nordic dietary pattern 
results in improved glucose tolerance and insulin resistance. 

IV - T2D 
 

III - 
Gluocse 
tolerance 

and insulin 
resistance 

6 trials  
(7 

articles) 

1 

What combinations of food intake, 
assessed using reduced rank 
regression, explain the most 
variation in risk of type 2 diabetes? 

Reduced Rank 
Regression 

Type 2 
Diabetes 

There is insufficient evidence, due to a small number of 
studies, to examine the relationship between dietary 
patterns derived using reduced rank regression and risk of 
type 2 diabetes. The differences in the methods used and 
populations studied made it difficult to compare results, and 
therefore, no conclusions were drawn.  

IV 0 3 
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