
Frequency of Eating and 
Cardiovascular Disease: 
A Systematic Review 

Steven Heymsfield, MD,a Carol Boushey, PhD, MPH, RD,b Heather Leidy, 

PhD,c Richard Mattes, PhD, MPH, RD,d Ronald Kleinman, MD,e Emily 

Callahan, MS,f Gisela Butera, MLIS, MEd,g Nancy Terry, MS, MLS,h Julie 

Obbagy, PhD, RDi  

a Chair, Frequency of Eating Subcommittee, 2020 Dietary Guidelines Advisory Committee; Louisiana State University, Pennington Biomedical Research 

Center 

b Member, Frequency of Eating Subcommittee, 2020 Dietary Guidelines Advisory Committee; University of Hawaii 

c Member, Frequency of Eating Subcommittee, 2020 Dietary Guidelines Advisory Committee; University of Texas at Austin 

d Member, Frequency of Eating Subcommittee, 2020 Dietary Guidelines Advisory Committee; Purdue University 

e Vice-Chair, 2020 Dietary Guidelines Advisory Committee; Massachusetts General Hospital, Harvard Medical School 
f Systematic review analyst, Nutrition Evidence Systematic Review (NESR) team; Nutrition Guidance and Analysis Division (NGAD), Center for Nutrition 

Policy and Promotion (CNPP), Food and Nutrition Service (FNS), U.S. Department of Agriculture (USDA) 

g Systematic review librarian, NESR team; Panum Group under contract with the FNS, USDA 
h Biomedical librarian, NESR team; National Institutes of Health Library, U.S. Department of Health and Human Services 

i Project Lead, NESR team; NGAD, CNPP, FNS, USDA 



Suggested citation: Heymsfield S, Boushey C, Leidy H, Mattes R, Kleinman R, Callahan E, Butera G, Terry N, Obbagy J. Frequency 

of Eating and Cardiovascular Disease: A Systematic Review. July 2020. U.S. Department of Agriculture, Food and Nutrition Service, 

Center for Nutrition Policy and Promotion, Nutrition Evidence Systematic Review. Available at: 

https://doi.org/10.52570/NESR.DGAC2020.SR0602. 

Related citation: Dietary Guidelines Advisory Committee. Scientific Report of the 2020 Dietary Guidelines Advisory Committee: 

Advisory Report to the Secretary of Agriculture and the Secretary of Health and Human Services. July 2020. U.S. Department of 

Agriculture, Agricultural Research Service. Available at: https://doi.org/10.52570/DGAC2020. 

The contents of this document may be used and reprinted without permission. Endorsements by NESR, NGAD, CNPP, FNS, or USDA 

of derivative products developed from this work may not be stated or implied.  

In accordance with Federal civil rights law and U.S. Department of Agriculture (USDA) civil rights regulations and policies, the USDA, its 

Agencies, offices, and employees, and institutions participating in or administering USDA programs are prohibited from discriminating 

based on race, color, national origin, religion, sex, gender identity (including gender expression), sexual orientation, disability, age, 

marital status, family/parental status, income derived from a public assistance program, political beliefs, or reprisal or retaliation for prior 

civil rights activity, in any program or activity conducted or funded by USDA (not all bases apply to all programs). Remedies and 

complaint filing deadlines vary by program or incident. 

Persons using assistive technology should be able to access information in this report. For further assistance please email 

SM.FN.NESR@USDA.gov.  

Persons with disabilities who require alternative means of communication for program information (e.g., Braille, large print, audiotape, 

American Sign Language, etc.) should contact the responsible Agency or USDA's TARGET Center at (202) 720-2600 (voice and TTY) 

or contact USDA through the Federal Relay Service at (800) 877-8339. Additionally, program information may be made available in 

languages other than English. 

To file a program discrimination complaint, complete the USDA Program Discrimination Complaint Form, AD-3027, found online at How 

to File a Program Discrimination Complaint and at any USDA office or write a letter addressed to USDA and provide in the letter all of 

the information requested in the form. To request a copy of the complaint form, call (866) 632-9992. Submit your completed form or 

letter to USDA by:  

(1) mail: U.S. Department of Agriculture, Office of the Assistant Secretary for Civil Rights, 1400 Independence Avenue, SW,

Washington, D.C. 20250-9410;

(2) fax: (202) 690-7442; or

(3) email: program.intake@usda.gov.

USDA is an equal opportunity provider, employer, and lender. 

mailto:SM.FN.NESR@USDA.gov
https://www.usda.gov/oascr/how-to-file-a-program-discrimination-complaint
https://www.usda.gov/oascr/how-to-file-a-program-discrimination-complaint
mailto:program.intake@usda.gov


3 

ACKNOWLEDGEMENTS 

Frequency of Eating Subcommittee: 
• Steven Heymsfield, MD, Louisiana State University, Pennington Biomedical

Research Center, Subcommittee Chair
• Carol Boushey, PhD, MPH, RD, University of Hawaii
• Heather Leidy, PhD, University of Texas at Austin
• Richard Mattes, PhD, MPH, RD, Purdue University
• Ronald Kleinman, MD, Massachusetts General Hospital, Harvard Medical

School, Vice-Chair of the 2020 Dietary Guidelines Advisory Committee
Nutrition Evidence Systematic Review (NESR) Team: 

• Emily Callahan, MS, Analyst,  Nutrition Guidance and Analysis Division
(NGAD), Center for Nutrition Policy and Promotion (CNPP), Food and Nutrition
Service (FNS), U.S. Department of Agriculture (USDA)

• Gisela Butera, MLIS, MEd, Systematic Review Librarian, Panum Group0F

i

• Nancy Terry, MLS, Biomedical Librarian, National Institutes of Health (NIH)
Library, U.S. Department of Health and Human Services (HHS)

• Julie Obbagy, PhD, RD, Project Lead, NGAD, CNPP, FNS, USDA
Federal Liaisons: 

• Ashley Vargas, PhD, MPH, RDN, FAND, Eunice Kennedy Shriver National
Institute of Child Health and Human Development, NIH, HHS

• Meghan Adler, MS, RD, FAND, NGAD, CNPP, FNS, USDA
• Rebecca MacIsaac, MS, RD, Division of Prevention Science (DPS), Office of

Disease Prevention and Health Promotion (ODPHP), Office of the Assistant
Secretary for Health (OASH), HHS

• Julia Quam, MSPH, RDN, DPS, ODPHP, OASH, HHS
Project Leadership: 

• Eve Stoody, PhD, Designated Federal Officer and Director, NGAD, CNPP, FNS,
USDA

• Janet de Jesus, MS, RD, Nutrition Advisor, ODPHP, OASH, HHS
• Colette Rihane, MS, RD, Director, NGAD, CNPP, FNS, USDA (through October

2019)

USDA and HHS implemented a process to identify topics and scientific questions to be 
examined by the 2020 Dietary Guidelines Advisory Committee. The Committee 
conducted its review of evidence in subcommittees for discussion by the full 
Committee during its public meetings. The role of the Committee members involved 
establishing all aspects of the protocol, which presented the plan for how they would 
examine the scientific evidence, including the inclusion and exclusion criteria; 
reviewing all studies that met the criteria they set; deliberating on the body of evidence 

i Under contract with the Food and Nutrition Service, United States Department of 
Agriculture. 



4 

for each question; and writing and grading the conclusion statements to be included in 
the scientific report the 2020 Committee submitted to USDA and HHS. The NESR 
team with assistance from Federal Liaisons and Project Leadership, supported the 
Committee by facilitating, executing, and documenting the work necessary to ensure 
the reviews were completed in accordance with NESR methodology. More information 
about the 2020 Dietary Guidelines Advisory Committee, including the process used to 
identify topics and questions, can be found at www.DietaryGuidelines.gov. More 
information about NESR can be found at NESR.usda.gov.  
The Committee and NESR staff thank USDA’s Agricultural Research Service for 
coordinating the peer review of this systematic review, and the Federal scientist peer 
reviewers for their time and expertise. 

FUNDING SOURCE: United States Department of Agriculture, Food and Nutrition 
Service, Center for Nutrition Policy and Promotion, Alexandria, VA  

https://www.dietaryguidelines.gov/
https://nesr.usda.gov/


 

5  

TABLE OF CONTENTS 

Acknowledgements .............................................................................................................. 3 

Table of contents ................................................................................................................. 5 

Introduction .......................................................................................................................... 6 

What is the relationship between the frequency of eating and risk of cardiovascular 
disease? .............................................................................................................................. 8 

Plain language summary .................................................................................................. 8 

Technical abstract ............................................................................................................ 9 

Full review ...................................................................................................................... 11 

Systematic review question ........................................................................................ 11 

Conclusion statement and grade ................................................................................ 11 

Summary of the evidence ........................................................................................... 11 

Description of the evidence ........................................................................................ 11 

Evidence synthesis ..................................................................................................... 12 

Research recommendations ....................................................................................... 12 

Included articles .......................................................................................................... 13 

Methodology ...................................................................................................................... 17 

Analytic framework ......................................................................................................... 17 

Literature search and screening plan ............................................................................. 19 

Inclusion and exclusion criteria ................................................................................... 19 

Electronic databases and search terms ...................................................................... 22 

Literature search and screening results ......................................................................... 27 

Excluded articles ........................................................................................................ 29 

 
Table 1. Description of studies included in the systematic review to examine the 
relationship between frequency of eating and cardiovascular disease .............................. 14 
Table 2. Risk of bias for observational studies examining the frequency of eating and 
cardiovascular disease, ...................................................................................................... 16 
Table 3. Inclusion and exclusion criteria ............................................................................ 19 
Table 4. Articles excluded after full text screening with rationale for exclusion .................. 29 

 
Figure 1: Analytic framework ............................................................................................. 18 
Figure 2: Flow chart of literature search and screening results.......................................... 28 

 

  



 

6  

INTRODUCTION  

 
This document describes a systematic review conducted to answer the following question: 
What is the relationship between the frequency of eating and cardiovascular disease? This 
systematic review was conducted by the 2020 Dietary Guidelines Advisory Committee, 
supported by USDA’s Nutrition Evidence Systematic Review (NESR).  
 
More information about the 2020 Dietary Guidelines Advisory Committee is available at the 
following website: www.DietaryGuidelines.gov.  
 
NESR specializes in conducting food- and nutrition-related systematic reviews using a 
rigorous, protocol-driven methodology. More information about NESR is available at the 
following website: NESR.usda.gov.   
 
NESR’s systematic review methodology involves developing a protocol, searching for and 
selecting studies, extracting data from and assessing the risk of bias of each included 
study, synthesizing the evidence, developing conclusion statements, grading the evidence 
underlying the conclusion statements, and recommending future research. A detailed 
description of the systematic reviews conducted for the 2020 Dietary Guidelines Advisory 
Committee, including information about methodology, is available on the NESR website: 
https://nesr.usda.gov/2020-dietary-guidelines-advisory-committee-systematic-reviews. In 
addition, starting on page 17, this document describes the final protocol as it was applied 
in the systematic review. A description of and rationale for modifications made to the 
protocol are described in the 2020 Dietary Guidelines Advisory Committee Report, Part D: 
Chapter 13. Frequency of Eating. 
 
 

 
  

http://www.dietaryguidelines.gov/
https://nesr.usda.gov/
https://nesr.usda.gov/2020-dietary-guidelines-advisory-committee-systematic-reviews
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WHAT IS THE RELATIONSHIP BETWEEN THE FREQUENCY OF EATING 
AND RISK OF CARDIOVASCULAR DISEASE? 

PLAIN LANGUAGE SUMMARY 

What is the question? 
• The question is: What is the relationship between the frequency of eating and risk 

of cardiovascular disease? 
What is the answer to the question? 

• Insufficient evidence is available to determine the relationship between the 
frequency of eating and cardiovascular disease. 

Why was this question asked? 
• This important public health question was identified by the U.S. Departments of 

Agriculture (USDA) and Health and Human Services (HHS) to be examined by the 
2020 Dietary Guidelines Advisory Committee. 

How was this question answered? 
• The 2020 Dietary Guidelines Advisory Committee, Frequency of Eating 

Subcommittee conducted a systematic review to answer this question with support 
from the Nutrition Evidence Systematic Review (NESR) team. 

• Frequency of eating was defined as the number of daily eating occasions. 
What is the population of interest?  

• The population of interest was generally healthy children through older adults (ages 
2 and older).  

What evidence was found?  
• This review identified 2 articles that met the inclusion criteria.  
• Inconsistent results from 2 prospective cohort studies with critical limitations, were 

insufficient to draw conclusions.  
How up-to-date is this systematic review? 

• This review searched for studies from January 2000 to September 2019. 
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TECHNICAL ABSTRACT   

Background  
• This important public health question was identified by the U.S. Departments of 

Agriculture (USDA) and Health and Human Services (HHS) to be examined by the 
2020 Dietary Guidelines Advisory Committee. 

• The 2020 Dietary Guidelines Advisory Committee, Frequency of Eating 
Subcommittee conducted a systematic review to answer this question with support 
from the Nutrition Evidence Systematic Review (NESR) team. 

• The goal of this systematic review was to examine the following question: What is 
the relationship between the frequency of eating and risk of cardiovascular disease? 

Conclusion statement and grade 
• Insufficient evidence is available to determine the relationship between the 

frequency of eating and cardiovascular disease. (Grade: Grade not assignable) 
Methods  

• Literature search was conducted using 4 databases (PubMed, Cochrane, Embase, 
and CINAHL) to identify articles that evaluated an intervention or exposure of the 
frequency of eating and the outcome of cardiovascular disease. A manual search 
was also conducted to identify articles that may not have been included in the 
electronic databases searched. Articles were screened by two authors 
independently for inclusion based on pre-determined criteria.  

• Data extraction and risk of bias assessment were conducted for each included 
study, and both were checked for accuracy. The Committee qualitatively 
synthesized the body of evidence to inform development of a conclusion 
statement(s), and graded the strength of evidence using pre-established criteria for 
risk of bias, consistency, directness, precision, and generalizability. 

Summary of the evidence 
• This systematic review was undertaken to examine the relationship between the 

frequency of eating and cardiovascular disease.  
• This review identified 2 prospective cohort studies published between January, 

2000 and September, 2019 that met the inclusion criteria for this systematic review. 
• The studies were inconsistent in terms of how they defined and examined frequency 

of eating, the outcomes they examined, and in their reported results: 
o One included study reported that a higher eating frequency at baseline was 

associated with lower blood pressure after a 5-year follow-up.  
o One included study reported no association between eating frequency at 

baseline and risk of coronary heart disease after a 16-year follow-up. 
• Critical limitations were identified within the body of evidence: 

o Weak study designs were used to explore this question. 
o Eating frequency was measured only at baseline, leading to concern that 

changes in exposure status may have occurred over the follow-up time 
periods. 

o The amount of attrition was unknown. 
o The study showed several risks of bias. 
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o Inconsistent outcomes were included across studies with respect to relative 
risks and 95% confidence intervals for CHD, systolic blood pressure, diastolic 
blood pressure, and hypertension. 

o Water consumption was not explicitly mentioned in either included study. 
• Due to the small body of evidence with inconsistency in design and reported results 

and several limitations, the Committee determined that the evidence was insufficient 
to draw conclusions about the relationship between frequency of eating and 
cardiovascular disease.  
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FULL REVIEW 

Systematic review question 
What is the relationship between the frequency of eating and risk of cardiovascular 
disease? 

Conclusion statement and grade 
Insufficient evidence is available to determine the relationship between the frequency 
of eating and cardiovascular disease. (Grade: Grade not assignable) 

Summary of the evidence 
• This systematic review was undertaken to examine the relationship between the 

frequency of eating and cardiovascular disease.  
• This review identified 2 prospective cohort studies published between January, 

2000 and September, 2019 that met the inclusion criteria for this systematic 
review.1,2 

• The studies were inconsistent in terms of how they defined and examined 
frequency of eating, the outcomes they examined, and in their reported results: 

o One included study reported that a higher eating frequency at baseline 
was associated with lower blood pressure after a 5-year follow-up.  

o One included study reported no association between eating frequency at 
baseline and risk of coronary heart disease after a 16-year follow-up. 

• Critical limitations were identified within the body of evidence: 
o Weak study designs were used to explore this question. 
o Eating frequency was measured only at baseline, leading to concern that 

changes in exposure status may have occurred over the follow-up time 
periods. 

o The amount of attrition was unknown. 
o The study showed several risks of bias. 
o Inconsistent outcomes were included across studies with respect to 

relative risks and 95% confidence intervals for CHD, systolic blood 
pressure, diastolic blood pressure, and hypertension. 

o Water consumption was not explicitly mentioned in either included study. 
• Due to the small body of evidence with inconsistency in design and reported 

results and several limitations, the Committee determined that the evidence was 
insufficient to draw conclusions about the relationship between frequency of 
eating and cardiovascular disease. 

Description of the evidence 
This systematic review included 2 articles that addressed the relationship between the 
frequency of eating and cardiovascular disease, published between January 2000 and 
September 2019.1,2 Basic characteristics of the studies are shown in Table 1. The 
studies were both prospective cohort studies. One used data from the Health 
Professionals Follow-up Study conducted in the United States and one was conducted 
in Greece. 
Both studies were conducted in adults, one in an all-male, majority White population 
with an mean age of 58 years1 and the other study was 45% female with an average 
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age of 47.8 years in a Greek population.2 Average BMI was about 25 and 26 kg/m2 
and average habitual intakes were 3.5 and 5 eating occasions per day, respectively.1,2 
In Cahill et al,1 the authors looked at the frequency of eating occasions at baseline in 
relation to risk of coronary heart disease over a 16-year follow-up. In Karatzi et al,2 the 
authors assessed the relationship between frequency of eating occasions at baseline 
and systolic blood pressure, diastolic blood pressure, and risk of hypertension after 5 
years of follow-up.  

Evidence synthesis   
Cahill et al1 reported no association in males with a mean age of 58 years, between 
frequency of eating at baseline and risk of coronary heart disease over a 16-year 
follow-up. Karatzi et al2 reported an inverse association in adults between eating 
frequency at baseline and systolic and diastolic blood pressure changes, and risk of 
hypertension after a 5-year follow-up. Results are shown in Table 1. 
Both included studies had several limitations (Table 2). Both included studies had 
unknown attrition rates and did not account for missing data or loss to follow-up. In 
addition, while habitual eating frequency was assessed, it was only assessed once at 
baseline, leading to concerns that changes in exposure status could have occurred 
over the study follow-ups. Data collection methods assessing frequency of eating and 
the definitions used for eating occasions were inconsistent between the two studies. 
Cahill et al1 added a question to a food frequency questionnaire (FFQ) in which 
participants were asked to indicate if they ate at different times of the day anchored by 
meals (before breakfast, breakfast, between breakfast and lunch, lunch, between 
lunch and dinner, dinner, between dinner and bedtime, or after going to bed). This 
method was focused on eating and beverages were likely not considered in this 
assessment method. Karatzi et al2 used a 3-day dietary record and defined an eating 
occasion as any time when food or beverages were consumed at least 15 minutes 
apart. Neither study explicitly mentioned the consideration of water within the 
analyses. The differences in these methods made it difficult to compare results from 
the studies. 
The 2 studies included in this systematic review were designed to examine the 
relationship between frequency of eating and cardiovascular disease, and were 
generalizable to the U.S. population. However, they were inconsistent in their 
definitions and examination of frequency of eating, the outcomes considered, and the 
reported results. In addition, the included studies had multiple critical risks of bias due 
to their design and conduct. Publication bias is a concern with this body of evidence 
given that there were few studies and only one study reported a significant association. 
Therefore, the evidence was insufficient to be able to draw conclusions about the 
relationship between the frequency of eating and cardiovascular disease.  
 

Research recommendations 
• More controlled trials are needed that assess the frequency of eating and 

various outcomes. 
• Future studies should develop a consistent definition of an ingestive event that 

includes eating and drinking and methods to quantify it. 
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• Future studies should document the frequency of water consumption. 
• In future studies, collection of ingestive frequency data should: 

o Report number of ingestive events across 24 hours. 
o Collect a minimum of 3 days of ingestive event data on at least 2 discrete 

occasions to allow assessment of estimate reliability. 
• Future studies should report information on food insecurity in relation to 

frequency of eating to allow isolation of voluntary versus involuntary eating 
frequency effects.  

• Future research should report key confounders and other factors to be 
considered, such as: 

o Sex, Age, Race/ethnicity, Habitual eating frequency, Smoking, 
Anthropometry 

o Socioeconomic status, Physical activity, Cultural practices, Total energy 
intake, Diet energy density, Energy state of the diet (restriction/surplus), 
Energy balance (total energy intake/total energy expenditure), 
Chrononutrition factors (time of day, (consistency of) habitual eating 
frequency, and duration between ingestive events and/or ingestive 
periods), Portion size, Macronutrient content, Location of eating 
occasion, Eating environment (who you eat with, work/school/exercise 
schedule), Holiday eating (seasonal), Sleep schedule (shift work), 
Secondary eating, Dentition, Hydration status, Pregnancy status, 
Pubertal status, Menopausal status, Biochemical changes 

 

Included articles 
1. Cahill LE, Chiuve SE, Mekary RA, et al. Prospective study of breakfast eating and 
incident coronary heart disease in a cohort of male US health professionals. 
Circulation. 2013;128(4):337-343. doi:10.1161/circulationaha.113.001474 

2. Karatzi K, Georgiopoulos G, Yannakoulia M, et al. Eating frequency predicts new 
onset hypertension and the rate of progression of blood pressure, arterial stiffness, and 
wave reflections. J Hypertens. 2016;34(3):429-437. 
doi:10.1097/hjh.0000000000000822 
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Table 1. Description of studies included in the systematic review to examine the relationship between frequency of eating and 
cardiovascular disease1F

ii 

Study and population characteristics Exposure, Comparator and 
Outcome(s) Results Key Confounders and Study 

Limitations 

Cahill, 20131 

Prospective Cohort Study, Health Professionals 
Follow-Up Study, United States; Analytic N=26902  

Participant characteristics: 
Key Confounders:  
• Age: ~58y (46-81y)  
• Sex: 0% female  
• Race/Ethnicity: 97% White 
• Habitual eating frequency: ~3.5 EOs/d, ~87% 

breakfast consumers  
• Smoking: 7% current smokers 
• Anthropometry: ~25kg/m2 
Reported Other Factors to be Considered: 
• SES: Married ~90%  
• Physical activity: ~37 MET/-h/wk, ~11% watch >21h 

tv/wk 
• Sleep: <7hr/24h ~16% 
• Drink alcohol ~76% 
• Total energy intake: ~1950 kcal/d 
• Health: diabetes ~4%; hypertension ~26%; 

hypercholesterolemia ~34% 
Excluded from selection into study or analysis: Females, 
did not complete the baseline FFQ, had implausible energy 
intakes (>4200 or <800 kcal/d), had left >70 food items 
blank, or did not answer the meal-frequency questions, 
diagnosed with diabetes, cardiovascular disease, and 
cancer (except for nonmelanoma skin cancer)  

Exposure of interest: 
Frequency of eating occasions: 
1-2, 3, 4-5, ≥6 times per day 

 
Assessment method and timing: 
FFQ, collected in 1992; indicate 
eating before breakfast, 
breakfast, between breakfast 
and lunch, lunch, between lunch 
and dinner, dinner, between 
dinner and bedtime, or after 
going to bed (question focused 
on eating, so likely beverages 
were not considered) 
Treatment of beverages: Likely 
not included  
 
Outcomes and assessment 
methods: 
Coronary Heart Disease (CHD): 
Non-fatal myocardial infarction 
or fatal CHD were self-reported 
and confirmed based on 
medical record review; every 2y 
for 16y 

TEI adjusted: Yes 

CHD: 

• 1-2 times/d (n=150): RR: 1.08, 
95% CI: 0.90, 1.29 

• 3 times/d (n=728): RR: 1.00 
• 4-5 times/d (n=611): RR: 1.00, 

95% CI: 0.89, 1.11  
• ≥6 times/d (n=38): RR: 1.14, 95% 

CI: 0.81, 1.61  
• p-trend = NS 
 

Summary: Frequency of eating at 
men with a mean age 58y was not 
significantly associated with risk of 
CHD after 16y f/u. 

Model Adjustments: 
• Key confounders: age, sex, race/ethnicity, 

physical activity, smoking, anthropometry 
• Other factors to be considered: SES, family 

history of MI, energy intake, sleep 
• Other: alcohol intake, diet quality, marital 

status, physical exam in last 2y, television 
watching, diagnosis with diabetes, 
hypertension, or hypercholesterolemia, 
breakfast, late night eating, stress, 
antidepressant medication, daily number of 
cigarettes among smokers, bodyweight change 
and specific dietary components such as 
folate, whole grains, fiber or saturated fat 

Limitations: 
• Selection criteria likely related to FoE and CVD  
• FoE data only assessed at baseline with a 16y 

f/u leading to a concern that changes in 
exposure status occurred over f/u 

• FoE assessment method not validated 
• High attrition rate 
• Beverages and water was not mentioned in 

FoE assessment 
• FoE data collection from 1992 and may not be 

applicable to current populations and food 
supply 

Funding sources: NIH, Canadian Institutes of 
Health Research 
 
 

                                            
ii Abbreviations: CHD – coronary heart disease; CVD – cardiovascular disease; d – day; DBP – diastolic blood pressure; EO – eating occasion; f/u – follow-up; FoE – frequency 
of eating; h – hour; HDL – high-density lipoprotein, HOMA – Homeostatic Model Assessment of Insulin Resistance; HR – hazard ratio; NS – not significant; NR – not reported; 
SBP – systolic blood pressure; SD – standard deviation; SE – standard error; SES – socioeconomic status; TEI – total energy intake, y – year  
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Study and population characteristics Exposure, Comparator and 
Outcome(s) Results Key Confounders and Study 

Limitations 

Karatzi, 20162 
Prospective Cohort Study, Greece; Analytic N=115  

Participant characteristics: 
Key Confounders:  
• Age: 47.8y  
• Sex: 45% female  
• Race/Ethnicity: NR 
• Habitual eating frequency, median, IQR: 15, 13-18 

EOs/3d  
• Smoking: 40% 
• Anthropometry: BMI: 26.2kg/m2; waist circumference: 

89.5 cm; hip circumference: 102 cm; waist to hip ratio: 
0.854 

Reported Other Factors to be Considered: 
• Total energy intake: ~1823kcal 
• Macronutrient content: carbohydrate energy ~39.8%; 

Lipid energy ~41.3%; protein energy ~38.2%; 
Excluded from selection into study or analysis: history of 
coronary artery disease, diabetes, liver or endocrine 
diseases, autoimmune disease, cancer, or active infection; 
alcohol consumption ≥30g/d; dieting at baseline 

Exposure of interest: 
Frequency of EOs: 1-5, ≥6 per 
day 

 
Assessment method and timing: 
3d food records on 2 
consecutive weekdays and 1 
weekend day at baseline; eating 
frequency: number of EOs/d 
(mean of 3 d assessments); 
EO: any EO when food or drink 
was consumed at least 15 min 
apart (may include alcohol, soft 
drinks, kcal-free meals, or 
coffees and teas eaten in the 
absence of food.  

Treatment of non-caloric 
beverages: Included as an EO 
although water not mentioned. 

 
Outcomes and assessment 
methods: 
Cardiovascular disease: Blood 
pressure was measured 
(average of 2 measures, 1 min 
apart), at baseline and 5y 
follow-up; Hypertension was 
defined as systolic blood 
pressure >140mmHg and/or 
diastolic blood pressure > 
90mmHg. Participants fasted for 
12 h and abstained from 
alcohol, caffeine, and smoking 
for 1 d before assessment at 
lab.  

TEI adjusted: Yes 

 

CVD: 

• SBP: HR 0.366, p=0.05 
• DBP: 0.452, p=0.02 
• Hypertension: HR 5.4, p=0.004 
 

Summary: Higher eating frequency 
at baseline was associated with 
lower systolic blood pressure and 
diastolic blood pressure changes, 
and decreased risk of hypertension 
after a 5-year follow-up. 

Model Adjustments: 
• Key confounders: age, sex, smoking, BMI 
• Other factors to be considered: total energy 

intake 
• Other: HDL, HR, HOMA 

Limitations: 
• Race/ethnicity (study took place in Greece) 

was not accounted for in the analysis 
• Selection criteria likely related to FoE and CVD 
• FoE data only assessed at baseline with a 5y 

f/u leading to a concern that changes in 
exposure status occurred over f/u 

• High attrition rate 
• Water not mentioned in data collection 
Funding sources: NR 
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Table 2. Risk of bias for observational studies examining the frequency of eating and cardiovascular disease2F

iii,
3F

iv  

  

Confounding Selection of 
participants 

Classification 
of exposures 

Deviations 
from intended 

exposures 

Missing data Outcome 
measurement 

Selection of the 
reported result 

Cahill, 20131 Moderate Serious Serious Critical Moderate Moderate Moderate 
Karatzi, 20162 Moderate Serious Serious Critical Low Moderate Serious 

 

                                            
iii A detailed description of the methodology used for assessing risk of bias is available on the NESR website: https://nesr.usda.gov/2020-dietary-guidelines-
advisory-committee-systematic-reviews and in Part C of the following reference: Dietary Guidelines Advisory Committee. 2020. Scientific Report of the 2020 
Dietary Guidelines Advisory Committee: Advisory Report to the Secretary of Agriculture and the Secretary of Health and Human Services. U.S. Department of 
Agriculture, Agricultural Research Service, Washington, DC. 
iv Possible ratings of low, moderate, serious, critical, or no information determined using the "Risk of Bias for Nutrition Observational Studies" tool (RoB-NObs) 
(Dietary Guidelines Advisory Committee. 2020. Scientific Report of the 2020 Dietary Guidelines Advisory Committee: Advisory Report to the Secretary of 
Agriculture and the Secretary of Health and Human Services. U.S. Department of Agriculture, Agricultural Research Service, Washington, DC.) 

https://nesr.usda.gov/2020-dietary-guidelines-advisory-committee-systematic-reviews
https://nesr.usda.gov/2020-dietary-guidelines-advisory-committee-systematic-reviews
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METHODOLOGY  

The NESR team used its rigorous, protocol-driven methodology to support the 2020 Dietary 
Guidelines Advisory Committee in conducting this systematic review. 
NESR’s systematic review methodology involves: 

• Developing a protocol, 
• Searching for and selecting studies, 
• Extracting data from and assessing the risk of bias of each included study, 
• Synthesizing the evidence, 
• Developing conclusion statements, 
• Grading the evidence underlying the conclusion statements, and  
• Recommending future research.  

A detailed description of the methodology used in conducting this systematic review is available on 
the NESR website: https://nesr.usda.gov/2020-dietary-guidelines-advisory-committee-systematic-
reviews, and can be found in the 2020 Dietary Guidelines Advisory Committee Report, Part C: 
Methodology.4F

v This systematic review was peer reviewed by Federal scientists, and information about 
the peer review process can also be found in the Committee’s Report, Part C. Methodology. 
Additional information about this systematic review, including a description of and rationale for any 
modifications made to the protocol can be found in the 2020 Dietary Guidelines Advisory Committee 
Report, Chapter 13. Frequency of Eating. 
Below are details of the final protocol for the systematic review described herein, including the: 

• Analytic framework  
• Literature search and screening plan 
• Literature search and screening results  

 

ANALYTIC FRAMEWORK 

The analytic framework (Figure 1) illustrates the overall scope of the systematic review, including the 
population, the interventions and/or exposures, comparators, and outcomes of interest. It also 
includes definitions of key terms and identifies key confounders considered in the systematic review. 
The inclusion and exclusion criteria that follow provide additional information about how parts of the 
analytic framework were defined and operationalized for the review.  

                                            
v Dietary Guidelines Advisory Committee. 2020. Scientific Report of the 2020 Dietary Guidelines Advisory 
Committee: Advisory Report to the Secretary of Agriculture and the Secretary of Health and Human Services. U.S. 
Department of Agriculture, Agricultural Research Service, Washington, DC. 

https://nesr.usda.gov/2020-dietary-guidelines-advisory-committee-systematic-reviews
https://nesr.usda.gov/2020-dietary-guidelines-advisory-committee-systematic-reviews
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Figure 1: Analytic framework 
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LITERATURE SEARCH AND SCREENING PLAN 

Inclusion and exclusion criteria 
This table provides the inclusion and exclusion criteria for the systematic review. The inclusion 
and exclusion criteria are the set of characteristics used to determine which articles identified in 
the literature search were included in or excluded from the systematic review.  
Table 3. Inclusion and exclusion criteria 

Category Inclusion Criteria Exclusion Criteria 

Study design • Randomized controlled trials 

• Non-randomized controlled trials, including quasi-
experimental and controlled before and after 
studies 

• Prospective cohort studies  

• Retrospective cohort studies  

• Nested case-control studies 

• Uncontrolled trials 

• Case-control studies 

• Cross-sectional studies 

• Uncontrolled before-and-after studies 

• Narrative reviews  

• Systematic reviews 

• Meta-analyses 

Intervention/ 
exposure 
 

Frequency of eating: 

• Number of daily eating occasions 

• Studies that only examine frequency of 
intake of a single food, beverage or category 
of foods or beverages (i.e. frequency of milk 
consumption, frequency of seafood 
consumption) 

• Studies that do not have eating occasions 
across the day 

Comparator • Different number of daily eating occasions  • N/A 

Outcomes  Intermediate Outcomes: 

• Total cholesterol (TC) 

• LDL cholesterol 

• HDL cholesterol (including TC:HDL and LDL:HDL 
ratios)  

• Triglycerides  

• Blood pressure (systolic and diastolic) 

Endpoint Outcomes: 

• Cardiovascular disease (myocardial infarction, 
coronary heart disease, coronary artery disease, 
congestive heart failure, peripheral artery 
disease) 

• Stroke 

• Venous thrombosis  

• Cardiovascular disease-related mortality  
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Category Inclusion Criteria Exclusion Criteria 

Date of 
publication 

• January 2000 – September 2019 • Articles published prior to or after January 
2000 – September 2019 

Publication 
status 

• Articles published in peer-reviewed journals • Articles that have not been peer-reviewed 
and are not published in peer-reviewed 
journals (e.g. unpublished data, manuscripts, 
reports, abstracts, pre-prints, and conference 
proceedings) 

Language of 
publication 

• Articles published in English • Articles published in languages other than 
English 

Country5F

vi • Studies conducted in countries ranked as high or 
very high human development 

• Studies conducted in countries ranked as 
medium or lower human development 

Study 
participants 

• Human participants 

• Males 

• Females 

• Females during pregnancy and the post-partum 
period 

• Non-human participants (i.e., animals or in-
vitro models) 

 

Age of study 
participants 

• Age at intervention or exposure:  

o Children and adolescents (2-18 years) 

o Adults (19-64 years) 

o Older adults (ages 65 and older) 

• Age at outcome: 

o Children and adolescents (2-18 years) 

o Adults (19-64 years) 

• Older adults (ages 65 and older) 

• Age at intervention or exposure:  

o Infants and toddlers (0-24 months 
old) 

• Age at outcome: 

o Infants and toddlers (0-24 months 
old) 

                                            
vi In order to determine the inclusion exclusion criteria for country, the Human Development classification was used. 
This classification is based on the Human Development Index (HDI) ranking from the year the study intervention 
occurred or data were collected (UN Development Program. HDI 1990-2017 HDRO calculations based on data from 
UNDESA (2017a), UNESCO Institute for Statistics (2018), United Nations Statistics Division (2018b), World Bank 
(2018b), Barro and Lee (2016) and IMF (2018). Available from: http://hdr.undp.org/en/data). If the study did not report 
the year in which the intervention occurred or data were collected, the HDI classification for the year of publication 
was applied. HDI values are available from 1980, and then from 1990 to present. If a study was conducted prior to 
1990, the HDI classification from 1990 was applied. If a study was conducted in 2018 or 2019, the most current HDI 
classification was applied. When a country was not included in the HDI ranking, the current country classification 
from the World Bank was used instead (The World Bank. World Bank country and lending groups. Available from: 
https://datahelpdesk.worldbank.org/knowledgebase/articles/906519-world- country-and-lending-groups) 
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Category Inclusion Criteria Exclusion Criteria 

Health status of 
study 
participants 

• Studies that enroll participants who are healthy 
and/or at risk for chronic disease, including those 
with obesity 

• Studies that enroll some participants diagnosed 
with a disease  

• Studies that exclusively enroll participants with 
high blood pressure or high cholesterol and are 
evaluating cardiovascular disease endpoint 
outcomes (i.e., studies that aim to prevent 
cardiovascular disease in participants who are at 
high risk) 

• Studies that enroll some participants with 
endpoint outcomes of cardiovascular disease  

 

• Studies that exclusively enroll participants 
diagnosed with a disease, or hospitalized 
with an illness or injury. (For this criterion, 
studies that exclusively enroll participants 
with obesity will not be excluded).  

• Studies that exclusively enroll participants 
with high blood pressure or high cholesterol 
and are evaluating blood pressure or 
cholesterol outcomes (i.e., studies that aim to 
treat participants who already have high 
blood pressure or high cholesterol) 

• Studies that exclusively enroll participants 
with endpoint outcomes of cardiovascular 
disease (i.e., studies that aim to treat 
participants who have already been 
diagnosed with the endpoint outcomes of 
interest) 

• Studies that exclusively enroll subjects post 
bariatric surgery 

Eating 
frequency data 
collection for 
intervention 
studies 
 

• Data collection for eating frequency that occurs 
on at least 2 occasions, including baseline and 
during or after the intervention. 

o Each occasion encompasses a minimum 
of 3, 24-hour periods or a questionnaire 
that covers at least 3 days addressing 
eating frequency. 

 (e.g., 3, 24-h dietary recalls 
reporting ingestive events) 

 (e.g., 1 eating frequency 
questionnaire documenting 
eating frequency for the past 
month) 

• Data collection for eating frequency that 
occurs on fewer than 2 occasions, and 
encompasses fewer than 3, 24-hour periods 

Eating 
frequency data 
collection for 
observational 
studies 
 

• Data collection for eating frequency that 
encompasses a minimum of 3, 24-hour periods 

o (e.g., 3, 24-h dietary recalls reporting 
each ingestive event) 

o (e.g., 1 eating frequency questionnaire 
documenting eating frequency for the 
past month)  

• Data collection for eating frequency that 
encompasses fewer than 3, 24-hour periods 

Size of study 
groups for 
intervention 
studies 

 

• 15 or greater participants for studies using within-
subject analyses, or 

• 30 or greater participants for studies using 
between-subject analysis, or 

• A power calculation included  

• Fewer than 15 participants for studies using 
within-subject analyses, or 

• Fewer than 30 participants for studies using 
between-subject analysis, or 

• No power calculation reported 
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Electronic databases and search terms 
PubMed 

• Provider: U.S. National Library of Medicine  
• Date(s) searched: September 17 2019 
• Date range searched: January 1, 2000-September 17 2019 
• Search Terms: 

#1 - “frequency of eating” OR eating frequenc* OR “frequent eating” OR feeding frequenc* OR 
“Meals”[Mesh] OR meal frequenc* OR “meal timing” OR “meal time” OR mealtim* OR daily 
meal* OR dinnertim* OR dinner pattern* OR “night eating” OR evening meal* OR eating 
occasion* OR irregular eat* OR snack frequenc* OR snacking frequenc* OR snacking pattern* 
OR snacking behavior* OR “Fasting”[Mesh] OR “intermittent fasting” OR fasting diet* OR 
“alternate-day fasting” OR “meal skipping” OR “breakfast skipping” OR skipping breakfast* OR 
“Feeding Behavior”[Mesh:noexp] OR feeding behavior*[tiab] OR eating episode* OR eating 
pattern* OR eating habit* OR eating tim* OR “eating alone” OR time restricted feeding* OR 
feeding pattern* OR meal profile* OR meal pattern* OR meal environment* OR chrono-
nutrition OR intermittent energy restriction* OR intermittent diet* 
#2 - "Cardiovascular Diseases”[Mesh:noexp] OR cardiovascular disease*[tiab] OR coronary 
artery disease[tiab] OR heart disease*[tiab] OR “Heart Failure”[Mesh] OR heart failure[tiab] OR 
“Myocardial Infarction”[Mesh] OR myocardial infarction*[tiab] OR “Myocardial Ischemia”[Mesh] 
OR Myocardial Ischemia*[tiab] OR “Stroke”[Mesh] OR stroke[tiab] OR angina[tiab] OR heart 
attack[tiab] OR “Venous Thrombosis”[Mesh] OR venous thrombosis[tiab] OR 
hypertension[tiab] OR high blood pressure[tiab] OR “Lipids/blood”[Mesh] OR “Cholesterol, 
HDL”[Mesh] OR HDL cholesterol[tiab] OR “Cholesterol, LDL”[Mesh] OR LDL cholesterol[tiab] 
OR total cholesterol[tiab] OR “Triglycerides”[Mesh] OR triglycerides[tiab] 
#3 - “Diabetes Mellitus, Type 2”[Mesh] OR Type 2 diabetes[tiab] OR T2D[tiab] OR adult onset 
diabetes[tiab] OR “Prediabetic State”[Mesh] OR prediabet*[tiab] OR pre diabet* OR “Insulin 
Resistance”[Mesh] OR insulin resistance[tiab] OR “Glucose Intolerance”[Mesh] OR glucose 
intolerance[tiab] OR glucose tolerance[tiab] OR “Glycated Hemoglobin A”[Mesh] OR 
hemoglobin A1c[ti] OR “Hyperglycemia”[Mesh] OR “Hypoglycemia”[Mesh] OR ((impaired 
fasting[tiab] OR “Diabetes Mellitus”[Mesh:noexp]) AND (glucose[tiab] OR glycemi*[tiab] OR 
high blood sugar[tiab] OR low blood sugar[tiab] 
#4 - “Body Weights and Measures”[Mesh] OR “Body Weight”[Mesh] OR body weight[tiab] OR 
“Overnutrition”[Mesh:NoExp] OR overnutrition[tiab] OR body weight[tiab] OR weight 
status[tiab] OR obesity[tiab] OR obese[tiab] OR overweight[tiab] OR body mass index[tiab] OR 
BMI[tiab] OR underweight[tiab] OR wasting[tiab] OR healthy weight[tiab] OR “Body 
Composition”[Mesh] OR body composition[tiab] OR body fat[tiab] OR fat mass[tiab] OR fat free 
mass[tiab] OR “Adipose Tissue”[Mesh] OR “Adiposity”[Mesh] OR adipos*[tiab] OR 
anthropometry[tiab] OR anthropometric*[tiab] OR body height[tiab] OR stunting[tiab] OR 
stunted[tiab] OR “Growth Charts”[Mesh] OR growth chart*[tiab] OR waist circumference[tiab] 
OR head circumference[tiab] OR arm circumference[tiab] OR thigh circumference[tiab] OR 
neck circumference[tiab] OR “Gestational Weight Gain”[Mesh] OR “Weight Gain”[Mesh:NoExp] 
OR weight gain[tiab] OR “Body Size”[Mesh] OR “body size”[tiab] OR weight change[tiab] OR 
weight changes[tiab] OR “Weight Loss”[Mesh] OR weight loss*[tiab] OR weight reduc*[tiab] OR 
“Weight Reduction Programs”[Mesh] OR “Body-Weight Trajectory”[Mesh] OR weight maint* 
OR “Diet, Reducing”[Mesh] OR diet reduc*[tiab] OR weight cycling[tiab] OR weight 
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decreas*[tiab] OR weight watch*[tiab] OR weight control*[tiab] OR weight retention[tiab] OR 
(weight[tiab] AND (reduction OR reduced OR reducing OR loss OR losses OR maintenanc* 
OR maintain*[tiab] OR decreas*[tiab] OR watch OR control*[tiab] OR change*[tiab] OR 
gain[tiab])) 
#5 - (#2 OR #3 OR #4) 
#6 - (#1 AND #5) 
#7 - (#1 AND #5) NOT (“Animals”[Mesh] NOT (“Animals”[Mesh] AND “Humans”[Mesh])) NOT 
(editorial[ptyp] OR comment[ptyp] OR news[ptyp] OR letter[ptyp] OR review[ptyp] OR 
systematic review[ptyp] OR systematic review[ti] OR meta-analysis[ptyp] OR meta-analysis[ti] 
OR meta-analyses[ti] OR retracted publication[ptyp] OR retraction of publication[ptyp] OR 
retraction of publication[tiab] OR retraction notice[ti]) Filters: Publication date from 2000/01/01 
to 2019/09/17; English 
 

Cochrane Central Register of Controlled Trials (CENTRAL)  
• Provider: John Wiley & Sons  
• Date(s) searched: September 17, 2019 
• Date range searched: January 1, 2000-September 17, 2019 
• Search Terms: 

#1 - [mh Meals] OR [mh Fasting] OR [mh ^”Feeding Behavior”]  
#2 - “frequency of eating” OR “eating frequenc*” OR “frequent eating” OR “feeding frequenc*” 
OR “meal frequenc*” OR “meal timing” OR “meal time” OR mealtim* OR “daily meal*” OR 
dinnertim* OR “dinner pattern*” OR “night eating” OR “evening meal*” OR “eating occasion*” 
OR “irregular eat*” OR “snack frequenc*” OR “snacking frequenc*” OR “snacking pattern*” OR 
“snacking behavior*” OR “intermittent fasting” OR “fasting diet*” OR “alternate-day fasting” OR 
“meal skipping” OR “breakfast skipping” OR “skipping breakfast*” OR “feeding behavior*” OR 
“eating episode*” OR “eating pattern*” OR “eating habit*” OR “eating tim*” OR “eating alone” 
OR “time restricted feeding*” OR “feeding pattern*” OR “meal profile*” OR “meal pattern*” OR 
“meal environment*” OR chrono-nutrition OR “intermittent energy restriction*” OR “intermittent 
diet*”   
#3 - #1 OR #2 
#4 - [mh ^”Cardiovascular Diseases”] OR [mh “Heart Failure”] OR [mh “Myocardial Infarction”] 
OR [mh “Myocardial Ischemia”] OR [mh Stroke] OR [mh “Venous Thrombosis”] OR [mh 
Lipids/BL] OR [mh “Cholesterol, HDL”] OR [mh “Cholesterol, LDL”] OR [mh Triglycerides]  
#5 - (“cardiovascular disease*” OR “coronary artery disease” OR “heart disease” OR “heart 
failure” OR “myocardial infarction*” OR “myocardial ischemia*” OR stroke OR angina OR 
“heart attack” OR “venous thrombosis” OR “hypertension” OR “high blood pressure” OR “HDL 
cholesterol” OR “LDL cholesterol” OR “total cholesterol” OR triglycerides):ti,ab,kw 
#6 - #4 OR #5   
#7 - [mh “Diabetes Mellitus, Type 2”] OR [mh “Prediabetic State”] OR [mh “Insulin Resistance”] 
OR [mh “Glucose Intolerance”] OR [mh “Glycated Hemoglobin A”] OR [mh Hyperglycemia] OR 
[mh Hypoglycemia] 
#8 - (“Type 2 diabetes” OR T2D OR “adult onset diabetes” OR prediabet* OR pre diabet* OR 
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“insulin resistance” OR “glucose intolerance” OR “glucose tolerance” OR “hemoglobin 
A1c”):ti,ab,kw  
#9 - ((“impaired fasting” OR [mh ^”Diabetes Mellitus”]) AND (glucose OR glycemi* OR “high 
blood sugar” OR “low blood sugar”))  
#10 - #7 OR #8 OR #9  
#11 - [mh “Body Weights and Measures”] OR [mh “Body Weight”] OR [mh ^Overnutrition] OR 
[mh “Body Composition”] OR [mh “Adipose Tissue”] OR [mh Adiposity] OR [mh “Growth 
Charts”] OR [mh “Gestational Weight Gain”] OR [mh ^”Weight Gain”] OR [mh “Body Size”] OR 
[mh “Weight Loss”] OR [mh “Weight Reduction Programs”] OR [mh “Body-Weight Trajectory”] 
OR [mh “Diet, Reducing”] 
#12 - “body weight” OR overnutrition OR “body weight” OR “weight status” OR obesity OR 
obese OR overweight OR “body mass index” OR BMI OR underweight OR wasting OR 
“healthy weight” OR “body composition” OR “body fat” OR “fat mass” OR “fat free mass” OR 
adipos* OR anthropometry OR anthropometric* OR “body height” OR stunting OR stunted OR 
“growth chart*” OR “waist circumference” OR “head circumference” OR “arm circumference” 
OR “thigh circumference” OR “neck circumference” OR “weight gain” OR “body size” OR 
“weight change” OR “weight changes” OR “weight loss*” OR “weight reduc*” OR “weight 
maint*” OR “diet reduc*” OR “weight cycling” OR “weight decreas*” OR “weight watch*” OR 
“weight control*” OR “weight retention” 
#13 - ((weight NEAR/4 (reduction OR reduced OR reducing OR loss OR losses OR 
maintenanc* OR maintain* OR decreas* OR watch OR control* OR change* OR 
gain))):ti,ab,kw  
#14 - #11 OR #12 OR #13  
#15 - #6 OR #10 OR #14  
#16 - #3 AND #15” with Publication Year from 2000 to 2019, in Trials (Word variations have 
been searched) 
  

Embase 
• Provider: Elsevier  
• Date(s) searched: September 17, 2019 
• Date range searched: January 1, 2000-September 17, 2019 
• Search Terms: 

#1 - ‘meal’/exp OR ‘fasting’/exp OR ‘feeding behavior’/de 
#2 - ‘frequency of eating’:ab,ti OR ‘eating frequenc*’:ab,ti OR ‘frequent eating’:ab,ti OR ‘feeding 
frequenc*’:ab,ti OR ‘meal frequenc*’:ab,ti OR ‘meal timing’:ab,ti OR ‘meal time’:ab,ti OR 
mealtim*:ab,ti OR ‘daily meal*’:ab,ti OR dinnertim*:ab,ti OR ‘dinner pattern*’:ab,ti OR ‘night 
eating’:ab,ti OR ‘evening meal*’:ab,ti OR ‘eating occasion*’:ab,ti OR ‘irregular eat*’:ab,ti OR 
‘snack frequenc*’:ab,ti OR ‘snacking frequenc*’:ab,ti OR ‘snacking pattern*’:ab,ti OR ‘snacking 
behavior*’:ab,ti OR ‘intermittent fasting’:ab,ti OR ‘fasting diet*’:ab,ti OR ‘alternate-day 
fasting’:ab,ti OR ‘meal skipping’:ab,ti OR ‘breakfast skipping’:ab,ti OR ‘skipping breakfast*’:ab,ti 
OR ‘feeding behavior*’:ab,ti OR ‘eating episode*’:ab,ti OR ‘eating pattern*’:ab,ti OR ‘eating 
habit*’:ab,ti OR ‘eating tim*’:ab,ti OR ‘eating alone’:ab,ti OR ‘time restricted feeding*’:ab,ti OR 
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‘feeding pattern*’:ab,ti OR ‘meal profile*’:ab,ti OR ‘meal pattern*’:ab,ti OR ‘meal 
environment*’:ab,ti OR ‘chrono nutrition’:ab,ti OR ‘intermittent energy restriction*’:ab,ti OR 
‘intermittent diet*’:ab,ti 
#3 - #1 OR #2 
#4 - ‘cardiovascular disease’/de OR ‘heart failure’/exp OR ‘heart infarction’/exp OR ‘heart 
muscle ischemia’/exp OR ‘cerebrovascular accident’/exp OR ‘vein thrombosis’/exp OR ‘high 
density lipoprotein cholesterol’/de OR ‘low density lipoprotein cholesterol’/de OR 
‘triacylglycerol’/exp 
#5 - ‘cardiovascular disease*’:ab,ti OR ‘coronary artery disease’:ab,ti OR ‘heart disease’:ab,ti 
OR ‘heart failure’:ab,ti OR ‘myocardial infarction*’:ab,ti OR ‘myocardial ischemia*’:ab,ti OR 
stroke:ab,ti OR angina:ab,ti OR ‘heart attack’:ab,ti OR ‘venous thrombosis’:ab,ti OR 
‘hypertension’:ab,ti OR ‘high blood pressure’:ab,ti OR ‘hdl cholesterol’:ab,ti OR ‘ldl 
cholesterol’:ab,ti OR ‘total cholesterol’:ab,ti OR triglycerides:ab,ti 
#6 - #4 OR #5 
#7 - ‘non insulin dependent diabetes mellitus’/exp OR ‘impaired glucose tolerance’/exp OR 
‘insulin resistance’/de OR ‘glucose intolerance’/de OR ‘glycosylated hemoglobin’/exp OR 
‘hyperglycemia’/de OR ‘hypoglycemia’/exp 
#8 - ‘type 2 diabetes’:ab,ti OR t2d:ab,ti OR ‘adult onset diabetes’:ab,ti OR prediabet*:ab,ti OR 
‘pre diabet*’:ab,ti OR ‘insulin resistance’:ab,ti OR ‘glucose intolerance’:ab,ti OR ‘glucose 
tolerance’:ab,ti OR ‘hemoglobin a1c’:ab,ti 
#9 - ((‘impaired fasting’ OR ‘diabetes mellitus]’) NEAR/4 (glucose OR glycemi* OR ‘high blood 
sugar’ OR ‘low blood sugar’)):ab,ti 
#10 - #7 OR #8 OR #9 
#11 - ‘weight, mass and size’/exp OR ‘body weight’/exp OR ‘overnutrition’/de OR ‘body 
composition’/exp OR ‘adipose tissue’/exp OR ‘growth chart’/de OR ‘gestational weight gain’/de 
OR ‘body weight gain’/de OR ‘body size’/de OR ‘body weight loss’/exp OR ‘weight loss 
program’/de OR ‘weight trajectory (body weight)’/de OR ‘low calorie diet’/exp 
#12 - overnutrition:ab,ti OR ‘body weight’:ab,ti OR ‘weight status’:ab,ti OR obesity:ab,ti OR 
obese:ab,ti OR overweight:ab,ti OR ‘body mass index’:ab,ti OR bmi:ab,ti OR underweight:ab,ti 
OR wasting:ab,ti OR ‘healthy weight’:ab,ti OR ‘body composition’:ab,ti OR ‘body fat’:ab,ti OR 
‘fat mass’:ab,ti OR ‘fat free mass’:ab,ti OR adipos*:ab,ti OR anthropometry:ab,ti OR 
anthropometric*:ab,ti OR ‘body height’:ab,ti OR stunting:ab,ti OR stunted:ab,ti OR ‘growth 
chart*’:ab,ti OR ‘waist circumference’:ab,ti OR ‘head circumference’:ab,ti OR ‘arm 
circumference’:ab,ti OR ‘thigh circumference’:ab,ti OR ‘neck circumference’:ab,ti OR ‘weight 
gain’:ab,ti OR ‘body size’:ab,ti OR ‘weight change’:ab,ti OR ‘weight changes’:ab,ti OR ‘weight 
loss*’:ab,ti OR ‘weight reduc*’:ab,ti OR ‘weight maint*’:ab,ti OR ‘diet reduc*’:ab,ti OR ‘weight 
cycling’:ab,ti OR ‘weight decreas*’:ab,ti OR ‘weight watch*’:ab,ti OR ‘weight control*’:ab,ti OR 
‘weight retention’:ab,ti 
#13 - (weight NEAR/4 (reduction OR reduced OR reducing OR loss OR losses OR 
maintenanc* OR maintain* OR decreas* OR watch OR control* OR change* OR gain)):ab,ti 
#14 - #11 OR #12 OR #13 
#15 - #6 OR #10 OR #14 
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#16 - #3 AND #15 
#17 - #3 AND #15 AND ([article]/lim OR [article in press]/lim) AND [humans]/lim AND 
[english]/lim AND [2000-2019]/py NOT ([conference abstract]/lim OR [conference review]/lim 
OR [conference paper]/lim OR [editorial]/lim OR [erratum]/lim OR [letter]/lim OR [note]/lim OR 
[review]/lim OR [systematic review]/lim OR [meta analysis]/lim) 
 

CINAHL Plus (Cumulative Index to Nursing and Allied Health Literature) 
• Provider: EBSCOhost  
• Date(s) searched: September 24, 2019 
• Date range searched: January 1, 2000-September 24, 2019 
• Search Terms: 

 
#S1 - (MH “Meals+”) OR (MH “Fasting”) OR (MH “Eating Behavior”)  
#S2 - “frequency of eating” OR “eating frequenc*” OR “frequent eating” OR “feeding frequenc*” 
OR “meal frequenc*” OR “meal timing” OR “meal time” OR mealtim* OR “daily meal*” OR 
dinnertim* OR “dinner pattern*” OR “night eating” OR “evening meal*” OR “eating occasion*” 
OR “irregular eat*” OR “snack frequenc*” OR “snacking frequenc*” OR “snacking pattern*” OR 
“snacking behavior*” OR “intermittent fasting” OR “fasting diet*” OR “alternate-day fasting” OR 
“meal skipping” OR “breakfast skipping” OR “skipping breakfast*” OR “feeding behavior*” OR 
“eating episode*” OR “eating pattern*” OR “eating habit*” OR “eating tim*” OR “eating alone” 
OR “time restricted feeding*” OR “feeding pattern*” OR “meal profile*” OR “meal pattern*” OR 
“meal environment*” OR chrono-nutrition OR “intermittent energy restriction*” OR “intermittent 
diet*”   
#S3 - S1 OR S2    
#S4 - (MH “Cardiovascular Diseases”) OR (MH “Heart Failure+”) OR (MH “Myocardial 
Infarction+”) OR (MH “Myocardial Ischemia+”) OR (MH “Stroke+”) OR (MH “Venous 
Thrombosis+”) OR (MH “Lipids/BL”) OR (MH “Lipoproteins, HDL Cholesterol”) OR (MH 
“Lipoproteins, LDL Cholesterol”) OR (MH “Triglycerides”)  
#S5 - “cardiovascular disease*” OR “coronary artery disease” OR “heart disease*”OR “heart 
failure” OR “myocardial infarction*” OR “myocardial Ischemia*” OR stroke OR angina OR 
“heart attack” OR “venous thrombosis” OR hypertension OR “high blood pressure” OR “HDL 
cholesterol” OR “LDL cholesterol” OR “total cholesterol” OR triglycerides  
#S6 - S4 OR S5  
#S7 - (MH “Diabetes Mellitus, Type 2”) OR (MH “Prediabetic State”) OR (MH “Insulin 
Resistance+”) OR (MH “Glucose Intolerance”) OR (MH “Hemoglobin A, Glycosylated”) OR 
(MH “Hyperglycemia+”) OR (MH “Hypoglycemia+”)  
#S8 - (“Type 2 diabetes” OR T2D OR “adult onset diabetes” OR prediabet* OR pre diabet* OR 
“insulin resistance” OR “glucose intolerance” OR “glucose tolerance” OR “hemoglobin A1c”)  
#S9 - ((MH “Diabetes Mellitus” OR “impaired fasting”) N4 (glucose OR glycemi* OR “high 
blood sugar” OR “low blood sugar”))  
#S10 - S7 OR S8 OR S9 
#S11 - (MH “Body Weights and Measures+”) OR (MH “Body Weight+”) OR (MH “Body 
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Composition+”) OR (MH “Adipose Tissue”) OR (MH “Gestational Weight Gain”) OR (MH 
“Weight Gain+”) OR (MH “Body Size”) OR (MH “Weight Loss+”) OR (MH “Weight Reduction 
Programs”) OR (MH “Body Weight Changes”) OR (MH “Diet, Reducing”)  
#S12 - “body weight” OR overnutrition OR “body weight” OR “weight status” OR obesity OR 
obese OR overweight OR “body mass index” OR BMI OR underweight OR wasting OR 
“healthy weight” OR “body composition” OR “body fat” OR “fat mass” OR “fat free mass” OR 
adipos* OR anthropometry OR anthropometric* OR “body height” OR stunting OR stunted OR 
“growth chart*” OR “waist circumference” OR “head circumference” OR “arm circumference” 
OR “thigh circumference” OR “neck circumference” OR “weight gain” OR “body size” OR 
“weight change” OR “weight changes” OR “weight loss*” OR “weight reduc*” OR “weight 
maint*” OR “diet reduc*” OR “weight cycling” OR “weight decreas*” OR “weight watch*” OR 
“weight control*” OR “weight retention”  
#S13 - ((weight N4 (reduction OR reduced OR reducing OR loss OR losses OR maintenanc* 
OR maintain* OR decreas* OR watch OR control* OR change* OR gain))  
#S14 - S11 OR S12 OR S13  
#S15 - S6 OR S10 OR S14  
#S16 - (S3 AND S15) NOT (MH “Literature Review” OR MH “Meta Analysis” OR MH 
“Systematic Review” OR MH “News” OR MH “Retracted Publication” OR MH “Retraction of 
Publication) Publication Year: 2000-2019; Peer Reviewed; English Language; Human 

 

LITERATURE SEARCH AND SCREENING RESULTS 

The flow chart (Figure 2) below illustrates the literature search and screening results for 
articles examining the systematic review question. The literature search was conducted to 
identify articles for 5 different, but related systematic reviews on frequency of eating and 
growth, size, and body composition, cardiovascular disease, type 2 diabetes, post-partum 
weight loss, and gestational weight gain. The results of the electronic database searches, 
after removal of duplicates, were screened independently by two NESR analysts using a step-
wise process by reviewing titles, abstracts, and full-texts to determine which articles met the 
inclusion criteria. Refer to Table 4 for the rationale for exclusion for each excluded full-text 
article. A manual search was done to find articles that were not identified when searching the 
electronic databases; all manually identified articles were also screened to determine whether 
they meet criteria for inclusion.  
The literature search and screening results from multiple questions on frequency of eating 
were combined for efficiency because of topical overlap. The searches were designed to 
comprehensively identify relevant literature in all examined systematic reviews questions to 
avoid screening the same results multiple times. 

 
  



 

28  

Figure 2: Flow chart of literature search and screening results 
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Excluded articles 
The table below lists the articles excluded after full-text screening, and includes a column for the rationale for study exclusion based 
on the criteria in Table 3. At least one reason for exclusion is provided for each article, though this may not reflect all possible 
reasons for exclusion. Information about articles excluded after title and abstract screening is available upon request. 

Table 4. Articles excluded after full text screening with rationale for exclusion 

 Citation Rationale 

1 A little at a time: eating and exercising in bits and pieces. Harv Mens Health Watch. 2006. 11:6-7 
https://www.ncbi.nlm.nih.gov/pubmed/17153760 

Publication Status 

2 Abdullah NF, Teo PS, Foo LH. Ethnic Differences in the Food Intake Patterns and Its Associated Factors of 
Adolescents in Kelantan, Malaysia. Nutrients. 2016;8(9). https://www.ncbi.nlm.nih.gov/pubmed/27626444. 

Study Design 

3 Abendroth A, Michalsen A, Ludtke R, Ruffer A, Musial F, Dobos GJ, Langhorst J. Changes of Intestinal Microflora in 
Patients with Rheumatoid Arthritis during Fasting or a Mediterranean Diet. Forsch Komplementmed. 2010. 17:307-
13 https://www.ncbi.nlm.nih.gov/pubmed/21196744 

Publication Status 

4 Adachi Y, Sato C, Yamatsu K, Ito S, Adachi K, Yamagami T. A randomized controlled trial on the long-term effects 
of a 1-month behavioral weight control program assisted by computer tailored advice. Behav Res Ther. 2007. 
45:459-70 https://www.ncbi.nlm.nih.gov/pubmed/16713991 

Intervention/Exposure, Daily 
Eating Occasions Not Reported 

5 Adawi M, Damiani G, Bragazzi NL, Bridgewood C, Pacifico A, Conic RRZ, et al. The Impact of Intermittent Fasting 
(Ramadan Fasting) on Psoriatic Arthritis Disease Activity, Enthesitis, and Dactylitis: A Multicentre Study. Nutrients. 
2019;11(3). https://www.ncbi.nlm.nih.gov/pubmed/30871045. 

Daily Eating Occasions Not 
Reported, Eating Frequency 
Data Collection 

6 Adegboye AR, Rossner S, Neovius M, Lourenco PM, Linne Y. Relationships between prenatal smoking cessation, 
gestational weight gain and maternal lifestyle characteristics. Women Birth. 2010. 23:29-35 
https://www.ncbi.nlm.nih.gov/pubmed/19586807 

Intervention/Exposure 

7 Affenito SG, Thompson D, Dorazio A, Albertson AM, Loew A, Holschuh NM. Ready-to-eat cereal consumption and 
the School Breakfast Program: relationship to nutrient intake and weight. J Sch Health. 2013. 83:28-35 
https://www.ncbi.nlm.nih.gov/pubmed/23253288 

Study Design 

8 Affenito SG, Thompson DR, Barton BA, Franko DL, Daniels SR, Obarzanek E, Schreiber GB, Striegel-Moore RH. 
Breakfast consumption by African-American and white adolescent girls correlates positively with calcium and fiber 
intake and negatively with body mass index. J Am Diet Assoc. 2005. 105:938-45 
https://www.ncbi.nlm.nih.gov/pubmed/15942545 

Daily Eating Occasions Not 
Reported 

https://www.ncbi.nlm.nih.gov/pubmed/17153760
https://www.ncbi.nlm.nih.gov/pubmed/27626444
https://www.ncbi.nlm.nih.gov/pubmed/21196744
https://www.ncbi.nlm.nih.gov/pubmed/16713991
https://www.ncbi.nlm.nih.gov/pubmed/30871045
https://www.ncbi.nlm.nih.gov/pubmed/19586807
https://www.ncbi.nlm.nih.gov/pubmed/23253288
https://www.ncbi.nlm.nih.gov/pubmed/15942545
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 Citation Rationale 

9 Affenito SG. Breakfast: A Missed Opportunity. Journal of the American Dietetic Association. 2007;107(4):565-9. 
https://www.ncbi.nlm.nih.gov/pubmed/17383260. 

Study Design 

10 Afrasiabi A, Hassanzadeh S, Sattarivand R, Mahboob S. Effects of Ramadan fasting on serum lipid profiles on 2 
hyperlipidemic groups with or without diet pattern. Saudi Med J. 2003. 24:23-6 
https://www.ncbi.nlm.nih.gov/pubmed/12590268 

Daily Eating Occasions Not 
Reported, Country 

11 Afrasiabi A, Hassanzadeh S, Sattarivand R, Nouri M, Mahbood S. Effects of low fat and low calorie diet on plasma 
lipid levels in the fasting month of Ramadan. Saudi Med J. 2003. 24:184-8 
https://www.ncbi.nlm.nih.gov/pubmed/12682685 

Intervention/Exposure, Daily 
Eating Occasions Not Reported 

12 Agras WS, Hammer LD, McNicholas F, Kraemer HC. Risk factors for childhood overweight: a prospective study 
from birth to 9.5 years. J Pediatr. 2004. 145:20-5 https://www.ncbi.nlm.nih.gov/pubmed/15238901 

Intervention/Exposure, Daily 
Eating Occasions Not Reported 

13 Aila Gustafsson S, Edlund B, Kjellin L, Norring C. Risk and protective factors for disturbed eating in adolescent girls 
- aspects of perfectionism and attitudes to eating and weight. Eur Eat Disord Rev. 2009. 17:380-9 
https://www.ncbi.nlm.nih.gov/pubmed/19378349 

Intervention/Exposure, Daily 
Eating Occasions Not Reported 

14 Ajabnoor GM, Bahijri S, Borai A, Abdulkhaliq AA, Al-Aama JY, Chrousos GP. Health impact of fasting in Saudi 
Arabia during Ramadan: association with disturbed circadian rhythm and metabolic and sleeping patterns. PLoS 
One. 2014. 9:e96500 https://www.ncbi.nlm.nih.gov/pubmed/24810091 

Daily Eating Occasions Not 
Reported 

15 Ajabnoor GM, Bahijri S, Shaik NA, Borai A, Alamoudi AA, Al-Aama JY, Chrousos GP. Ramadan fasting in Saudi 
Arabia is associated with altered expression of CLOCK, DUSP and IL-1alpha genes, as well as changes in 
cardiometabolic risk factors. PLoS One. 2017. 12:e0174342 https://www.ncbi.nlm.nih.gov/pubmed/28384165 

Daily Eating Occasions Not 
Reported 

16 Akanji AO, Mojiminiyi OA, Abdella N. Beneficial changes in serum apo A-1 and its ratio to apo B and HDL in stable 
hyperlipidaemic subjects after Ramadan fasting in Kuwait. Eur J Clin Nutr. 2000. 54:508-13 
https://www.ncbi.nlm.nih.gov/pubmed/10878654 

Intervention/Exposure, Daily 
Eating Occasions Not Reported 

17 Akhan G, Kutluhan S, Koyuncuoglu HR. Is there any change of stroke incidence during Ramadan?. Acta Neurol 
Scand. 2000. 101:259-61 https://www.ncbi.nlm.nih.gov/pubmed/10770523 

Intervention/Exposure, Daily 
Eating Occasions Not Reported 

18 Akimoto-Gunther L, Hubler M, Santos M, Carolino I, Sonoo N, Botti B, Mota D, Takahachi G. Effects of re-education 
in eating habits and physical activity on the lipid profile of obese teenagers. Clin Chem Lab Med. 2002. 40:460-2 
https://www.ncbi.nlm.nih.gov/pubmed/12113288 

Study Design, 
Intervention/Exposure, Daily 
Eating Occasions Not Reported 

19 Aksungar FB, Eren A, Ure S, Teskin O, Ates G. Effects of intermittent fasting on serum lipid levels, coagulation 
status and plasma homocysteine levels. Ann Nutr Metab. 2005. 49:77-82 
https://www.ncbi.nlm.nih.gov/pubmed/15802901 

Intervention/Exposure, Daily 
Eating Occasions Not Reported 

https://www.ncbi.nlm.nih.gov/pubmed/17383260
https://www.ncbi.nlm.nih.gov/pubmed/12590268
https://www.ncbi.nlm.nih.gov/pubmed/12682685
https://www.ncbi.nlm.nih.gov/pubmed/15238901
https://www.ncbi.nlm.nih.gov/pubmed/19378349
https://www.ncbi.nlm.nih.gov/pubmed/24810091
https://www.ncbi.nlm.nih.gov/pubmed/28384165
https://www.ncbi.nlm.nih.gov/pubmed/10878654
https://www.ncbi.nlm.nih.gov/pubmed/10770523
https://www.ncbi.nlm.nih.gov/pubmed/12113288
https://www.ncbi.nlm.nih.gov/pubmed/15802901
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 Citation Rationale 

20 Aksungar FB, Sarikaya M, Coskun A, Serteser M, Unsal I. Comparison of Intermittent Fasting Versus Caloric 
Restriction in Obese Subjects: A Two Year Follow-Up. J Nutr Health Aging. 2017. 21:681-685 
https://www.ncbi.nlm.nih.gov/pubmed/28537332 

Study Design, Size of Study 
Groups 

21 Aksungar FB, Topkaya AE, Akyildiz M. Interleukin-6, C-reactive protein and biochemical parameters during 
prolonged intermittent fasting. Ann Nutr Metab. 2007. 51:88-95 https://www.ncbi.nlm.nih.gov/pubmed/17374948 

Daily Eating Occasions Not 
Reported 

22 Aktas MF, Mahler A, Hamm M, Perger G, Simon F, Westenhofer J, Luft FC, Boschmann M. Lifestyle interventions in 
Muslim patients with metabolic syndrome-a feasibility study. Eur J Clin Nutr. 2019. 73:805-808 
https://www.ncbi.nlm.nih.gov/pubmed/30538299 

Intervention/Exposure 

23 Al Assaad RG, Bachir R, El Sayed MJ. Impact of Ramadan on emergency department visits and on medical 
emergencies. Eur J Emerg Med. 2018. 25:440-444 https://www.ncbi.nlm.nih.gov/pubmed/28704270 

Daily Eating Occasions Not 
Reported 

24 Al Suwaidi J, Bener A, Hajar HA, Numan MT. Does hospitalization for congestive heart failure occur more frequently 
in Ramadan: a population-based study (1991-2001). Int J Cardiol. 2004. 96:217-21 
https://www.ncbi.nlm.nih.gov/pubmed/15262036 

Intervention/Exposure, Daily 
Eating Occasions Not Reported 

25 Alabduljader K, Cliffe M, Sartor F, Papini G, Cox WM, Kubis HP. Ecological momentary assessment of food 
perceptions and eating behavior using a novel phone application in adults with or without obesity. Eat Behav. 2018. 
30:35-41 https://www.ncbi.nlm.nih.gov/pubmed/29777968 

Intervention/Exposure 

26 Albertson AM, Franko DL, Thompson D, Eldridge AL, Holschuh N, Affenito SG, Bauserman R, Striegel-Moore RH. 
Longitudinal patterns of breakfast eating in black and white adolescent girls. Obesity. 2007. 15:2282-92 
https://www.ncbi.nlm.nih.gov/pubmed/17890497 

Daily Eating Occasions Not 
Reported 

27 Aldhoon-Hainerova I, Hainer V, Zamrazilova H. Impact of dietary intake, lifestyle and biochemical factors on 
metabolic health in obese adolescents. Nutr Metab Cardiovasc Dis. 2017. 27:703-710 
https://www.ncbi.nlm.nih.gov/pubmed/28693964 

Study Design 

28 Alencar MK, Beam JR, McCormick JJ, White AC, Salgado RM, Kravitz LR, Mermier CM, Gibson AL, Conn CA, 
Kolkmeyer D, Ferraro RT, Kerksick CM. Increased meal frequency attenuates fat-free mass losses and some 
markers of health status with a portion-controlled weight loss diet. Nutr Res. 2015. 35:375-83 
https://www.ncbi.nlm.nih.gov/pubmed/25862614 

Eating Frequency Data 
Collection 

29 Alfonsson S, Sewall A, Lidholm H, Hursti T. The Meal Pattern Questionnaire: A psychometric evaluation using the 
Eating Disorder Examination. Eat Behav. 2016. 21:7-10 https://www.ncbi.nlm.nih.gov/pubmed/26722817 

Study Design, Outcome 

https://www.ncbi.nlm.nih.gov/pubmed/28537332
https://www.ncbi.nlm.nih.gov/pubmed/17374948
https://www.ncbi.nlm.nih.gov/pubmed/30538299
https://www.ncbi.nlm.nih.gov/pubmed/28704270
https://www.ncbi.nlm.nih.gov/pubmed/15262036
https://www.ncbi.nlm.nih.gov/pubmed/29777968
https://www.ncbi.nlm.nih.gov/pubmed/17890497
https://www.ncbi.nlm.nih.gov/pubmed/28693964
https://www.ncbi.nlm.nih.gov/pubmed/25862614
https://www.ncbi.nlm.nih.gov/pubmed/26722817
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 Citation Rationale 

30 Alharbi TJ, Wong J, Markovic T, Yue D, Wu T, Brooks B, Hetherington J, Seimon R, Gibson AA, Toth K, Silviera S, 
Sainsbury A, Little TJ. Brief report: Ramadan as a model of intermittent fasting: Effects on body composition, 
metabolic parameters, gut hormones and appetite in adults with and without type 2 diabetes mellitus. Obesity 
Medicine. 2017. 6:15-17  

Daily Eating Occasions Not 
Reported 

31 Al-Hazzaa HM, Musaiger AO, Abahussain NA, Al-Sobayel HI, Alsulaiman NA, Tayyem RF, et al. Physical activity 
patterns and eating habits of adolescents living in major Arab cities. The Arab Teens Lifestyle Study. Saudi medical 
journal. 2010;31(2):210-1. https://www.ncbi.nlm.nih.gov/pubmed/20174744. 

Study Design 

32 Al-Hourani HM, Atoum MF. Body composition, nutrient intake and physical activity patterns in young women during 
Ramadan. Singapore Med J. 2007. 48:906-10 https://www.ncbi.nlm.nih.gov/pubmed/17909674 

Daily Eating Occasions Not 
Reported 

33 Alhussain M, Macdonald IA, Taylor MA. Deleterious effects of irregular meal pattern on dietary thermogenesis in 
obese women. Proceedings of the nutrition society. 2016. 75:E6 

Study Design, Publication Status 

34 Alhussain M, Taylor MA, MacDonald IA. Influence of the constancy of daily meal pattern on postprandial energy 
expenditure in healthy weight women. Proceedings of the nutrition society. 2015. 74: OCE1  

Study Design, Publication Status 

35 Alhussain MH, Macdonald IA, Taylor MA. Irregular meal-pattern effects on energy expenditure, metabolism, and 
appetite regulation: a randomized controlled trial in healthy normal-weight women. Am J Clin Nutr. 2016. 104:21-32 
https://www.ncbi.nlm.nih.gov/pubmed/27305952 

Eating Frequency Data 
Collection 

36 Ali Z, Abizari AR. Ramadan fasting alters food patterns, dietary diversity and body weight among Ghanaian 
adolescents. Nutr J. 2018. 17:75 https://www.ncbi.nlm.nih.gov/pubmed/30098591 

Daily Eating Occasions Not 
Reported, Country 

37 Alken J, Petriczko E, Marcus C. Effect of fasting on young adults who have symptoms of hypoglycemia in the 
absence of frequent meals. Eur J Clin Nutr. 2008. 62:721-6 https://www.ncbi.nlm.nih.gov/pubmed/17522614 

Intervention/Exposure, Daily 
Eating Occasions Not Reported, 
Comparator 

38 Alleman RJ, Harvey IC, Farney TM, Bloomer RJ. Both a traditional and modified Daniel Fast improve the cardio-
metabolic profile in men and women. Lipids Health Dis. 2013. 12:114 
https://www.ncbi.nlm.nih.gov/pubmed/23889755 

Comparator, Size of Study 
Groups 

39 Allerton DM, Campbell MD, Gonzalez JT, West DJ, Stevenson EJ. The effect of breakfast macronutrient content or 
skipping breakfast on 24h glucose profiles. Diabetic medicine. 2015. 32:55 (Suppl.1) 

Publication Status 

40 Allirot X, Saulais L, Seyssel K, Graeppi-Dulac J, Roth H, Charrie A, Drai J, Goudable J, Blond E, Disse E, Laville M. 
An isocaloric increase of eating episodes in the morning contributes to decrease energy intake at lunch in lean men. 
Physiol Behav. 2013. 110-111:169-78 https://www.ncbi.nlm.nih.gov/pubmed/23333553 

Daily Eating Occasions Not 
Reported 

https://www.ncbi.nlm.nih.gov/pubmed/20174744
https://www.ncbi.nlm.nih.gov/pubmed/17909674
https://www.ncbi.nlm.nih.gov/pubmed/27305952
https://www.ncbi.nlm.nih.gov/pubmed/30098591
https://www.ncbi.nlm.nih.gov/pubmed/17522614
https://www.ncbi.nlm.nih.gov/pubmed/23889755
https://www.ncbi.nlm.nih.gov/pubmed/23333553
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 Citation Rationale 

41 Allirot X, Seyssel K, Saulais L, Roth H, Charrie A, Drai J, Goudable J, Blond E, Disse E, Laville M. Effects of a 
breakfast spread out over time on the food intake at lunch and the hormonal responses in obese men. Physiol 
Behav. 2014. 127:37-44 https://www.ncbi.nlm.nih.gov/pubmed/24472321 

Daily Eating Occasions Not 
Reported 

42 Allison KC, Ahima RS, O’Reardon JP, Dinges DF, Sharma V, Cummings DE, Heo M, Martino NS, Stunkard AJ. 
Neuroendocrine profiles associated with energy intake, sleep, and stress in the night eating syndrome. J Clin 
Endocrinol Metab. 2005. 90:6214-7 https://www.ncbi.nlm.nih.gov/pubmed/16131578 

Study Design, 
Intervention/Exposure, Daily 
Eating Occasions Not Reported 

43 Almeneessier AS, Bahammam AS, Sharif MM, Bahammam SA, Nashwan SZ, Pandi Perumal SR, Cardinali DP, 
Alzoghaibi M. The influence of intermittent fasting on the circadian pattern of melatonin while controlling for caloric 
intake, energy expenditure, light exposure, and sleep schedules: A preliminary report. Ann Thorac Med. 2017. 
12:183-190 https://www.ncbi.nlm.nih.gov/pubmed/28808490 

Daily Eating Occasions Not 
Reported, Outcome, Size of 
Study Groups 

44 Almoosawi S, Prynne CJ, Hardy R, Stephen AM. Diurnal eating rhythms: association with long-term development of 
diabetes in the 1946 British birth cohort. Nutr Metab Cardiovasc Dis. 2013. 23:1025-30 
https://www.ncbi.nlm.nih.gov/pubmed/23541169 

Intervention/Exposure 

45 Almoosawi S, Prynne CJ, Hardy R, Stephen AM. Time-of-day and nutrient composition of eating occasions: 
prospective association with the metabolic syndrome in the 1946 British birth cohort. Int J Obes (Lond). 2013. 
37:725-31 https://www.ncbi.nlm.nih.gov/pubmed/22777542 

Intervention/Exposure, Daily 
Eating Occasions Not Reported 

46 Aloui A, Chaouachi A, Chtourou H, Wong del P, Haddad M, Chamari K, Souissi N. Effects of Ramadan on the 
diurnal variations of repeated-sprint performances. Int J Sports Physiol Perform. 2013. 8:254-62 
https://www.ncbi.nlm.nih.gov/pubmed/22952200 

Daily Eating Occasions Not 
Reported, Outcome 

47 Al-Ozairi E, Al Kandari J, AlHaqqan D, AlHarbi O, Masters Y, Syed AA. Obesity surgery and Ramadan: a 
prospective analysis of nutritional intake, hunger and satiety and adaptive behaviours during fasting. Obes Surg. 
2015. 25:523-9 https://www.ncbi.nlm.nih.gov/pubmed/25595382 

Health Status 

48 Al-Shafei AI. Ramadan fasting ameliorates arterial pulse pressure and lipid profile, and alleviates oxidative stress in 
hypertensive patients. Blood Press. 2014. 23:160-7 https://www.ncbi.nlm.nih.gov/pubmed/24059637 

Intervention/Exposure, Daily 
Eating Occasions Not Reported 

49 Alsharairi NA, Somerset SM. Skipping breakfast in early childhood and its associations with maternal and child BMI: 
a study of 2-5-year-old Australian children. Eur J Clin Nutr. 2016. 70:450-5 
https://www.ncbi.nlm.nih.gov/pubmed/26508462 

Daily Eating Occasions Not 
Reported 

50 Alsubheen SA, Ismail M, Baker A, Blair J, Adebayo A, Kelly L, Chandurkar V, Cheema S, Joanisse DR, Basset FA. 
The effects of diurnal Ramadan fasting on energy expenditure and substrate oxidation in healthy men. Br J Nutr. 
2017. 118:1023-1030 https://www.ncbi.nlm.nih.gov/pubmed/29198194 

Daily Eating Occasions Not 
Reported 

https://www.ncbi.nlm.nih.gov/pubmed/24472321
https://www.ncbi.nlm.nih.gov/pubmed/16131578
https://www.ncbi.nlm.nih.gov/pubmed/28808490
https://www.ncbi.nlm.nih.gov/pubmed/23541169
https://www.ncbi.nlm.nih.gov/pubmed/22777542
https://www.ncbi.nlm.nih.gov/pubmed/22952200
https://www.ncbi.nlm.nih.gov/pubmed/25595382
https://www.ncbi.nlm.nih.gov/pubmed/24059637
https://www.ncbi.nlm.nih.gov/pubmed/26508462
https://www.ncbi.nlm.nih.gov/pubmed/29198194
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 Citation Rationale 

51 Alwasel SH, Abotalib Z, Aljarallah JS, Osmond C, Alkharaz SM, Alhazza IM, Harrath A, Thornburg K, Barker DJ. 
Sex differences in birth size and intergenerational effects of intrauterine exposure to Ramadan in Saudi Arabia. Am 
J Hum Biol. 2011. 23:651-4 https://www.ncbi.nlm.nih.gov/pubmed/21630372 

Daily Eating Occasions Not 
Reported, Outcome 

52 Alwasel SH, Harrath A, Aljarallah JS, Abotalib Z, Osmond C, Al Omar SY, Khaled I, Barker DJ. Intergenerational 
effects of in utero exposure to Ramadan in Tunisia. Am J Hum Biol. 2013. 25:341-3 
https://www.ncbi.nlm.nih.gov/pubmed/23436278 

Daily Eating Occasions Not 
Reported, Outcome 

53 Alwattar AY, Thyfault JP, Leidy HJ. The effect of breakfast type and frequency of consumption on glycemic 
response in overweight/obese late adolescent girls. Eur J Clin Nutr. 2015. 69:885-90 
https://www.ncbi.nlm.nih.gov/pubmed/25711955 

Intervention/Exposure, Daily 
Eating Occasions Not Reported 

54 Amigo-Vazquez I, Busto-Zapico R, Errasti-Perez JM, Pena-Suarez E. Skipping breakfast, sedentarism and 
overweight in children. Psychol Health Med. 2016. 21:819-26 https://www.ncbi.nlm.nih.gov/pubmed/26728102 

Study Design, Daily Eating 
Occasions Not Reported 

55 Ammerman A, Leung MM, Cavallo D. Addressing disparities in the obesity epidemic. N C Med J. 2006. 67:301-4 
https://www.ncbi.nlm.nih.gov/pubmed/17066662 

Intervention/Exposure 

56 Amodio D, D’Amico M, Meret L, Gaizo A, Laviano A. Time restricted feeding (TRF) enhances weight loss efficiency 
in dietary restricted women with metabolic syndrome. Clinical nutrition. 2016. 35:S39‐  

Study Design, Publication Status 

57 Amosa T, Rush E, Plank L. Frequency of eating occasions reported by young New Zealand Polynesian and 
European women. Pac Health Dialog. 2001. 8:59-65 https://www.ncbi.nlm.nih.gov/pubmed/12017838 

Study Design 

58 Andersen AE, Klinger D. The overeater self and the healthy self within. Eating Disorders. 2002. 10:87-91  Study Design 

59 Andersen GS, Stunkard AJ, Sorensen TI, Petersen L, Heitmann BL. Night eating and weight change in middle-aged 
men and women. Int J Obes Relat Metab Disord. 2004. 28:1338-43 https://www.ncbi.nlm.nih.gov/pubmed/15278102 

Intervention/Exposure, Daily 
Eating Occasions Not Reported 

60 Anderson YC, Wynter LE, Butler MS, Grant CC, Stewart JM, Cave TL, Wild CE, Derraik JG, Cutfield WS, Hofman 
PL. Dietary Intake and Eating Behaviours of Obese New Zealand Children and Adolescents Enrolled in a 
Community-Based Intervention Programme. PLoS One. 2016. 11:e0166996 
https://www.ncbi.nlm.nih.gov/pubmed/27880804 

Intervention/Exposure, Daily 
Eating Occasions Not Reported 

61 Andersson I, Lennernas M, Rossner S. Meal pattern and risk factor evaluation in one-year completers of a weight 
reduction program for obese men - the ‘Gustaf’ study. J Intern Med. 2000. 247:30-8 
https://www.ncbi.nlm.nih.gov/pubmed/10672128 

Outcome 

62 Androutsos O, Moschonis G, Mavrogianni C, Roma-Giannikou E, Chrousos GP, Kanaka-Gantenbein C, Manios Y. 
Identification of lifestyle patterns, including sleep deprivation, associated with insulin resistance in children: the 
Healthy Growth Study. Eur J Clin Nutr. 2014. 68:344-9 https://www.ncbi.nlm.nih.gov/pubmed/24424081 

Study Design 

https://www.ncbi.nlm.nih.gov/pubmed/21630372
https://www.ncbi.nlm.nih.gov/pubmed/23436278
https://www.ncbi.nlm.nih.gov/pubmed/25711955
https://www.ncbi.nlm.nih.gov/pubmed/26728102
https://www.ncbi.nlm.nih.gov/pubmed/17066662
https://www.ncbi.nlm.nih.gov/pubmed/12017838
https://www.ncbi.nlm.nih.gov/pubmed/15278102
https://www.ncbi.nlm.nih.gov/pubmed/27880804
https://www.ncbi.nlm.nih.gov/pubmed/10672128
https://www.ncbi.nlm.nih.gov/pubmed/24424081
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 Citation Rationale 

63 Anton SD, Lee SA, Donahoo WT, McLaren C, Manini T, Leeuwenburgh C, et al. The Effects of Time Restricted 
Feeding on Overweight, Older Adults: A Pilot Study. Nutrients. 2019;11(7). 
https://www.ncbi.nlm.nih.gov/pubmed/31262054. 

Daily Eating Occasions Not 
Reported 

64 Antoni R, Johnston K, Collins A, Robertson M. The comparative effects of intermittent versus continuous energy 
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