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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
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
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INTRODUCTION

This document describes a systematic review conducted to answer the following question:
What is the relationship between dietary patterns consumed and bone health? 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, used in conducting systematic
reviews for the 2020 Dietary Guidelines Advisory Committee is available on the NESR
website: https://nesr.usda.gov/2020-dietary-quidelines-advisory-committee-systematic-
reviews. In addition, starting on page 27, 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 8. Dietary Patterns.
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WHAT IS THE RELATIONSHIP BETWEEN DIETARY PATTERNS
CONSUMED AND BONE HEALTH?
-

PLAIN LANGUAGE SUMMARY

What is the question?

e The question is: What is the relationship between dietary patterns consumed and
bone health?

What is the answer to the question?

e Moderate evidence indicates that a dietary pattern higher in fruits, vegetables,
legumes, nuts, low-fat dairy, whole grains, and fish, and lower in meats (particularly
processed meats), sugar sweetened beverages, and sweets is associated with
favorable bone health outcomes in adults, primarily decreased risk of hip fracture.

¢ Insufficient evidence is available to determine the relationship between dietary
patterns consumed during childhood and bone health.

Why was this question asked?

e 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?

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

o Dietary patterns were 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.

What is the population of interest?
e Children and adults, ages 2 years and older
What evidence was found?

This review update includes 9 studies: 7 in adults and 2 in children/adolescents.
Children/adolescents:

o The 2020 Committee could not draw a conclusion due to limitations in and

lack of evidence.
Adults:

o Dietary patterns consumed by adults were associated with favorable bone
health in most studies. These dietary patterns were higher in fruits,
vegetables, legumes, nuts, low-fat dairy, whole grains, and fish, and lower in
meats, sugar sweetened beverages, and sweets.

o Key limitations in study design and conduct of the included articles were
identified. This includes not accounting for potential confounders or changes
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in diet over time, and missing or incomplete data.
o The 2020 Committee updates and strengthens the conclusion drawn by the
2015 Committee.

How up-to-date is this systematic review?
e The update to the existing review searched for studies published from January,

2014 to November, 2019, and updated an existing systematic review that included
evidence from January, 2000 to January, 2014.



TECHNICAL ABSTRACT

Background

e 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.

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

e The goal of this systematic review was to examine the following question: What is
the relationship between dietary patterns consumed and bone health?

Conclusion statements and grades

e Moderate evidence indicates that a dietary pattern higher in fruits, vegetables,
legumes, nuts, low-fat dairy, whole grains, and fish, and lower in meats (particularly
processed meats), sugar sweetened beverages, and sweets is associated with
favorable bone health outcomes in adults, primarily decreased risk of hip fracture.
(Grade: Adults — Moderate)

¢ Insufficient evidence is available to determine the relationship between dietary
patterns consumed during childhood and bone health. (Grade: Children — Grade not
assignable)

Methods

e Two literature searches were conducted using 3 databases (PubMed, Cochrane,
Embase) to identify articles that evaluated the intervention or exposure of dietary
patterns consumed and the outcomes of bone health. A manual search was
conducted to identify articles that may not have been included in the electronic
databases searched. Articles were screened by two NESR analysts independently
for inclusion based on pre-determined criteria.

e 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.

e Dietary patterns were 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.

Summary of the evidence

e This systematic review update includes nine prospective cohort studies (PCSs) that
examined the relationship between dietary patterns and bone health, met inclusion
criteria, and were published between January 2014 and November 2019.

o Seven studies examined dietary patterns consumed by adults and bone
health in older adults.
o Two articles from the same study were conducted that examined dietary
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patterns consumed by children and adolescents and bone health outcomes
after a 4-year follow-up (approximately age 17 years).

The direction and magnitude of effect across the body of evidence was consistent,
pointing to healthier dietary patterns leading to a reduced risk of hip fractures. The
studies in adults had large analytic sample sizes with a sufficient number of hip
fracture cases occurring over follow-up to examine associations. Although the
search strategy included other bone health outcomes, the eligible studies looked
only at fractures (mainly hip) and forearm bone mineral density (in adolescents).
The body of evidence consistently had risks of bias, including lack of adjustment for
all potential confounders and a lack of accounting for possible changes in dietary
intake that may have occurred over follow-up.

This systematic review updates and builds upon an existing systematic review from
the 2015 Dietary Guidelines Advisory Committee, which previously determined that
limited evidence suggests a relationship between dietary patterns and bone health
in adults. In that previous review, a grade was not assignable in children and
adolescents due to limited evidence from a small number of studies with wide
variation in study design, dietary assessment methodology, and bone health
outcomes.

o Based on the 7 additional studies in this update to the existing review
examining dietary patterns consumed by adults, moderate evidence is now
available to indicate a significant relationship between dietary patterns and
risk of hip fracture in older adults.

o Based on the 2 additional studies in this update to the existing review
examining dietary patterns consumed by children or adolescents, no change
is warranted in the level of evidence to evaluate the relationship between
dietary patterns and bone health in children.

o Although the number of recent studies is modest, they are consistent in how
dietary intake was evaluated, in magnitude of effect reported, and in
evaluated outcome.
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FULL REVIEW

Systematic review question
What is the relationship between dietary patterns consumed and bone health?

Conclusion statements and grades

Moderate evidence indicates that a dietary pattern higher in fruits, vegetables, legumes,
nuts, low-fat dairy, whole grains, and fish, and lower in meats (particularly processed
meats), sugar sweetened beverages, and sweets is associated with favorable bone
health outcomes in adults, primarily decreased risk of hip fracture. (Grade: Adults —
Moderate)

Insufficient evidence is available to determine the relationship between dietary patterns
consumed during childhood and bone health. (Grade: Children — Grade not assignable)

Summary of the evidence

e This systematic review update includes nine prospective cohort studies (PCSs)
that examined the relationship between dietary patterns and bone health, met
inclusion criteria, and were published between January 2014 and November
2019.

o Seven studies examined dietary patterns consumed by adults and bone
health in older adults.'”

o Two articles from the same study were conducted that examined dietary
patterns consumed by children and adolescents and bone health
outcomes after a 4-year follow-up (approximately age 17 years).89

e The direction and magnitude of effect across the body of evidence was
consistent, pointing to healthier dietary patterns leading to a reduced risk of hip
fractures. The studies in adults had large analytic sample sizes with a sufficient
number of hip fracture cases occurring over follow-up to examine associations.
Although the search strategy included other bone health outcomes, the eligible
studies looked only at fractures (mainly hip) and forearm bone mineral density
(in adolescents).

e The body of evidence consistently had risks of bias, including lack of adjustment
for all potential confounders and a lack of accounting for possible changes in
dietary intake that may have occurred over follow-up.

e This systematic review updates and builds upon an existing systematic review
from the 2015 Dietary Guidelines Advisory Committee, which previously
determined that limited evidence suggests a relationship between dietary
patterns and bone health in adults. In that previous review, a grade was not
assignable in children and adolescents due to limited evidence from a small
number of studies with wide variation in study design, dietary assessment

i Dietary Guidelines Advisory Committee. Scientific Report of the 2015 Dietary Guidelines Advisory
Committee: Advisory Report to the Secretary of Health and Human Services and the Secretary of
Agriculture. US Department of Agriculture, Agricultural Research Service. https://health.gov/our-
work/food-nutrition/2015-2020-dietary-quidelines/advisory-report. Published 2015. Accessed July 9,
2020.
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methodology, and bone health outcomes.

o Based on the 7 additional studies in this update to the existing review
examining dietary patterns consumed by adults, moderate evidence is
now available to indicate a significant relationship between dietary
patterns and risk of hip fracture in older adults.

o Based on the 2 additional studies in this update to the existing review
examining dietary patterns consumed by children or adolescents, no
change is warranted in the level of evidence to evaluate the relationship
between dietary patterns and bone health in children.

o Although the number of recent studies is modest, they are consistent in
how dietary intake was evaluated, in magnitude of effect reported, and in
evaluated outcomes

Description of the evidence

This systematic review update includes seven PCSs in adults’” and two PCSs in
adolescents®? that examined the relationship between dietary patterns and bone
health, met inclusion criteria, and were published between January 2014 and
November 2019.

Population/participant characteristics

The studies included in this systematic review were conducted in Sweden,?’ the
Netherlands,® the United States,*® Portugal,®® and one study spanning four different
cohorts in three countries (Greece, Sweden and the United States).” Three studies
contain data from the same cohort in Sweden'?7 but examined different dietary
patterns in relation to bone health (hip fracture). Sample size of the studies was large
for adults, ranging from 4,028 to 140,775 participants and relatively smaller in
adolescents, ranging from 1,007 to 1,023 participants. The adult studies enrolled older
participants, and mean age of participants at baseline ranged from approximately 53
years to 66 years. The papers in adolescents had a mean age at baseline of 13
years.8?

A few studies excluded participants with a previous hip fracture®#?® or with history of
cancer at baseline?*®” and one excluded those with a history of cardiovascular
disease at baseline.? Despite these exclusions, studies included participants who were
reflective of the general population (e.g., healthy and/or at risk of chronic disease, or
diagnosed with a chronic disease).

Intervention/exposure

Included studies examined dietary patterns using a variety of methods. Four studies
examined adherence to dietary patterns using different indices or scores.”?5¢ Two
studies examined patterns by factor and cluster analysis,*” and one study identified
dietary patterns using reduced rank regression.3 For the two papers in adolescents,
one utilized indices or scores® and the other analyzed patterns with a factor and cluster
analysis.®

Dietary intake was assessed using validated food frequency questionnaires (FFQs) in
all studies. Most studies assessed diet once at baseline, 38 though one study
collected 2 FFQs during follow-up,” and two studies evaluated diet by collecting FFQs
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multiple times during the period of long follow-up.*® Both adolescent studies assessed
dietary intake once at baseline using an FFQ.8°

Outcome assessment

All included adult studies examined risk of hip fracture, with follow-up ranging from 13
to 32 years. In addition to evaluating risk of hip fractures, one study evaluated
osteoporotic fractures,® and one looked at total fracture risk.® No studies that met
inclusion criteria examined intermediate outcomes (e.g., bone mineral density) in
adults, osteoporosis, or rickets. Both studies conducted in adolescents focused on
bone mineral density (BMD).8°

Evidence synthesis
Description of the results

Results reported by the included studies examining dietary patterns consumed by
adults were consistent overall (Table 1). Byberg et al? reported that for Swedish adults
that scored higher on the modified Mediterranean diet (MMED) score at mean age 60
years, their risk of hip fracture was lower after up to 15 years of follow-up. Similarly,
Fung et al® found that better adherence to the Alternative Healthy Eating Index — 2010
(AHEI-2010) index resulted in reduced risk of hip fracture in women age 55 years, after
about 32 years of follow-up. When stratifying by age in this same study, there was a
significant reduction in risk of hip fracture with higher adherence to the AHEI-2010,
alternate Mediterranean diet score (aMED), and Dietary Approaches to Stop
Hypertension (DASH) scores in women under age 75 years.® However, there were no
significant associations between the three scores (AHEI-2010, aMED, DASH) and hip
fracture risk in men regardless of age stratification.® There was also a significant
relationship between a higher aMED score and reduced hip fracture risk in Haring et
al,® in women age 64 years over a 16 year follow-up.

Fung and Feskanich* identified two dietary patterns using factor analysis (“prudent”
and “western”), but found no significant association between adherence to these
patterns and risk of hip fracture or total fracture. Similar patterns (“healthy” and
“western”) were identified through factor analysis by Warensjo Lemming et al” and
greater adherence to the “healthy pattern” was significantly associated with a reduced
risk of hip fracture at age 53 years after 25 years of follow-up, whereas, better
adherence to the “western pattern” was associated with higher hip fracture risk. Of the
dietary patterns determined by reduced rank regression by De Jonge et al,® only one
(“sweets, animal fat, and low meat pattern”) was inversely associated with risk of
osteoporotic fractures and hip fractures. The “fruit, vegetables, and dairy pattern” was
not significantly associated with risk of hip or osteoporotic fractures at age 66 years
after up to 15 years of follow-up.3

In the study that evaluated adherence to the modified Mediterranean diet score
(mMDS) in five different cohorts separately’ in Greece, Sweden and the United States
only in the Swedish Mammography Cohort was an increased mMDS score found to
reduce hip fracture risk. There were no significant associations in the other four
cohorts (EPIC-Elderly Greece, EPIC-Elderly Umea, Cohort of Swedish Men, and the
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Nurses’ Health Study) with mMDS adherence and hip fracture risk.

Of the two studies conducted in adolescents, the first® found no significant association
between adherence to the Mediterranean Diet Quality Index for Children and
Adolescents (KIDMED) or DASH score at age 13 years and BMD changes during a 4
year follow-up in girls and boys. Factor analysis was used in the second study® to
identify four dietary patterns. Results showed that greater adherence to a “lower
intake” pattern compared to a “healthier” pattern was significantly associated with
reduced BMD annually over four years in girls, but not boys. There was no significant
association between the “dairy products” pattern or “fast food and sweets” pattern
compared to a “healthier” pattern and annual changes in BMD in boys or girls.

Assessment of the evidence'

This systematic review update included seven studies that examined dietary patterns
consumed by adults and two studies that examined dietary patterns consumed during
childhood/adolescence that met inclusion criteria, and all were prospective cohort
observational studies. The studies were variable in duration of follow-up and although
a variety of patterns were assessed, included components were similar across the
studies. There was consistency in how dietary intake was evaluated, in magnitude of
effect of reported results, direction of results, and in evaluated outcomes. Based on
this assessment, a conclusion was drawn indicating that moderate evidence suggests
a significant association between dietary patterns consumed by adults and bone health
(primarily hip fracture risk).

Multiple databases were used to obtain publications from a large, comprehensive
search. Studies with varying sample sizes were included. Therefore, this risk of
publication bias is low. As outlined and described below, the body of evidence was
assessed for the following elements used when grading the strength of evidence.

¢ Risk of bias: The included studies had a number of potential risks of bias that
may have influenced study results (Table 1, Table 2). While studies accounted
for a number of potential confounders, they did not account for all key
confounders, such as race/ethnicity, socioeconomic status, and vitamin D
status. All studies examined dietary patterns at least once (at baseline),
however, over half of studies in adults did not account for possible changes in
dietary intake that may have occurred over follow-up. In addition, aside from the
papers conducted in adolescents, the studies primarily enrolled older
individuals, and did not account for dietary patterns consumed or variability of
consumption earlier in life. There was inconsistency across studies with regards
to accounting for missing data and data on non-completers, either from
participants that were lost to follow-up or criteria used when selecting

i A detailed description of the methodology used for grading the strength of the evidence is available on
the NESR website: https://nesr.usda.gov/2020-dietary-quidelines-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.
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participants into the analyses. Finally, because these were all observational
studies, often with decades long follow-ups, published analytic plans were not
available for any of the included articles, and therefore, the risk is unclear of
potential a priori analytical plans and/or selective outcome reporting.

e Consistency: The direction and magnitude of effect across the body of
evidence were mostly consistent. The majority of studies reported at least one
significant association between adherence to a dietary pattern and risk of hip
fracture (or bone mineral density in adolescents). In general, healthier patterns
led to a significant reduction in hip fracture risk and those patterns classified as
less healthy were significantly associated with increased risk of hip fracture.
Magnitude of these effects was consistent. However, these results were not
always consistent by gender or age group. There were also multiple patterns
that yielded insignificant results for changes in bone health outcomes.

e Directness: The populations, intervention, comparators, and outcomes of
interest in the included studies are directly related to the systematic review
question.

e Precision: Power analyses or sample size calculations were not reported in the
included studies, which were all observational. However, the majority had large
analytic sample sizes with a large number of fracture cases occurring during
follow-up. Sample sizes were considerably smaller in the two studies conducted
in adolescents, but both still had over 1000 participants. The width of
confidence intervals were narrow, pointing to a degree of precision within the
body of evidence.

Generalizability: The study participants, exposures, comparators, and
outcomes examined in the body of evidence may be generalizable to the adult
U.S. population overall due to a large proportion of the participants being from
the U.S. and populations similar to the U.S., e.g., Sweden, Greece,
Netherlands. Whereas, the studies addressing children were exclusively from
Portugal which may limit generalizability to the U.S.

This systematic review updates the conclusion drawn by the 2015 Dietary
Guidelines Advisory Committee." The 2015 Advisory Committee concluded that,
“Limited evidence suggests that a dietary pattern higher in vegetables, fruits, grains,
nuts, and dairy products, and lower in meats and saturated fat, is associated with
more favorable bone health outcomes in adults, including decreased risk of fracture
and osteoporosis, as well as improved bone mineral density. Although a growing
number of studies are examining the relationship between dietary patterns and bone
health in adults, the number of high-quality studies is modest and those available
employ a wide range of methodologies in study design, dietary assessment
techniques, and varying bone health outcomes. (Grade: Limited).” In that previous
review, a grade was not assignable in children and adolescents due to limited
evidence from a small number of studies with wide variation in study design, dietary

v Dietary Guidelines Advisory Committee. Scientific Report of the 2015 Dietary Guidelines Advisory
Committee: Advisory Report to the Secretary of Health and Human Services and the Secretary of
Agriculture. US Department of Agriculture, Agricultural Research Service. https://health.gov/our-
work/food-nutrition/2015-2020-dietary-quidelines/advisory-report. Published 2015. Accessed July 9,

2020.
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assessment methodology and bone health outcomes. These conclusions were
based on 2 RCTs and 11 PCSs published between 2000 and 2014. In this update
on papers published between 2014 and 2019, there are 7 additional studies
examining dietary patterns consumed by adults that show there is now moderate
evidence to suggest that there is a significant relationship between dietary patterns
and risk of hip fracture in adults. Based on the 2 additional studies in this update to
the existing review examining dietary patterns consumed by children or
adolescents, there is no change in the strength of evidence available to evaluate the
relationship between dietary patterns and bone health in children or adolescents.

Research recommendations

In order to better assess the relationship between dietary patterns and bone health,
future research may:

1. Examine dietary patterns more comprehensively with a broader group of bone
health outcomes, i.e., osteoporosis, osteopenia, rickets, and broader fractures (in
addition to hip fractures)

2. Include diverse populations varying not only by race/ethnicity, but also by age (i.e.,
children, adolescents, and young adults), socioeconomic background, and health
status.

3. Explore the role of dietary fiber and other individual elements within dietary patterns
beyond sources of calcium and vitamin D that might be contributing to the
association between dietary patterns and bone health

4. Consider the role of vitamin D in the relationship between dietary patterns and
bone health, as the current review is lacking this information (as either a mediator
or confounder) in the causal pathway.

5. Evaluate additional factors that might increase bone health risk and influence the
dietary pattern in order to inform analytic plans and data collection

6. Examine broader dietary patterns inclusive of foods associated with positive bone
health and negatively associated with bone health.
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Study and Participant

Dietary Pattern

Table 1. Description of studies that examined the relationship between dietary patterns and bone health"

Methodological

Characteristics "
Benetou, 2018’

Greece, Sweden, United States
EPIC-Elderly Greece, EPIC-Elderly
Umea, Cohort of Swedish Men
(COSM), Swedish Mammography
Cohort (SMC), Nurse’s Health Study
(NHS)

Prospective Cohort Studies

N=140,775 (N=9,534 for EPIC-Elderly
Greece, N=3,276 for EPIC-Elderly
Umea, N=19,240 for COSM,
N=17,173 for SMC, N=91,552 for
NHS)

83% female (60% female for EPIC-
Elderly Greece, 53% female for EPIC-
Elderly Umea, 0% female for COSM,
100% female for SMC and NHS),
excluded those with a previous hip
fracture or data missing on hip
fracture in f/u

Index/Score:
Modified Mediterranean diet score
(mMDS) components:

Vegetables, legumes, fruits, cereals,
fish, meat and dairy products,
monounsaturated lipids, ethanol
(excluded nuts)

EPIC-Elderly Greece
e Hip fracture risk at f/u: NS

EPIC-Elderly Umea
o Hip fracture risk at f/u: NS

COSM
e Hip fracture risk at f/u: NS

SMC (HR, 95% CI)
e Hip fracture risk at f/u: 0.93 (0.88,
0.98)

NHS
e Hip fracture risk at f/u: NS

Considerations

Key confounders accounted
for:

Sex

Age

Marital status, Education

BMI, height

Smoking

Alcohol

Physical activity

Other: Energy intake, history
of comorbidity

Limitations:

¢ Did not account for:
race/ethnicity, vitamin D
status, calcium
supplements, estrogen
replacement therapy

e Diet assessed only once

at baseline

e No information on non-
completers

e No preregistered data
analysis plan

v Abbreviations: BMD, Bone mineral density; BMI, Body mass index; Cl, Confidence interval; CVD, Cardiovascular disease; DASH, Dietary Approaches to Stop
Hypertension; EPIC, European Investigation into Cancer and Nutrition; EPITeen, Epidemiological Health Investigation of Teenagers in Portugal; f/u, follow-up;
KIDMED, Mediterranean Diet Quality Index for children and adolescents; NS, Not significant; OHS, Oslo Health Study; Q, quartile; Ref, Reference; RR,

Relative risk; y, year(s)

¥ Includes last name of first author, publication year, country, analytic sample size, and select participant characteristics.
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Study and Participant Dietary Pattern Results Methodological

Characteristics " Considerations
Byberg, 20162 Index/score: mMED at 60y (categorical, continuous) Key confounders accounted
Modified Mediterranean diet score and hip fracture after up to 15y flu (HR,  for:

Sweden, Cohort of Swedish Men and ~ (MMED) at 60y 95% CI): Sex

Swedish Mammography Cohort e Positive components: Fruit and e 0-2pts, n=749: HR: 1.00 Age

Prospective Cohort Study vegetables, legumes and nuts, non- e 3-5 pts, n=1,975: 0.88 (0.80, 0.96)  Education
refined or high-fiber grains, e 6-8 pts, n=451: 0.78 (0.69, 0.89) BMI and height

N=71,333 fermented dairy products, fish, use of Smoking

47% female, 60y, excluded those with olive or rapeseed oil Continuous (per pt increase), n=3,175: Alcohol intake

missing data, CVD or cancer before e Neutral components: Alcohol 0.94 (0.92, 0.96) Physical activity

baseline e Negative components: Red and Vitamin D status
processed meat (supplements and dietary

intake)

Calcium supplements and
dietary intake

Other: Diabetes, living alone,
total energy intake, retinol
intake, Charlson comorbidity
index

Limitations:

¢ Did not account for:
race/ethnicity, estrogen
replacement therapy

e Diet assessed only once
at baseline

¢ No information on non-
completers

e No preregistered data
analysis plan

De Jonge, 20173 Reduced rank regression: “Fruit, vegetables, and dairy” pattern at Key confounders accounted
Four dietary patterns were identified 66y (continuous): for:

The Netherlands, Rotterdam Study, using the following response - . Sex

Prospective Cohort Study variables: femoral neck bone . O_steoporotlc fractures e'1t 13y flu: NS Age
mineral density, bone width, section ® Hip fractures at 15y flu: NS Education, Income

N=4,028 modulus, and cortical bucking ratio. Body weight and height
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Study and Participant
Characteristics "

Dietary Pattern Results

“Sweets, animal fat, and low meat”

Methodological
Considerations
Smoking

53% female, 66y (>50y), excluded
those with missing or unreliable data

Only 2 that explained the most
variance were used in this analysis.

pattern at 66y (continuous) (HR, 95%
Cl):

e “Fruit, vegetables, and dairy” o
pattern: Higher loadings for fruits,
vegetables, milk, yogurt, and lower o
loadings for sweets, animal fats

1.10, (1.06, 1.15), p<0.05
Hip fractures at 15 y f/u: 1.10,
(1.06, 1.15), p<0.05

e “Sweets, animal fat, and low meat”
pattern: Higher loadings for refined
grains, sweets, animal fats, porridge,
and lower loadings for soy, meat,
poultry

Osteoporotic fractures at 13 y f/u:

Physical activity
Vitamin D status
Estrogen replacement therapy

Other: Total energy intake,
use of lipid-lowering drugs,
type 2 diabetes, disability, age
at menopause, anti-
hypertensive drugs, bone
mineral density/ width/ section
modulus/ buckling ratio

Limitations:

¢ Did not account for:
race/ethnicity, alcohol
intake, calcium
supplements

e Diet assessed only once

at baseline

e No information on non-
completers

e No preregistered data
analysis plan

Fung, 2015%

United States, Nurses’ Health Study
and Health Professionals Follow-up
Study

Prospective Cohort Study

N=112,845

66% female, ~55y (30-75y), excluded
those with a previously reported hip
fracture, diagnosis of cancer,

Factor/Cluster: “Prudent” pattern:
Two dietary patterns were identified: e Hip fracture at ~20 y f/u: NS

e “Prudent’: characterized by higher
intake of fruits, vegetables, whole .
grains, poultry, and low fat dairy
products

“Western” pattern:
Hip fracture at ~20 y f/lu: NS

“Western”: characterized by higher intake
of red and processed meats, refined

Key confounders accounted
for:

Age

Sex

BMI

Race/ethnicity

Smoking

Physical activity

Calcium supplements
Post-menopausal hormone
use (women)
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Study and Participant

Dietary Pattern

Results

Methodological

Characteristics "
diagnosed osteoporosis, or non-white
race/ethnicity, missing dietary data

grains, sweets and desserts and full fat
dairy products

Considerations

Other: Energy intake,
thiazides, lasix, anti-
inflammatory steroids,
multivitamin supplements

Limitations:

¢ Did not account for:
socioeconomic status,
vitamin D status

e A posteriori method used
to identify dietary patterns

¢ No information on non-
completers

e No preregistered data
analysis plan

Fung, 2018°

United States, Nurses’ Health Study
and Health Professionals Follow-up
Study

Prospective Cohort Study

N=111,048

67% female, ~55y (30-75y), excluded
those with a previously reported hip
fracture, diagnosis of cancer,
diagnosed osteoporosis, or non-white
race/ethnicity

Index/Score:

Alternative Healthy Eating Index 2010

(AHEI-2010)

e Positive components: vegetables,
whole fruits, nuts and legumes,
whole grains, polyunsaturated fat,
and long chain n-3 fatty acids

e Negative components: red and
processed meats, sugar sweetened
beverages and fruit juice, trans fat,
and sodium

alternate Mediterranean diet score

(aMED)

e Positive components: vegetables,
fruits, whole grains, nuts, legumes,
fish, monounsaturated-to-saturated
fat ratio

¢ Negative components: Red and
processed meat

WOMEN

AHEI-2010

e Hip fracture at ~32y f/lu (RR, 95%
Cl):
o Q1,n=423:1.00

o Q2,n=406: 1.00 (0.88, 1.14), NS
o Q3,n=390: 1.01 (0.89, 1.14), NS
o Q4,n=323:0.93 (0.81, 1.06), NS
o @5, n=316: 0.87 (0.75, 1.00)
o p-trend=0.02

aMED

e Hip fracture at ~32y f/lu: NS

DASH
e Hip fracture at ~32y f/u:
o Q1,n=333:1.00
o Q2,n=471:1.19 (1.03, 1.37)
o Q3,n=468:1.12 (0.96, 1.29), NS

Key confounders accounted
for:

Age

Sex

BMI, height

Race/ethnicity

Smoking

Alcohol

Physical activity

Vitamin D status

Calcium supplements
Post-menopausal hormone
use (women)

Other: Thiazides, Lasix, anti-
inflammatory steroids,
multivitamins, retinol
supplements, caffeine intake,
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Dietary Pattern

Results

Methodological

Characteristics"i

Dietary Approaches to Stop

Hypertension (DASH) score

e Positive components: fruits,
vegetables, nuts and legumes, whole
grains, and low-fat dairy products.

e Negative components: red and
processed meats, sodium, and sugar
sweetened beverages

o Q4,n=434:0.99 (0.85, 1.15), NS
o Q5,n=437:0.95(0.81, 1.11), NS
o p-trend=0.03

o Stratified by age (< or >75y), hip
fracture risk significantly
decreased as all three scores
increased in women <75y

MEN
AHEI-2010, aMED, DASH:
e Hip fracture at ~32y f/lu: NS

Considerations
sugar sweetened beverages
(aMed), history of diabetes

Limitations:

¢ Did not account for:
socioeconomic status

e No information on non-
completers

e No preregistered data
analysis plan

Haring, 2016

United States, Women’s Health
Initiative Observational Study
Prospective Cohort Study

N=90.014

100% female, 64y (50-79y), excluded
those with missing data, implausible
energy intake

Index/score:

Healthy Eating Index 2010 (HEI-2010)

e Positive components: Total
vegetables, geens and beans, total
fruit, whole fruit, whole grains,
seafood and plant proteins, total
protein foods, dairy, fatty acids

¢ Negative components: Refined
grained, added sugars, solid fats,
sodium

Alternative Healthy Eating Index 2010

(AHEI-2010)

e Positive components: Vegetables
(not potatoes, French fries), Fruit,
Whole Grains, Long-Chain Fats
(EPA + DHA), PUFA

¢ Neutral components: Alcohol

¢ Negative components: Red and
Processed Meat, Sugar Sweetened
Beverages and Fruit Juice, Trans FA,
Sodium

alternate Mediterranean diet score

(aMED)

HEI-2010
e Hip fracture at 16y f/u: NS
o Total fracture at 16y f/u: NS

AHEI-2010
e Hip fracture at 16y f/u: NS
e Total fracture at 16y f/u: NS

aMED
e Hip fracture at 16y f/u (HR, 95% ClI):
o Q1,n=177:1.00
o Q2,n=680:0.84 (0.70, 1.01)
o Q3,n=396: 0.77 (0.63, 0.94)
o Q4,n=366: 0.76 (0.62, 0.92)
o @5, n=502: 0.80 (0.66, 0.97)
e Total fracture at 16y f/u: NS

DASH
e Hip fracture at 16y f/u: NS
Total fracture at 16y f/lu: NS

Key confounders accounted
for:

Sex

Age

Race/ethnicity

BMI

Smoking

Alcohol intake

Physical activity

Calcium supplements
Estrogen replacement therapy

Other: Diabetes status,
history of fracture, physical
function score, chronic
medical conditions,
psychoactive medications

Limitations:

¢ Did not account for:
socioeconomic status,
vitamin D status
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Characteristics"i

Dietary Pattern

Results

Methodological
Considerations

e Positive components: Vegetables
(not potatoes), legumes, fruits, nuts,
whole grains, fish, MUFA/SFAs

¢ Neutral components: Alcohol

e Negative components: Red and
processed meat

Dietary Approaches to Stop

Hypertension (DASH) score

e Positive components: Vegetables
(not potatoes), nuts and legumes,
fruit and fruit juice, whole grains, low-
fat dairy

¢ Negative components: Red and
processed meat, sweetened
beverages, sodium

e Diet assessed only once
at baseline

e No preregistered data
analysis plan

Monjardino, 20148

Portugal, EPITeen Cohort
Prospective Cohort Study

N=1,023
54% girls, 13y, excluded those with
missing or implausible data

Index/Score:

Mediterranean Diet Quality Index for

children and adolescents (KIDMED)

e Positive components: fruit and
vegetables, nuts, fish, pulses, pasta
or rice, grains or cereals, dairy
products, olive oil

¢ Negative components: sweets,
candy, commercially baked goods,
pastries, fast foods, and non-
consumption of breakfast

DASH

e Positive components: fruit,
vegetables, nuts, legumes, dairy
products and whole grains

¢ Negative components: sodium, red
and processed meat, sweetened
beverages

Oslo Health Study dietary index (OHS)

KIDMED
e Annual bone mineral density (BMD)
variation at 4y f/lu, NS

DASH
e Annual BMD variation at 4y f/lu, NS

OHS:
e Annual BMD variation at 4y f/u, NS

Key confounders accounted
for:

Sex

Age

Parent education

Height, weight

Physical activity

Calcium intake

Other: Energy intake, age at
menarche (girls)

Limitations:
e Did not account for:
Race/ethnicity, Vitamin D

status

e Diet assessed only once
at baseline

¢ No information on non-
completers
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Dietary Pattern

Results

Methodological

Characteristics"i

A ratio between the intake of soft
drinks and the intake of fruit/berries,
fruit juice and cooked and raw
vegetables

Considerations
e No preregistered data
analysis plan

Monjardino, 2015°

Portugal, EPITeen Cohort
Prospective Cohort Study

N=1,007
54% girls, 13y, excluded those with
missing or implausible data

Factor/Cluster:
Four dietary patterns identified:

“Healthier” (ref): characterized by the
highest consumption of fish,
vegetables and added fats. High
consumption of fruits and
pasta/potatoes/rice and the lowest
consumption of fast food and soft
drinks

“Dairy Products”: characterized by
the highest consumption of dairy
products and an intermediate
consumption of most food groups
“Fast food and sweets”:
characterized by the highest energy
intake and by the highest intake of
sweets, fast food, soft drinks and
coffee/tea; and “lower intake”:
characterized by low intake of all
food groups, particularly of red meat,
fish, fruits, pasta/potatoes/rice, dairy
products, cereals and added fats.

GIRLS (coefficient, 95% CI)

“Dairy Products” vs. “Healthier”

e Annual BMD variation at 4y f/u, NS

“Fast food and sweets” vs. “Healthier”

e Annual BMD variation at 4y f/u, NS

“Lower intake” vs. “Healthier”

e Annual BMD variation at 4y f/u:
-0.451 (-0.827, -0.074)

BOYS

“Dairy Products” vs. “Healthier”

e Annual BMD variation at 4y f/u, NS
“Fast food and sweets” vs. “Healthier”
e Annual BMD variation at 4y f/u, NS
“Lower intake” vs. “Healthier”

e Annual BMD variation at 4y f/lu, NS

Key confounders accounted
for:

Sex

Age

Height, weight

Other: Energy intake, age at
menarche (girls)

Limitations:

e Did not account for:
Race/ethnicity, Vitamin D
status, socioeconomic
status, physical activity,
calcium intake

e A posteriori method used
to identify dietary patterns

e Diet assessed only once

at baseline

¢ No information on non-
completers

e No preregistered data
analysis plan

Warensjo Lemming, 20177
Sweden, Swedish Mammography
Cohort

Prospective Cohort Study

N=56,736

Factor/cluster:
Two of four dietary patterns identified
were analyzed:

“Healthy” pattern: Higher loadings for
fish (all types), cereals and whole
meal bread, poultry, eggs, pasta and

“Healthy” pattern at 53y and hip fracture
after 25.5y f/lu (HR, 95% CI):

e Q1,n=1,501:1.00

e Q2,n=1,304: 0.79 (0.73, 0.85)
e Q3,n=1,190: 0.71 (0.66, 0.77)
e Q4,n=1,002: 0.57 (0.52, 0.62)

Key confounders accounted
for:

Sex

Education

Height, BMI

Smoking

Alcohol intake

Physical activity
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Characteristics " Considerations

100% female, 53y, excluded those rice, fruits, vegetables, fermented “Western/convenience” pattern at 53y Calcium supplements

with missing data, history of cancer milk, and hip fracture after 25.5 y f/u:
e “Western/convenience” pattern: Q1, n=1,066: 1.00

Higher loadings for sweet snacks _ )
and bakery products, sugar, jams, Q2, n=1,229: 1.17 (1.07, 1.27)

Other: Living alone,
multivitamin use, previous
fracture, menopausal status,

sodas, savoury snacks, meat, white Q3, n=1,288: 1.17 (1.07, 1.27) Charlson’s comorbidity index,
bread Q4, n=1,414: 1.22 (1.10, 1.34) total energy intake
Limitations:

e Did not account for: age,
vitamin D status, estrogen
replacement therapy

e A posteriori method used
to identify dietary patterns

e Diet assessed only once

at baseline

¢ No information on non-
completers

o No preregistered data
analysis plan
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Table 2. Risk of bias for observational studies examining dietary patterns and bone health i Vil

Article Confounding Selection of | Classification Deviations Missing data Outcome Selection of
participants of exposures | from intended measurement the reported
exposures result
Benetou. 2018 Serious Moderate Low Serious Moderate Low Moderate
Byberg, 20162 Serious Moderate Low Serious Serious Low Moderate
de Jonge, 20173 Serious Moderate Low Serious Serious Low Moderate
Fung, 2015 Serious Moderate Low Moderate Low Low Moderate
Fung, 2018 Serious Moderate Low Moderate Low Low Moderate
Haring, 2016° Serious Moderate Low Serious Low Low Moderate
Monjardino, 2014° Serious Low Low Serious Moderate Low Moderate
Monjardino, 2015° Serious Moderate Low Serious Moderate Low Moderate
Warensjo- Serious Low Moderate Serious Moderate Low Moderate
Lemming, 20177

Vi 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.

Vi 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.)
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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 update to an existing systematic
review.

NESR’s systematic review methodology involves:

Developing a protocaol,

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 update to an existing
systematic review is available on the NESR website: https://nesr.usda.qov/2020-dietary-
guidelines-advisory-committee-systematic-reviews, and can be found in 2020 Dietary
Guidelines Advisory Committee Report, Part C: Methodology.™ 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 8. Dietary Patterns.

The systematic review described in this document updates an existing systematic review
conducted by the 2015 Dietary Guidelines Advisory Committee with support from USDA'’s
Nutrition Evidence Systematic Review (NESR) team. Information about the 2015 Dietary
Guidelines Advisory Committee’s review of the evidence on dietary patterns and bone
health can be found in their report, which is available at the following website:
https://nesr.usda.gov/dietary-patterns-foods-and-nutrients-and-health-outcomes-
subcommittee.

Below are details of the final protocol for the systematic review described herein, including
the:

¢ Analytic framework
e Literature search and screening plan
e Literature search and screening results

ANALYTIC FRAMEWORK

The analytic framework (Figure 1) illustrates the overall scope of this update to an existing
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

* Dietary Guidelines Advisory Committee. 2020. Scientific Report of the 2020 Dietary Guidelines
Advisory Committee: Advisory Report to the Secretary of Health and Human Services and the Secretary
of Agriculture. U.S. Department of Agriculture, Agricultural Research Service, Washington, DC.
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exclusion criteria that follow provide additional information about how parts of the analytic
framework were defined and operationalized for the review.

Figure 1. Analytic framework

Systematic review question: What is the relationship between dietary patterns consumed and bone health?

Intervention/exposure

Consumption of and/or

Vs

Comparator

Consumption of and/or

consumption of and/or
adherence to a dietary

-

Bone mass.
including bone

-

Osteoporosis

adherence to a dietary adherence to a different Intermediate Osteopenia
pattern dietary pattern outcomes Rickets
Different levels of Fracture

Endpoint outcomes

mineral density and

pattern content Population: Children through older
Biomarkers of bone adults
metabolism '__,.""
Population: Children through older adults; healthy and/or at ..‘_,.-"'

risk of chronic disease

-

LT L
e -
L LT T et

Key Confounders: Sex, Age. Race/ethnicity, Socioeconomic status, Anthropometry, Smoking, Alcohal intake (in adults), Physical activity,
Witamin D status (e.g., sun exposure, use of vitamin D supplements, plasma or serum 25-OH-D levels), Calcium supplements, Estrogen
replacement therapy

Other Factors to be Considered: Total energy intake, Medication use, Family history of bone disease, Malabsorptive conditions, Lactose
maldigestion. Perceived milk intolerance, Dairy allergy. Postmenarcheal age (in children)

Key definitions Legend

Dietary patterns — The guantities, proportions, variety, or
combination of diffierent foods, drinks, and nutrients (when
available) in diets, and the frequency with which they are
habitually consumed

ey The relationship of interest in the systematic review
------- «=«p Factors that may impact the relationship of interest in the
systematic review

LITERATURE SEARCH AND SCREENING PLAN

Inclusion and exclusion criteria

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

Category

Inclusion Criteria

Exclusion Criteria

Study design

e Randomized controlled trials

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

e Prospective cohort studies
o Retrospective cohort studies

e Nested case-control studies

e Uncontrolled trials

e Cross-sectional studies

¢ Uncontrolled before-and-after studies
e Case-control studies

e Narrative reviews

e Systematic reviews

o Meta-analyses

Intervention/
exposure

e Studies that examine consumption of
and/or adherence to a dietary pattern

o Dietary patterns may be measured or
derived using a variety of
approaches, such as adherence to a
priori patterns (indices/scores), data
driven patterns (factor or cluster
analysis), reduced rank regression,
or other methods, including clinical
trials

e Studies must describe the dietary
pattern being tested or examined,
including, at a minimum, the foods
and beverages in the pattern

e Studies that do not provide a
description of the dietary pattern,
which at minimum, must include the
foods and beverages in the pattern

e Studies that examine a labeled dietary
pattern, but do not describe the foods
and beverages consumed, as well as
those patterns that are based solely
on nutrients

Comparator

e Consumption of and/or adherence to
a different dietary pattern

o Different levels of consumption of
and/or adherence to a dietary pattern

N/A

Outcomes*

Intermediate Outcomes:
e Bone mass including:
o Bone mineral density
o Bone mineral content
e Biomarkers of bone metabolism
Endpoint outcomes:
e Osteoporosis
e Osteopenia
¢ Rickets

e Fracture

* Intermediate outcomes were included for all study designs in children and intervention studies in

adults.
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Category

Inclusion Criteria

Exclusion Criteria

Date of January 2014 — November 2019 (this Articles published prior to January 2014 or
publication date range is in addition to the original after November 2019

systematic review, which included

articles published from January 2000-

January 2014)
Publication Articles that have been peer-reviewed Articles that have not been peer-reviewed
status and are not published in peer-reviewed

journals (e.g., unpublished data,
manuscripts, reports, abstracts, pre-prints,
and conference proceedings)

Language of

Articles published in English

Articles published in languages other than

publication English

CountryX Studies conducted in countries ranked as  Studies conducted in countries ranked as
high or higher human development medium or lower human development

Study e Human participants Non-human participants (e.g., animal or

participants in-vitro models)

e Males
e Females

e Women during preghancy and
lactation

Age of study
participants

o Age at intervention or exposure:

o Children and adolescents
(ages 2-18 years)

o Adults (ages 19-64 years)

o Older adults (ages 65 years
and older)

e Age at outcome:

o Children and adolescents
(ages 2-18 years)

o Adults (ages 19-64 years)

o Older adults (ages 65 years
and older)

e Age at intervention or exposure:
o Infants and toddlers (birth to
24 months)
e Age at outcome
o Infants and toddlers (birth to
24 months)

X The Human Development classification was 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

Studies that enroll participants who

Studies that exclusively enroll

study are healthy and/or at risk for chronic participants diagnosed with a disease
participants disease, including those with obesity or hospitalized with an illness or
. - injury. (For this criterion, studies that
¢ ch_tud|es that (_anroll some participants exclusively enroll subjects with obesity
iagnosed with a disease will be included.)
o Studies that enroll some o Studies that exclusively
participants diagnosed with enroll participants with
low bone mineral density, osteoporosis, osteopenia,
low bone mineral content, rickets, and fracture (i.e.,
osteoporosis, osteopenia, studies that aim to treat
rickets, and fracture participants who have already
been diagnosed with the
outcome of interest)
Study duration e Minimum length of intervention of Interventions less than 12 weeks

12 weeks

Size of study
groups

30 participants per arm in
interventions, or a power calculation
included

Sample size of 1000 or greater in
observational studies

Fewer than 30 participants per arm, or

No power calculation reported

Fewer than 1000 participants in
observational studies

Electronic databases and search strategy

Listed below are the databases searched to identify all potentially relevant articles that
have been published to address the update to an existing systematic review.

Search 1: Literature search to update the existing review from the 2015 Committee

PubMed

Provider: U.S. National Library of Medicine
Date(s) Searched: November 15, 2019
Date range searched: January 1, 2014 - November 15, 2019
Search Terms:

#1 - dietary pattern* OR diet pattern* OR eating pattern* OR food pattern* OR diet
quality* OR eating habit* OR dietary habit* OR diet habit* OR food habit* OR
beverage habit* OR "Feeding Behavior'[Mesh:NoExp] OR dietary profile* OR food
profile* OR diet profile* OR eating profile* OR dietary guideline* OR dietary
recommendation* OR dietary intake* OR eating style* OR "Diet,
Mediterranean"[Mesh] OR Mediterranean Diet*[tiab] OR "Dietary Approaches To
Stop Hypertension"[Mesh] OR Dietary Approaches To Stop Hypertension Diet* OR
DASH diet* OR "Diet, Gluten-Free"[Mesh] OR Gluten Free diet* OR prudent diet*
OR "Diet, Paleolithic"[Mesh] OR Paleolithic Diet* OR "Diet, Vegetarian"[Mesh] OR
vegetarian diet*[tiab] OR vegan diet* OR "Diet, Healthy"[Mesh] OR plant based diet*
OR "Diet, Western"[Mesh] OR western diet* OR "Diet, Carbohydrate-
Restricted"[Mesh] OR low-carbohydrate diet* OR high carbohydrate diet* OR
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Ketogenic Diet* OR Nordic Diet* OR "Diet, Fat-Restricted"[Mesh] OR "Diet, High-
Fat"[Mesh] OR "Diet, High-Protein"[Mesh] OR high protein diet*[tiab] OR protein
intake* OR high-fat diet* OR low fat diet* OR "Diet, Protein-Restricted"[Mesh] OR
low protein diet* OR "Diet, Sodium-Restricted"[Mesh] OR low-sodium diet* OR low
salt diet* OR (("Dietary Proteins"[Mesh] OR dietary protein*[tiab] OR "Dietary
Carbohydrates"[Mesh] OR dietary carbohydrate*[tiab] OR "Dietary Fats"[Mesh] OR
dietary fat*[tiab] OR hypocaloric OR hypo-caloric) AND (diet[tiab] OR diets[tiab] OR
consumption[tiab] OR intake[tiab] OR supplement*[tiab])) OR ((“Guideline
Adherence"[Mesh] OR guideline adherence*)AND (diet[tiab] OR dietary[tiab] OR
food[tiab] OR beverage*[tiab] OR nutrition*[tiab])) OR diet score* OR diet quality
score* OR diet quality index* OR kidmed OR diet index* OR dietary index* OR food
score* OR MedDietScore OR healthy eating index[tiab] OR ((pattern[tiab] OR
patterns[tiab] OR consumption[tiab] OR habit*[tiab]) AND (“Diet"[Mesh:NoExp] OR
diet[tiab] OR diets[tiab] OR dietary[tiab] OR "Food"[Mesh] OR food[tiab] OR
foods[tiab] OR "Beverages"[Mesh] OR beverage[tiab] OR beveragesitiab]))

#2 - "Bone Density"[Mesh] OR “bone density”[tiab] OR bone mineral density][tiab]
OR "Bone Development"[Mesh] OR “bone development"[tiab] OR "Fractures,
Bone"[Mesh] OR bone fracture*[tiab] OR "Bone Diseases"[Mesh] OR bone
disease*[tiab] OR bone turnover[tiab] OR bone loss[tiab] OR osteoporosis[tiab] OR
“Osteoporosis’[Mesh] OR osteopen®[tiab] OR osteitis[tiab] OR "Rickets"[Mesh] OR
Rickets[tiab] OR bone mineral*[tiab] OR “bone mass”[tiab] OR bone health*[tiab] OR
"Bone Demineralization, Pathologic"[Mesh] OR bone demineral*[tiab] OR "Bone
Remodeling"[Mesh] OR bone strength[tiab] OR bone formation[tiab] OR ((bone][tiab]
OR bones[tiab] OR "Bone and Bones"[Mesh]) AND (fracture*[tiab] OR
remodel*[tiab] OR formation*[tiab] OR osteolysis[tiab] OR ossification[tiab] OR
resorption[tiab] OR accretion[tiab] OR BMC|[tiab] OR BMDJtiab] OR
"Biomarkers"[Mesh] OR biomarker*[tiab]))

#3 - (#1 AND #2)

#4 - (#1 AND #2) 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 noticel[ti]) Filters: Publication date from 2014/01/01 to 2019/11/15;
English

Cochrane Central Register of Controlled Trials (CENTRAL)
e Provider: John Wiley & Sons
e Date(s) Searched: November 15, 2019
e Date range searched: January 1, 2014 - November 15, 2019
e Search Terms:

#1 - (“dietary pattern*” OR “diet pattern*” OR “eating pattern®” OR “food pattern*”
OR “diet quality*” OR “eating habit*” OR “dietary habit*” OR “diet habit*” OR “food
habit*” OR “beverage habit*” OR [mh *"Feeding Behavior"] OR “dietary profile*” OR
“food profile*” OR “diet profile*” OR “eating profile*” OR “dietary guideline* OR
“dietary recommendation*” OR “dietary intake*” OR “eating style*” OR [mh "Diet,
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Mediterranean"] OR “Mediterranean Diet*” OR [mh "Dietary Approaches To Stop
Hypertension"] OR “Dietary Approaches To Stop Hypertension Diet*” OR “DASH
diet*” OR [mh "Diet, Gluten-Free"] OR “Gluten Free diet*” OR “prudent diet*” OR
[mh "Diet, Paleolithic"] OR “Paleolithic Diet*” OR [mh "Diet, Vegetarian"] OR
“vegetarian diet*” OR “vegan diet*” OR [mh "Diet, Healthy"] OR “plant based diet*”
OR [mh "Diet, Western"] OR “western diet*” OR [mh "Diet, Carbohydrate-
Restricted"] OR “low-carbohydrate diet*” OR “high carbohydrate diet*” OR
“Ketogenic Diet*” OR “Nordic Diet*” OR [mh "Diet, Fat-Restricted"] OR [mh "Diet,
High-Fat"] OR [mh "Diet, High-Protein"] OR “high protein diet*” OR “protein intake*”
OR “high-fat diet*” OR “low fat diet*” OR [mh "Diet, Protein-Restricted"] OR “low
protein diet*” OR [mh "Diet, Sodium-Restricted"] OR “low-sodium diet*” OR “low salt
diet*”):ti,ab,kw

#2 - (([mh "Dietary Proteins"] OR “dietary protein*” OR [mh "Dietary Carbohydrates"]
OR “dietary carbohydrate*” OR [mh "Dietary Fats"] OR “dietary fat*” OR hypocaloric

OR hypo-caloric) NEAR/6 (diet OR diets OR consumption OR intake OR
supplement*))

#3 — ([mh "Guideline Adherence"] OR guideline adherence*) NEAR/6 (diet OR
dietary OR food OR beverage* OR nutrition*))

#4 - ("diet score*™ OR "diet quality score*™ OR "diet quality index*" OR kidmed OR
"diet index™" OR "dietary index*" OR "food score*™ OR MedDietScore OR "healthy
eating index*"):ti,ab,kw

#5 - (((pattern OR patterns OR consumption OR habit*) NEAR/6 ([mh *Diet] OR diet
OR diets OR dietary OR [mh Food] OR food OR foods OR [mh Beverages] OR
beverage OR beverages))):ti,ab,kw

#6 - #1 OR #2 OR #3 OR #4 OR #5

#7 - [mh "Bone Density"] OR [mh "Bone Development"] OR [mh "Fractures, Bone"]
OR [mh "Bone Diseases"] OR [mh Osteoporosis] OR [mh Rickets] OR [mh "Bone
Demineralization, Pathologic"] OR [mh "Bone Remodeling"]

#8 - ("bone density" OR "bone mineral density" OR "bone development" OR "bone
fracture™ OR "bone disease™ OR "bone turnover" OR "bone loss" OR osteoporosis
OR osteopen* OR osteitis OR Rickets OR "bone mineral*™ OR "bone mass" OR
"bone health*" OR "bone demineral*™ OR "bone strength" OR "bone
formation"):ti,ab,kw

#9 - (((bone OR bones OR [mh "Bone and Bones"]) NEAR/6 (fracture* OR remodel*
OR formation* OR osteolysis OR ossification OR resorption OR accretion OR BMC
OR BMD OR [mh Biomarkers] OR biomarker*))):ti,ab,kw

#10 - #7 OR #8 OR #9

#11 - #6 AND #10" with Publication Year from 2014 to 2019, in Trials (Word
variations have been searched)

Embase
e Provider: Elsevier
e Date(s) Searched: November 15, 2019
e Date range searched: January 1, 2014 — November 15, 2019
e Search Terms:
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#1 - 'feeding behavior'/de OR 'mediterranean diet'/exp OR 'dash diet'/exp OR 'gluten
free diet'/exp OR 'paleolithic diet'/de OR 'vegetarian diet'/exp OR 'healthy diet'/de
OR 'western diet'/de OR 'low carbohydrate diet'/exp OR 'low fat diet'/de OR 'lipid
diet'/exp OR 'protein diet'/exp OR 'protein restriction'/de OR 'sodium restriction'/de

#2 - 'dietary pattern*:ab,ti OR 'diet pattern*:ab,ti OR 'eating pattern*':ab,ti OR 'food
pattern*:ab,ti OR 'diet quality*:ab,ti OR 'eating habit*":ab,ti OR 'dietary habit*:ab,ti
OR 'diet habit*:ab,ti OR 'food habit*':ab,ti OR 'beverage habit*':ab,ti OR 'dietary
profile*':ab,ti OR 'food profile*':ab,ti OR 'diet profile*':ab,ti OR 'eating profile*':ab,ti
OR 'dietary guideline*':ab,ti OR 'dietary recommendation*:ab,ti OR 'dietary
intake*":ab,ti OR 'eating style*':ab,ti OR 'mediterranean diet*:ab,ti OR 'dietary
approaches to stop hypertension diet*:ab.,ti OR 'dash diet*':ab,ti OR 'gluten free
diet*:ab,ti OR 'prudent diet*':ab,ti OR 'paleolithic diet*':ab,ti OR 'vegetarian
diet*:ab,ti OR 'vegan diet*":ab,ti OR 'plant based diet*:ab.,ti OR 'western diet*":ab,ti
OR 'low-carbohydrate diet*':ab,ti OR 'high carbohydrate diet*:ab.,ti OR 'ketogenic
diet*:ab,ti OR 'nordic diet*':ab,ti OR 'high protein diet*':ab,ti OR 'protein intake™*":ab,ti
OR 'high-fat diet*':ab,ti OR 'low fat diet*:ab,ti OR 'low protein diet*':ab,ti OR 'low-
sodium diet*:ab,ti OR 'low salt diet*":ab,ti

#3 - (('dietary protein* OR 'dietary carbohydrate* OR 'dietary fat* OR hypocaloric

OR hypo-caloric) NEAR/6 (diet OR diets OR consumption OR intake OR
supplement)):ab,ti

#4 - (‘'guideline adherence' NEAR/6 (diet OR dietary OR food OR beverage OR
nutrition™)):ab, ti

#5 - 'diet score':ab,ti OR 'diet quality score':ab,ti OR kidmed:ab,ti OR 'diet
index":ab,ti OR 'dietary index":ab,ti OR 'diet quality index":ab,ti OR 'food score':ab,ti
OR meddietscore:ab,ti OR 'healthy eating index":ab.i

#6 - ((pattern OR patterns OR consumption OR habit*) NEAR/6 (diet OR diets OR
dietary OR food OR foods OR beverage OR beverages)):ab,ti

#7- #1 OR #2 OR #3 OR #4 OR #5 OR #6

#8 - 'bone disease'/exp OR 'bone density'/exp OR 'bone development'/exp OR
'fracture'/exp OR 'osteoporosis'/exp OR 'rickets'/exp OR 'bone demineralization'/exp
OR 'bone remodeling'/exp

#9 - 'bone density":ab,ti OR 'bone mineral density":ab,ti OR 'bone development'ab,ti
OR 'bone fracture*':ab,ti OR 'bone disease*':ab,ti OR 'bone turnover'ab,ti OR 'bone
loss":ab,ti OR osteoporosis:ab,ti OR osteopen*:ab,ti OR osteitis:ab,ti OR rickets:ab,ti
OR 'bone mineral*:ab,ti OR 'bone mass'"ab,ti OR 'bone health*":ab,ti OR 'bone
demineral*':ab,ti OR 'bone strength':ab,ti OR 'bone formation':ab,ti

#10 - ((bone OR bones) NEAR/6 (fracture* OR remodel* OR formation* OR
osteolysis OR ossification OR resorption OR accretion OR bmc OR bmd OR
biomarker*)):ab,i

#11) #8 OR #9 OR #10

#12) #7 AND #11#13) #7 AND #11 AND ([article]/lim OR [article in press]/lim) AND
[humans]/lim AND [english]/lim AND [2000-2014]/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
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OR [meta analysis]/lim)

Search 2: Additional search to cover diets based on macronutrient distribution

PubMed
e Provider: U.S. National Library of Medicine
e Date(s) Searched: November 8, 2019
e Date range searched: January 1, 2000-December 31, 2014
e Search Terms:

#1 - Macronutrient* OR Macro-nutrient* OR “Dietary Carbohydrates’[Mesh] OR
dietary carbohydrate* OR carbohydrate diet* OR "Diet, Carbohydrate-
Restricted"[Mesh] OR carbohydrate-restrict* OR low carbohydrate* OR high
carbohydrate* OR carbohydrate intake* OR “Dietary Proteins’[Mesh] OR protein
diet* OR "Diet, Protein-Restricted"[Mesh] OR protein restrict* OR protein intake][tiab]
OR low protein* OR “Diet, High-Protein"[Mesh] OR high protein* OR Ketogenic
Diet* OR "Dietary Fats"[Mesh] OR dietary fat* OR fat intake* OR "Diet, High-
Fat"[Mesh] OR high fat* OR "Diet, Fat-Restricted"[Mesh] OR fat-restricted* OR low
fat*

#2 - "Bone Density"[Mesh] OR “bone density”[tiab] OR bone mineral density[tiab]
OR "Bone Development"[Mesh] OR “bone development"[tiab] OR "Fractures,
Bone"[Mesh] OR bone fracture*[tiab] OR "Bone Diseases"[Mesh] OR bone
disease*[tiab] OR bone turnover[tiab] OR bone loss[tiab] OR osteoporosis|tiab] OR
“Osteoporosis’[Mesh] OR osteopen*[tiab] OR osteitis[tiab] OR "Rickets"[Mesh] OR
Rickets[tiab] OR bone mineral*[tiab] OR “bone mass”[tiab] OR bone health*[tiab] OR
"Bone Demineralization, Pathologic"[Mesh] OR bone demineral*[tiab] OR "Bone
Remodeling"[Mesh] OR bone strength[tiab] OR bone formation[tiab] OR ((bone][tiab]
OR bones[tiab] OR "Bone and Bones"[Mesh]) AND (fracture*[tiab] OR
remodel*[tiab] OR formation*[tiab] OR osteolysis[tiab] OR ossification[tiab] OR
resorption[tiab] OR accretion[tiab] OR BMCJtiab] OR BMDJtiab] OR
"Biomarkers"[Mesh] OR biomarker*[tiab]))

#3 - (#1 AND #2)

#4 - (#1 AND #2) 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 noticel[ti]) Filters: Publication date from 2000/01/01 to 2014/12/31;
English

Cochrane Central Register of Controlled Trials (CENTRAL)
e Provider: John Wiley & Sons

Date(s) Searched: November 8, 2019

e Date range searched: January 1, 2000-December 31, 2014
e Search Terms:

#1 - [mh "Dietary Carbohydrates"] OR [mh "Diet, Carbohydrate-Restricted"] OR [mh
"Dietary Proteins"] OR [mh "Diet, Protein-Restricted"] OR [mh "Diet, High-Protein"]
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OR [mh "Dietary Fats"] OR [mh "Diet, High-Fat"] OR [mh "Diet, Fat-Restricted"]

#2 - (macronutrient* OR macro-nutrient* OR “dietary carbohydrate* OR
“carbohydrate diet*” OR “carbohydrate-restrict*” OR “low carbohydrate*” OR “high
carbohydrate*” OR “carbohydrate intake*” OR “protein diet*” OR “protein restrict*”
OR “protein intake” OR “low protein*” OR “high protein*” OR “Ketogenic Diet*” OR
“dietary fat*” OR “fat intake*” OR “high fat*” OR “fat-restricted*” OR “low
fat*):ti,ab,kw

#3 -#1 OR #2

#4 - [mh "Bone Density"] OR [mh "Bone Development"] OR [mh "Fractures, Bone"]
OR [mh "Bone Diseases"] OR [mh Osteoporosis] OR [mh Rickets] OR [mh "Bone
Demineralization, Pathologic"] OR [mh "Bone Remodeling"]

#5 - ("bone density" OR "bone mineral density" OR "bone development" OR "bone
fracture™ OR "bone disease™ OR "bone turnover" OR "bone loss" OR osteoporosis
OR osteopen* OR osteitis OR Rickets OR "bone mineral* OR "bone mass" OR
"bone health*" OR "bone demineral*™ OR "bone strength" OR "bone
formation"):ti,ab,kw

#6 - (((bone OR bones OR [mh "Bone and Bones"]) NEAR/6 (fracture® OR
remodel* OR formation* OR osteolysis OR ossification OR resorption OR accretion
OR BMC OR BMD OR [mh Biomarkers] OR biomarker*))):ti,ab,kw

#7 - #4 OR #5 OR #6

#8 - #3 AND #7" with Publication Year from 2000 to 2014, in Trials (Word variations
have been searched)

Embase
e Provider: Elsevier
e Date(s) Searched: November 8, 2019
e Date range searched: January 1, 2000-December 31, 2014
e Search Terms:

#1- 'macronutrient'/exp OR 'carbohydrate diet'/exp OR 'low carbohydrate diet'/exp
OR 'protein intake'/exp OR 'protein restriction'/exp OR 'protein diet'/exp OR 'fat
intake'/exp OR 'lipid diet'/exp OR 'low fat diet'/exp

#2 - macronutrient*:ab,ti OR 'macro nutrient*':ab,ti OR 'dietary carbohydrate*:ab,ti
OR 'carbohydrate diet*':ab,ti OR 'carbohydrate-restrict*:ab,ti OR 'low
carbohydrate*':ab,ti OR 'high carbohydrate*':ab,ti OR 'carbohydrate intake*':ab,ti OR
'protein diet*':ab,ti OR 'protein restrict*':ab,ti OR 'protein intake":ab,ti OR 'low
protein*:ab,ti OR 'high protein*:ab,ti OR 'ketogenic diet*':ab,ti OR 'dietary fat*':ab,ti
OR 'fat intake*":ab,ti OR 'high fat*':ab,ti OR 'fat-restricted*':ab,ti OR 'low fat*':abti

#3 -#1 OR #2

#4 - 'bone disease'/exp OR 'bone density'/exp OR 'bone development'/exp OR
'fracture'/exp OR 'osteoporosis'/exp OR 'rickets'/exp OR 'bone demineralization'/exp
OR 'bone remodeling'/exp

#5 - 'bone density":ab,ti OR 'bone mineral density":ab,ti OR 'bone development'ab,ti
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OR 'bone fracture*:ab,ti OR 'bone disease*':ab,ti OR 'bone turnover"ab,ti OR 'bone
loss":ab,ti OR osteoporosis:ab,ti OR osteopen*:ab,ti OR osteitis:ab,ti OR rickets:ab,ti
OR 'bone mineral*':ab,ti OR 'bone mass".ab,ti OR 'bone health*:ab,ti OR 'bone
demineral*':ab,ti OR 'bone strength':ab,ti OR 'bone formation':ab,ti

#6 - ((bone OR bones) NEAR/6 (fracture® OR remodel* OR formation* OR
osteolysis OR ossification OR resorption OR accretion OR bmc OR bmd OR
biomarker*)):ab,i

#7 - #4 OR #5 OR #6
#8 - #3 AND #7

#9 - #3 AND #7 AND ([article])/lim OR [article in press]/lim) AND [humans]/lim AND
[english]/lim AND [2000-2014]/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)

38



LITERATURE SEARCH AND SCREENING RESULTS

The flow chart (Figure 2) below illustrates the literature search and screening results
for articles in this update to an existing systematic review. 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 are also screened to determine whether they meet criteria for
inclusion.

Figure 2. Flow chart of literature search and screening results

Electronic databases searched Manual search
- B
% References of
o PubMed, Embase, Cochrane included articles and
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A
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Excluded articles from updated literature search

The table below lists the articles excluded after full-text screening for the update to this systematic review question. At least one
reason for exclusion is provided for each article, which may not reflect all possible reasons. 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

Actrn,. 2008 Weight Loss, Protein and Bone Density study.
http://www.who.int/trialsearch/Trial2.aspx?TrialID=ACTRN12608000229370. 2008.

Intervention/Exposure;
Publication Status

Alexy, U, Remer, T, Manz, F, Neu, CM, Schoenau, E. Long-term protein intake and dietary potential renal acid load are
associated with bone modeling and remodeling at the proximal radius in healthy children. Am J Clin Nutr. 2005.
82:1107-14. doi:10.1093/ajcn/82.5.1107

Intervention/Exposure

Ambroszkiewicz, J, Chelchowska, M, Szamotulska, K, Rowicka, G, Klemarczyk, W, Strucinska, M, Gajewska, J. Bone
status and adipokine levels in children on vegetarian and omnivorous diets. Clin Nutr. 2019. 38:730-737.
doi:10.1016/j.cInu.2018.03.010

Study Design

Ambroszkiewicz, J, Chelchowska, M, Szamotulska, K, Rowicka, G, Klemarczyk, W, Strucinska, M, Gajewska, J. The Study Design
Assessment of Bone Regulatory Pathways, Bone Turnover, and Bone Mineral Density in Vegetarian and Omnivorous

Children. Nutrients. 2018. 10. doi:10.3390/nu10020183

Antonio, J, Ellerbroek, A, Evans, C, Silver, T, Peacock, CA. High protein consumption in trained women: bad to the Intervention/Exposure

bone? J Int Soc Sports Nutr. 2018. 15:6. doi:10.1186/s12970-018-0210-6

Aparicio, VA, Ruiz-Cabello, P, Borges-Cosic, M, Andrade, A, Coll-Risco, I, Acosta-Manzano, P, Soriano-Maldonado, A.
Association of physical fithess, body composition, cardiometabolic markers and adherence to the Mediterranean diet
with bone mineral density in perimenopausal women. The FLAMENCO project. J Sports Sci. 2017. 35:880-887.
doi:10.1080/02640414.2016.1196825

Study Design

Beasley, JM, Ichikawa, LE, Ange, BA, Spangler, L, LaCroix, AZ, Ott, SM, Scholes, D. Is protein intake associated with
bone mineral density in young women? Am J Clin Nutr. 2010. 91:1311-6. doi:10.3945/ajcn.2009.28728

Study Design;
Intervention/Exposure
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Citation Rationale
8 Bielemann, RM, Dos, SVazJ, Domingues, MR, Matijasevich, A, Santos, IS, Ekelund, U, Horta, BL. Are consumption of  Intervention/Exposure
dairy products and physical activity independently related to bone mineral density of 6-year-old children? Longitudinal
and cross-sectional analyses in a birth cohort from Brazil. Public Health Nutr. 2018. 21:2654-2664.
doi:10.1017/s1368980018001258
9 Bounds, W, Skinner, J, Carruth, BR, Ziegler, P. The relationship of dietary and lifestyle factors to bone mineral indexes Intervention/Exposure

in children. J Am Diet Assoc. 2005. 105:735-41. doi:10.1016/j.jada.2005.02.046

10

Bowen, J, Noakes, M, Clifton, P. High dairy-protein versus high mixed-protein energy restricted diets - the effect on
bone turnover and calcium excretion in overweight adults. Asia pacific journal of clinical nutrition. 2003. 12 Suppl: S52.

Publication Date

11 Bowen, J, Noakes, M, Clifton, PM. A high dairy protein, high-calcium diet minimizes bone turnover in overweight adults  Intervention/Exposure;
during weight loss. J Nutr. 2004. 134:568-73. doi:10.1093/jn/134.3.568 Publication Date

12 Brinkworth, G, Noakes, M, Buckley, J, Clifton, P. Long-term effects of a moderate energy restricted, very low Intervention/Exposure
carbohydrate diet on bone health in abdominally obese individuals. FASEB journal. 2011. 25.

13 Brinkworth, GD, Wycherley, TP, Noakes, M, Buckley, JD, Clifton, PM. Long-term effects of a very-low-carbohydrate Intervention/Exposure
weight-loss diet and an isocaloric low-fat diet on bone health in obese adults. Nutrition. 2016. 32:1033-6.
doi:10.1016/j.nut.2016.03.003

14 Brown, RC, Cox, CM, Goulding, A. High-carbohydrate versus high-fat diets: effect on body composition in trained Intervention/Exposure
cyclists. Med Sci Sports Exerc. 2000. 32:690-4. doi:10.1097/00005768-200003000-00021

15 Bullo, M, Amigo-Correig, P, Marquez-Sandoval, F, Babio, N, Martinez-Gonzalez, MA, Estruch, R, Basora, J, Sola, R, Publication Date
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