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ABSTRACT
The purpose of this systematic review is to examine the relationship between dietary patterns and sarcopenia using a protocol developed for use
by the 2020 Dietary Guidelines Advisory Committee, and to conduct a meta-analysis to summarize the evidence. Multiple electronic databases
were searched for studies investigating sarcopenia risk factors or risk of sarcopenia and dietary patterns. Eligible studies were 1) peer-reviewed
controlled trials or observational trials, 2) involving adult or older-adult human subjects who were healthy and/or at risk for chronic disease, 3)
comparing the effect of consumption or adherence to dietary patterns (measured as an index/score, factor or cluster analysis; reduced rank
regression; or a macronutrient distribution), and 4) reported on measures of skeletal muscle mass, muscle strength, muscle performance, and/or
risk of sarcopenia. Thirty-eight publications met all inclusion criteria for qualitative synthesis. Thirteen observational studies met inclusion criteria for
meta-analysis. Higher adherence to a healthy dietary pattern was associated with a decreased risk of gait speed reduction (OR = 0.58; 95% CI:
0.18, 0.97). The association between healthy dietary pattern adherence and other intermediate markers or risk of sarcopenia was not statistically
significant. The majority of individual studies were judged as “serious” risk of bias and analysis of the collective evidence base was suggestive of
publication bias. Studies suggest a significant association between healthy dietary patterns and maintenance of gait speed with age, an
intermediate marker of sarcopenia risk, but the evidence base is limited by serious risk of bias, within and between studies. Further research is
needed to understand the association between healthy dietary patterns and risk of sarcopenia. Curr Dev Nutr 2022;6:nzac001.
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Introduction

Sarcopenia is the progressive loss of skeletal muscle mass leading to
reduced muscle strength and function. A common condition in older
adults, sarcopenia can negatively impact quality of life and indepen-
dence (1). It is estimated that 25–45% of US older adults are living with
sarcopenia, contributing to an increased risk of falls, reduced activities
of daily living, and increased nursing home placement (2). Consensus
studies have recommended higher levels of dietary protein (e.g., 1.0–
1.2 g/kg body weight per day vs. the recommended dietary allowance
of 0.8 g/kg body weight per day) as an appropriate dietary strategy to
prevent or delay the onset of sarcopenia (3–6).

Dietary patterns focus on the totality of the diet rather than single
foods, beverages, or nutrients (e.g., protein) (1). A dietary pattern can
be defined as the quantities, proportions, variety, or combination of dif-
ferent foods and beverages in diets, and the frequency with which they
are habitually consumed (7). Adherence to a dietary pattern is often ex-
amined using a variety of methods including predefined indexes/scores,
data-driven methods such as cluster/factor analysis using observational
data, or directly tested in randomized controlled trials (RCTs) (7). Evi-
dence derived from research using dietary pattern methodologies has
been used to inform the development of the Dietary Guidelines for
Americans (DGA) beginning with the 2010 the Dietary Guidelines Ad-
visory Committee (DGAC) (8). In the most recent DGA (2020–2025)
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TABLE 1 Description of PICOS (Population, Intervention, Comparison, Outcome, Study design)
criteria for the research question, “What is the relationship between dietary patterns and risk of
sarcopenia?”

Parameter Eligibility criteria

Population Human subjects ≥19 y at time of outcome who were healthy and/or at risk for
chronic disease, not pregnant or lactating, living in countries ranked as high or
higher human development1

Study populations composed of a mixed population of healthy, at risk, and diseased
subjects, but not exclusively diagnosed with a disease or with low skeletal muscle
mass, low muscle strength, low muscle performance, or sarcopenia were included

Intervention Consumption of and/or adherence to a dietary pattern (measured as an index/score;
factor or cluster analysis; reduced rank regression; having at least 1 macronutrient
outside the Acceptable Macronutrient Distribution Range (AMDR);2 or description
of dietary pattern, including at a minimum, the foods and beverages included in
pattern)3

Comparison Consumption of and/or adherence to a different dietary pattern, varying levels of
adherence to a dietary pattern, or different macronutrient proportions

Outcome Intermediate markers of sarcopenia risk (i.e., skeletal muscle mass, muscle strength,
muscle performance) and/or risk of sarcopenia or severe sarcopenia4

Study design Peer-reviewed controlled trials or observational trials (prospective cohort studies,
retrospective cohort studies, nested case-control studies and case-control)
published in English

1Human development classification based on Human Development Index rank from the year the study intervention occurred,
or data were collected. Available from http://hdr.undp.org/en/data. Rank higher than 110 indicative of medium or lower Human
Development Index.
2Outside AMDR: <45% or >65% of energy from carbohydrate, <20% or >35% of energy from fat, or <10% or >35% of energy
from protein.
3Interventions for weight loss or examining dietary supplements or single foods as a macronutrient source (i.e., nuts) were not
included.
4For detailed description of eligible outcome measures, see Supplemental Table 2.

process, the DGAC, supported by the Nutrition Evidence Systematic
Review (NESR) team at the United States Department of Agriculture,
used systematic reviews to address 8 questions that examined the rela-
tion between dietary patterns and health outcomes, including, for the
first time, the relation between dietary patterns and sarcopenia (8).

The original NESR systematic review protocol (2019 NESR proto-
col), initially presented on 10 July 2019, with revisions presented on
24 October 2019, was designed to answer the DGAC question regard-
ing dietary patterns and risk of sarcopenia (9, 10) and included inter-
mediate markers of sarcopenia risk (i.e., skeletal muscle mass, muscle
strength, muscle performance) and endpoint outcomes of severe sar-
copenia and sarcopenia. In an effort to refine and prioritize the DGAC
workflow, the protocol was further revised in early 2020 (2020 NESR
protocol) to include only endpoint outcomes (11). Using the 2020 pro-
tocol, the NESR systematic review concluded that there was insufficient
evidence to determine the relation between dietary patterns and sar-
copenia in older adults (12). Subsequently, the 2020–2025 DGA did not
provide any specific dietary advice regarding a dietary pattern support-
ive of muscle health during aging [Tables 1-1 and 6-1 in the 2020–2025
DGA (1)].

The objective of the current systematic review and meta-analysis
(MA) was to utilize the original 2019 NESR protocol, which included
both intermediate markers and endpoint outcomes of sarcopenia, to ex-
amine the relation between dietary patterns and sarcopenia risk. Inter-
mediate outcomes are useful to monitor risk of disease onset and/or dis-
ease progression. Clinically meaningful intermediate outcomes, such as
muscle strength, muscle mass, and physical function, may provide prac-
tical evidence for increased risk or onset of sarcopenia (13). Thus, the
present systematic review and meta-analysis is intended to complement

and expand upon the NESR systematic review used to inform the 2020–
2025 DGA regarding sarcopenia and dietary patterns.

Methods

Search strategy and study selection
The 2019 NESR protocol related to sarcopenia and dietary patterns
served as the foundation for this systematic review (9, 10). Our sys-
tematic review protocol was prospectively registered in PROSPERO as
CRD42020172655. While at the outset of the systematic review it was
not expected that sufficient information would be available to conduct
a meta-analysis, our PROSPERO registration was updated to reflect the
intention to complete a meta-analysis when sufficient data appeared
available after the extraction step. The Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) guidelines were fol-
lowed (14). The PRISMA reporting checklist is available in Supplemen-
tal Table 1. Ethics approval and consent to participate verification are
not applicable to this systematic review of published literature.

Eligibility criteria
The criteria used to determine study eligibility are presented in Table 1
and Supplemental Table 2.

Information sources and search strategy
Using search strategies made publicly available by NESR in September
2019, we searched PubMed, Cochrane Central Register of Controlled
Trials, and Embase from inception through the end date used by NESR
(i.e., October 2019) (12). Each search strategy included search terms,
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both Medical Subject Headings (MeSH) and text words, designed to
capture sarcopenia and intermediate markers and dietary pattern con-
cepts. The detailed search strategies are provided in Supplemental File
1.

Screening and study selection
Two investigators (LT and MEVE) independently screened titles and ab-
stracts of studies resulting from the literature search. Studies for which
eligibility could not be determined or confirmed from the title and ab-
stract were retrieved and reviewed as full text. Publications were in-
cluded for qualitative summary if they met all of the eligibility criteria
and none of the exclusion criteria. Publications were included for meta-
analysis if data necessary for analyses were provided in sufficient detail
(see Supplemental File 2 for additional detail of meta-analysis meth-
ods). Disagreements were resolved by consensus or via a third reviewer
(CSL or CJS).

Data extraction
Three reviewers (CSL, LT, and MEVE) independently extracted rele-
vant data from studies meeting eligibility at full text using a pilot-tested
extraction protocol and companion Excel spreadsheet (Microsoft Cor-
poration). Extracted data included, but were not limited to, primary au-
thor, title and year of publication, type of study, subject demographics,
intervention arms, diet and dietary pattern methodology description,
number of subjects per treatment, duration of study, author narrative
summary of results, results for individual food components (when avail-
able), means and/or effect estimators, measures of variability (highest
adherence, multivariable adjusted) for outcomes of interest, and author
narrative conclusion.

Risk of bias in individual studies
Risk-of-bias assessments for each included study were conducted inde-
pendently, in duplicate (LT and MEVE), with each article assessed for
the outcome of interest. Assessment responses were compared, and dis-
agreements were discussed and reconciled.

The Cochrane risk-of-bias tool for randomized trials was used to as-
sess the risk of bias for RCTs (15, 16). Risk of bias for each domain (ran-
domization process, intended intervention, missing outcome data, mea-
surement of outcome, selection of reported results) and overall could be
judged as having “low,” “some concerns,” or “high” risk of bias, as well
as “no information.” A response of “no information” to 1 or more sig-
naling questions expected to be answered with reported data resulted
in an overall judgment of “some concerns” for the particular domain. If
at least 1 domain was judged to have “some concerns,” but none were
high, the overall risk of bias was judged as “some concerns.” A single
judgment of “high” resulted in an overall judgment of high risk of bias.

Risk of bias of observational studies was assessed using the Risk
of Bias for Nutrition Observational Studies tool [RoB-Nobs; (8)]. The
RoB-Nobs tool was developed by the NESR team based on modifica-
tions to the commonly used Risk of Bias in Non-randomized Studies-of
Interventions tool [ROBINS-I; (17)] and is designed to ensure applica-
bility to observational studies of food and nutrition. Risk of bias for each
domain (confounding, selection of participants, classification of expo-
sure, departures from intended exposures, missing data, measurement
of outcomes, selection of reported result) and overall could be judged as
having “low,” “moderate,” “serious,” or “critical” risk of bias, as well as

“no information.” The overall risk of bias was judged to be the highest
risk assigned for any individual domain.

Meta-analysis methods
A set of meta-analyses were conducted to complete a quantitative assess-
ment of the available evidence. The effects of higher adherence com-
pared with lower adherence to dietary patterns on risk of sarcopenia
or changes in intermediate markers of sarcopenia (13) were evaluated
using fully adjusted results. Included studies tested for an association
between the odds of an outcome of interest and adherence to a dietary
pattern. Studies excluded from the meta-analysis reported either insuf-
ficient data (e.g., no or incomplete measure of the outcome of interest),
an outcome not accepted to be an intermediate marker of sarcopenia
risk [i.e., accepted criteria per revised European consensus (13)], or an
outcome or dietary pattern method that was insufficiently represented
by the collective evidence base, so as to preclude a meaningful meta-
analysis. Weighting and aggregation of each of the qualified studies’ rel-
evant findings were performed to determine the expected strength of as-
sociation, via an odds ratio (OR), between adherence to a dietary pattern
and development of sarcopenia or change in an intermediate marker of
sarcopenia risk.

For dietary pattern scores designed to indicate the consumption of
healthy food and beverage components (e.g., higher adherence to a
healthier dietary pattern leads to a higher score), a reported OR <1.0
is interpreted as having lower odds of developing the outcome of inter-
est (e.g., sarcopenia, low muscle mass, weakness, etc.), whereas an OR
>1.0 indicates higher odds of developing the outcome of interest. For
certain dietary patterns, such as the Energy-adjusted Dietary Inflam-
matory Index (E-DII) or the Shivappa’s DII, a higher score suggests low
adherence to a healthier dietary pattern. Thus, a reported OR >1.0 is
interpreted as having lower odds of developing the outcome of interest,
whereas an OR <1.0 indicates higher odds of developing the outcome
of interest. Accordingly, the inverse of the reported OR for these cases
was calculated and used in the meta-analysis calculations.

A random-effects meta-analysis statistical model was used to aggre-
gate the qualified study findings using the approach laid out by DerSi-
monian and Laird, and built using Stata software (StataCorp) and Mi-
crosoft Excel (18). A random-effects model is ideal in cases when the
presence of heterogeneity, or variance, in the nature or characteristics of
the qualified findings between studies due to differences in study proto-
cols, study duration, diet patterns, and characteristics of the study sam-
ple such as demographic make-up is expected. Subgroup analyses were
performed for Mediterranean dietary pattern indices and scores, as this
was the most common dietary pattern tested in the evidence base. Sen-
sitivity analyses were conducted to explore the impact of Shivappa’s DII
compared with Tabung’s Empirical DII (TEDII) results from Laclaus-
tra et al. (19) on relevant outcomes. Between-study heterogeneity was
explored using Cochran’s Q test and I2 statistic. Additional statistical
details are provided as Supplemental File 2.

Risk of bias across studies
Studies included in the meta-analysis of this review were assessed for
risk of publication bias via visual funnel plot assessment and the Egger’s
test, using a significance of P < 0.05 to indicate significant asymmetry
(20).
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Records identified through database 
searching

(n = 10206)

Additional records identified 
through other sources

(n = 0)

Records after duplicates removed
(n = 8526)

Records screened
(n = 8526)

Full-text articles assessed 
for eligibility

(n = 168)

Full-text articles excluded, with 
reasons

(n = 130)
Ineligible study design (n=24)

Ineligible population (n=6)
No dietary pattern (n=4)

Macronutrient % or dietary pattern 
information missing (n=23)

Supplement or individual foods (n=11)
Hypocaloric diet (n=12)

Macronutrient mix within AMDR (n=19) 
No comparison diet (n=12)

No outcome of interest (n=19)

Records included in 
qualitative synthesis

(n = 38)
RCTs (n=4); Observational 

Trials (33 original studies within 
34 publications)

Records included in 
quantitative synthesis 

(meta-analysis; n = 16)
RCTs (n=3); Observational 

Trials (n=13)

Records excluded
(n = 8358)

FIGURE 1 PRISMA flow diagram. AMDR, Acceptable Macronutrient Distribution Range; PRISMA, Preferred Reporting Items for
Systematic Reviews and Meta-Analyses; RCT, randomized controlled trial.

Results

Study selection
Figure 1 depicts the flow diagram of the study selection process. A to-
tal of 8526 unique records were screened at the title/abstract level. Of
those, 168 full texts were retrieved to confirm or further assess eligibil-
ity, resulting in 38 publications (representing 37 studies) included in the
qualitative synthesis of this systematic review [Figure 1; Tables 2 and 3;
(19, 21–57)]. The most common reason for exclusion at the full-text
level was failing to meet dietary pattern–related criteria [n = 57; i.e.,
no dietary pattern methodology, missing description of food and bev-
erages in the dietary pattern, intervention as individual foods or supple-

ments rather than dietary patterns, or a macronutrient mix within the
Acceptable Macronutrient Distribution Range (AMDR); Supplemental
Table 3].

Thirteen observational studies (19, 24, 25, 32, 33, 35, 38, 42, 46–
48, 51, 52) and 3 RCTs (54–56) were included in the meta-analysis
(Figure 1).

Study characteristics
The majority of evidence regarding the relation between di-
etary patterns and markers of sarcopenia risk was provided
by observational studies, mainly PC (prospective cohort)
studies (Table 3; Supplemental Table 4). The majority of
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Dietary patterns and the risk of sarcopenia 11

individual observational studies were conducted in Europe and
represented cohorts of fewer than 4000 subjects (Supplemental Table
4). Subjects eligible at baseline were typically at least 60 y of age
(Supplemental Table 4). Of the intermediate markers considered, mea-
sures of muscle performance were most commonly reported (n = 30
studies), whereas measures of skeletal muscle mass were the least
studied (n = 5 studies) (Supplemental Table 4). Dietary patterns were
primarily assessed using indices and scores, for which there were 26
unique methods (Supplemental Table 5). The most commonly utilized
method was a score designed to assess adherence to a Mediterranean
dietary pattern (Supplemental Table 4), which was assessed using 6
different scoring methods ranging from 0 to 55 points for varying
levels of adherence, some with population-specific modifications
(Supplemental Table 5). Mediterranean dietary pattern scores in the
current evidence base awarded points for plant-based protein sources
and generally subtracted points for animal-based protein sources
(meat and dairy), with the exception of fish (Supplemental Table 5).
Two scores, the Dietary Quality Index-International (DQI-I) and the
Healthy Diet Indicators (HDI), specifically considered protein intake
as a percentage of energy, awarding points for either protein ≥10%
of energy or between 10% and 15%, respectively (Supplemental Table
5). The Elderly Dietary Index awarded points for intake of meat 1–2
times/wk and fish 1–2 times/wk, while subtracting points for more or
less intake of either (Supplemental Table 5). Five studies considered
dietary patterns using a factor/cluster analysis approach or a macronu-
trient distribution pattern (i.e., low carbohydrate) (Supplemental
Table 5).

Risk of bias within studies
The overall risk of bias for 3 of 4 included RCTs was judged to have
“some concerns” (Table 2), resulting primarily from risk of bias in the
randomization process (Supplemental Table 6) (54–56). Specifically,
all 4 RCTs provided either insufficient information, or no information
at all, to determine if baseline differences between intervention groups
were suggestive of a problem with the randomization process (54–57).

The overall risk of bias for the majority of included observational
studies was judged to be “serious” (Table 3). The most common rea-
son for a judgment of serious risk of bias resulted from risk of bias due
to confounding (Supplemental Table 7)—specifically, lack of appropri-
ate methodology to control for important confounders (e.g., sex, age,
race/ethnicity, anthropometry, physical activity and/or disability, or so-
cioeconomic status). While the majority of studies adjusted results for
sex, age, anthropometry, and physical activity (as measured using stan-
dardized self-report questionnaires or a single question), the minority
adjusted for race/ethnicity (data not shown).

Intermediate and endpoint outcome results
Details of studies included in the meta-analyses are provided in Sup-
plemental Table 8. The association between adherence to a healthy di-
etary pattern, as proxied by a variety of diet pattern indices/scores, and
sarcopenia or change in an intermediate marker of sarcopenia risk is
summarized in Figure 2.

Sarcopenia
Four studies measured the association between healthy dietary patterns
and risk of sarcopenia (25, 29, 32, 33). The prevalence of sarcopenia at

baseline ranged from 7.3% to 24% (Supplemental Table 9). Three stud-
ies (25, 32, 33) specifically measured the association between adherence
to a variety of healthy dietary patterns examined using an index or score
and the risk of sarcopenia. The aggregated findings showed no associ-
ation between a healthy dietary pattern and reduced risk of sarcopenia
(OR = 0.95; 95% CI: 0.85, 1.06) (Figure 2; Supplemental Table 10).

Muscle strength
There was no association between preservation of hand-grip strength
and the adherence to a healthy dietary pattern, tracked by 7 observa-
tional studies reporting 11 mutually exclusive findings (OR = 0.91; 95%
CI: 0.12, 1.69) (19, 24, 32, 35, 42, 51, 52) (Figure 2; Supplemental Table
8). No association was detected between hand-grip strength and adher-
ence to a healthy dietary pattern when subgroup analyses were used to
compare results of including either of the 2 inflammatory dietary in-
dices reported by Laclaustra et al. (19) and when limiting the analysis to
only Mediterranean dietary patterns (Supplemental Table 10).

In a separate analysis of RCTs, no association between macronu-
trient distribution patterns or a Mediterranean dietary pattern and
muscle strength was found (mean difference in change in hand grip
strength = 0.029 kg; 95% CI: −0.50, 0.56) (Supplemental Table 10). The
calculated Q statistic is 35.01 (P = 0.00) and I2 statistic is 0.91 (Supple-
mental Table 10). Two additional studies (28, 34) reported no associ-
ation between a variety of dietary patterns examined by factor/cluster
analyses and hand-grip strength (Supplemental Table 11).

Muscle performance
Objective measures of muscle performance in the current review in-
clude gait speed, chair rises, standing balance, and the Short Physical
Performance Battery (SPPB). Six studies reported 8 mutually exclusive
effect findings that specifically measured the degree of association be-
tween gait speed preservation and adherence to a healthy dietary pat-
tern as measured by a variety of indices/scores (19, 32, 35, 48, 51, 52)
(Supplemental Table 8). Higher adherence to a healthy dietary pattern
was associated with a decreased risk of reduced gait speed (OR = 0.58;
95% CI: 0.18, 0.97) (Figure 2). Findings remained statistically signifi-
cant when subgroup analyses were used to compare results of includ-
ing only 1 of 2 inflammatory dietary indices reported by Laclaustra et
al. (19) and when limiting the analysis to only Mediterranean dietary
patterns (Supplemental Table 10). There was no association between
change in the number of chair rises within a set period of time and
adherence to a healthy dietary pattern resulting from the analysis of
5 studies reporting 7 mutually exclusive ORs (19, 32, 35, 48, 51, 52)
(OR = 0.94; 95% CI: 0.78, 1.11) (Supplemental Table 8; Figure 2). Sim-
ilarly, the association between standing balance and the adherence to
a healthy dietary pattern, tracked by 3 studies reporting 4 mutually ex-
clusive findings (Supplemental Table 8), was not confirmed (OR = 0.94;
95% CI: 0.45, 1.42) (19, 24, 32, 35, 42, 51, 52) (Figure 2). With respect
to the SPPB, a common assessment tool used to evaluate older people’s
lower extremity functionality, analysis of 4 mutually exclusive findings
that measured the association between a change in SPPB score and ad-
herence to a healthy dietary pattern (19, 32, 38) resulted in no associ-
ation (OR = 0.72; 95% CI: 0.36, 1.08) (Supplemental Table 8; Figure
2). Furthermore, no association was confirmed when subgroup anal-
yses were used to compare results of including only 1 of 2 inflamma-
tory dietary indices reported by Laclaustra et al. (19) and when limiting
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12 Van Elswyk et al.

FIGURE 2 Meta-analysis of observational studies reporting the association between healthy dietary pattern indices/scores and the risk of
sarcopenia or risk of change in intermediate markers of sarcopenia. Note: Effect sizes show the ratio of the odds of a probable sarcopenic
outcome among individuals in the high-adherence diet cohort to a relative to the low-adherence diet cohort. Solid circle sizes indicate the
variance-based study weight. Solid diamond markers indicate aggregated weighted results. See Supplemental Table 9 for reported
association between all dietary pattern types and risk of sarcopenia. See Supplemental Table 10 for heterogeneity statistics and results of
subgroup and sensitivity analyses. ∗Only Shivappa’s DII results from Laclaustra et al. (19) included. ADQ, Adult Diet Quality Score; BSD,
Baltic Sea Diet; CR, change in chair rises per minute; DII, Dietary Inflammatory Index; DVS, Dietary Variety Score; E-DII, Energy-adjusted
Dietary Inflammatory Index; (F), women; GAS, gait speed; HG, change in hand grip; (M), men; MDS, Mediterranean Diet Scale; MED,
Mediterranean Diet adherence score; MEDAS, Mediterranean Diet Adherence Screener; mHDI, modified Healthy Diet Indicator; NDS,
Nordic diet score; SB, standing balance; SPPB, Short Physical Performance Battery; (s), slow speed; SRCP, sarcopenia diagnosis; (u), usual
speed.
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Dietary patterns and the risk of sarcopenia 13

the analysis to only Mediterranean dietary patterns (Supplemental Ta-
ble 10). Two additional studies (28, 34) examined dietary patterns us-
ing factor/cluster analyses; of these, 1 study (34) reported an increased
risk of slow gait speed with higher adherence to a Western-style di-
etary pattern (Supplemental Table 12). One additional study consid-
ered macronutrient-mix dietary patterns and reported significantly de-
creased maximal workload and total workload among subjects report-
ing adherence to a low-carbohydrate, high-fat diet for 3 y prior to a 7-
d observation period (Supplemental Table 12). Finally, 1 RCT reported
significant findings of faster run time for 5 km when subjects (mean age:
28 y) consumed a Mediterranean dietary pattern for 4 d compared with
a Western-style diet in a crossover design study (54) (Supplemental Ta-
ble 13). Findings from 13 studies (21, 23, 26, 27, 30, 31, 40, 43, 45, 46, 49,
50, 53) investigating associations between adherence to dietary patterns
and self-reported measures of muscle performance are summarized in
Supplemental Table 14. Several studies reported at least 1 significant
finding with at least 1 of several dietary pattern methods, but findings
for specific dietary patterns were varied and inconsistent.

Skeletal muscle mass
Two of 3 studies (32, 33) examining dietary patterns using in-
dices/scores and skeletal muscle mass–related outcomes reported a sig-
nificant association (Supplemental Table 15). Specifically, Isanejad et
al. (32), reported that higher adherence to a Mediterranean dietary pat-
tern decreased skeletal muscle loss in women, whereas Karlsson et al.
(33) reported that higher adherence to a Mediterranean dietary pattern
increased skeletal muscle mass in men. Isanejad et al. (32) also reported
a significant association between adherence to the Baltic Sea Diet (BSD)
and decreased skeletal muscle loss. Two additional studies considered
dietary patterns derived by factor cluster analysis and/or macronutrient
distribution (36, 37). Higher intake of total protein was associated with
higher appendicular lean mass in both studies, whereas none of the pro-
tein clusters identified by cluster analysis (i.e., “fast food, full-fat dairy,”
“fish,” “red meat,” “chicken,” “low-fat milk,” and “legumes”) were asso-
ciated (36) (Supplemental Table 15).

Between-study heterogeneity
With regard to all of the observational study meta-analyses, low levels
of heterogeneity were observed. The calculated Q-statistics were small
and not statistically significant (Supplemental Table 10). Furthermore,
the reported I2 statistics in all the observational study analyses were zero
(Supplemental Table 10).

Risk of bias across studies
Supplemental Figure 1 shows the funnel chart of the findings of the in-
cluded prospective cohort studies, which suggests the presence of both
heterogeneity of study protocols and possible publication bias. An Eg-
ger test assessing the presence of publication bias was statistically signif-
icant among the prospective cohort studies (PC-MA Egger bias: –0.951;
P = 0.01). There are also visual signs of publication bias in the funnel
chart as evident by the relatively low number of studies present in the
right-hand side of the funnel plot area (right of the null line, OR = 1).
This suggests the possibility that smaller studies that could have re-
ported null or negative results are missing in the literature. Among the
3 RCTs (54–56), consisting of 4 mutually exclusive sets of results, an Eg-
ger test also shows bias across the included studies but there were too

few studies to provide a high level of confidence in this finding (RCT-
MA Egger bias: –17.52; P = 0.469).

Discussion

In the current review, it was anticipated that, by expanding the evidence
base for sarcopenia and dietary patterns beyond that considered by the
2020 DGAC to include intermediate markers, sufficient evidence may
be available to determine a relation between adherence to healthy di-
etary patterns and reduced risk of sarcopenia. While the resulting evi-
dence base was expanded beyond the 4 studies considered by the 2020
DGAC, the resulting expanded body of evidence had several risks of
bias, including lack of adjustment for all potential confounders in ob-
servational studies and, in particular, lack of adjustment for race and
ethnicity. The 2020 DGAC scientific report notes that race and ethnic-
ity are associated with differential intakes of food groups, nutrients, and
food components (8). Nearly all observational studies included in the
current review failed to adjust for race and/or ethnicity. There were signs
of publication bias suggesting that there is a possibility that smaller stud-
ies that would have reported null or negative results are missing in the
literature. Given the risk of bias evident in the current evidence base,
findings should be interpreted with caution.

Study design protocols explored the relation between dietary pattern
scores, constructed using a variety of approaches, and outcomes of in-
terest measured using a variety of methods (58, 59). However, statistical
heterogeneity among observational studies was low. This finding is not
surprising considering that outcomes in qualified observational studies
were individually considered in outcome-specific meta-analyses; origi-
nal observational study results were consistently expressed as ORs, and
dietary indices and scores shared common characteristics including
higher intake of foods and nutrients considered healthful versus limita-
tion of those considered by the authors as detrimental for health (60).
Low heterogeneity should be interpreted with caution as it does not nec-
essarily suggest no heterogeneity exists but rather that which does exist
may not be an important factor when interpreting results (61).

Gait speed was the only intermediate maker of sarcopenia risk found
to be significantly associated with consumption of a healthy dietary
pattern as examined using an index or score. Significant findings for
gait speed, but none of the other markers of sarcopenia, may reflect a
broader association of gait speed to overall health and mortality with di-
etary patterns that are also broad in nature. In fact, many dietary pattern
indices and scores were developed to better understand the associations
between dietary patterns with mortality or cardiovascular diseases (58,
59). In addition to being an intermediate marker of sarcopenia risk, gait
speed is also considered by some as the “sixth vital sign,” reflecting its
potential to predict functional decline, risk of falls, and risk of hospital-
ization but also mortality (62).

The 2020 DGAC report notes that “Older adults have low intakes
of protein when compared with the EAR (Estimated Average Require-
ment). Given the high prevalence of sarcopenia and reduced muscle
strength, dietary protein should be further examined” (8). In the cur-
rent study, 26 indices/scores designed to assess adherence to a healthy
dietary pattern are represented, but only a few contributed to the evi-
dence base regarding gait speed. Three Mediterranean dietary pattern
scores, a BSD score, 2 scores of diet-induced inflammation, and 1 of
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dietary variety collectively contributed to the observed maintenance of
gait speed in older adults. With regard to protein, Mediterranean dietary
pattern scores in the current review typically subtracted points for some
protein-rich foods, including red meat, poultry, and dairy (as seen with
the Mediterranean Diet Scale, MDS); red meat, poultry, dairy, and eggs
(as seen with the Mediterranean Diet Adherence Score, MED); or red
meat only (as seen with the Mediterranean Diet Adherence Screener,
MEDAS), while awarding points for other protein-rich foods such as
nuts and fish/seafood. None of the Mediterranean dietary pattern scores
distinguished between lean cuts and higher-fat cuts of red meat or poul-
try. While 2 of the 3 Mediterranean dietary patterns scores in the gait
speed analysis subtracted points for any dairy foods, others like the BSD
score, awarded points for low-fat dairy. The BSD also awarded points
for higher intake of Nordic cereal grains (e.g., rye, oats, barley), Nordic
vegetables (e.g., roots, legumes, cabbages, and peas), and Nordic fish
(e.g., salmon and freshwater fishes) (Supplemental Table 5). The Dietary
Variety Score is neutral with regard to protein source, awarding points
for both animal- and plant-source proteins. Of the 2 inflammatory in-
dices, one addressed micronutrients and bioactives rather than food
groups while the other subtracted points for red meat, processed meat,
and organ meat but did not otherwise award points to any protein-rich
foods.

Examination of the contribution of dietary protein to intermedi-
ate markers of sarcopenia was constrained by the design of the current
systematic review protocol. To explore the association between dietary
patterns of varying macronutrient distribution, the 2020 DGAC sar-
copenia protocol required that included studies representing this type
of dietary pattern must have at least 1 macronutrient proportion out-
side of the age-appropriate AMDR in an effort “…to examine the en-
tire distribution of macronutrients in the diet, and not one macronutri-
ent in isolation” (8). In the results of both the current and 2020 DGAC
systematic review, studies meeting this AMDR criterion were limited
in number as many times studies labeled as “high-protein” compared
graded and distinct levels of protein but within the AMDR range (8).
In this review, 15% of studies investigating macronutrient distribution
dietary patterns were excluded at full-text screening because macronu-
trients were within the AMDR range. Design of future systematic re-
view protocols to examine dietary patterns and sarcopenia risk might
be done in a manner that allows inclusion of higher versus lower pro-
tein macronutrient distribution patterns within the AMDR. For exam-
ple, in a systematic review and meta-analysis of older adults and protein
intake, adults with protein intake ≥1.0 g protein/kg per day showed
better walking speed performance in comparison to individuals with
lower protein intake (<0.80 g/kg per day) (63). Recently, multivariant
regression analyses of the association between dietary intake and mus-
cle mass, measured by both dual x-ray absorptiometry and deuterated
creatine dilution, in a cohort of older US men found every incremental
increase in percentage of nondairy animal protein was associated with
increased muscle mass while each incremental increase in plant pro-
tein was associated with lower muscle mass (64). A dietary pattern in-
dex/score specific to risk of sarcopenia and intake of protein may be
warranted.

The current study has limitations. First, while testing of intermedi-
ate disease markers within RCTs can provide evidence and support de-
terminations of biological causality where relations for chronic disease
endpoints are still emerging, the evidence base regarding sarcopenia

and dietary patterns is predominantly observational. The 2020 DGAC
report recognizes that few studies evaluated the relations between spe-
cific dietary pattern methods and health outcomes with RCTs of ade-
quate sample size in diverse populations. Of the 4 RCTs that met our
dietary pattern inclusion criteria, all had small sample sizes and were
of short duration. Second, few indices/scores analyzed “healthy” diets
that promote consumption of high-quality protein (7), making it po-
tentially difficult to use existing dietary patterns scores to make protein-
related recommendations to reduce the risk of sarcopenia. It has been
recommended that indices designed to assess dietary pattern adher-
ence should include evaluation of 2 macronutrients to ensure balance
(58). A dietary pattern index/score specific to risk of sarcopenia and
intake of protein may be warranted. Third, not all intermediate mark-
ers of sarcopenia risk are well represented by the current evidence base.
Low muscle mass is a required criterion for diagnosis of sarcopenia (13)
but was the least studied in the current evidence base. Cost, availability,
and ease of use for various muscle mass measurements may limit their
application in various settings (13). A relatively inexpensive and pre-
cise novel marker of total muscle mass, the deuterated creatine dilution
method, has been reported as strongly related to physical performance
in a cohort of older men (65). Awareness and application of precise,
inexpensive, and convenient measures of muscle mass could improve
the evidence base available to examine the relation between dietary
patterns and sarcopenia. Finally, limitations of observational nutrition
studies on foods and dietary patterns have been recognized elsewhere
and include the following: unclear contribution of individual foods to
observed dietary pattern associations, lack of standardized food group-
ing, lack of generalizability across populations, varying scoring systems
for the same named dietary patterns, long-term variability of intake, un-
known correlation between food intake and exploratory substitutions,
measurement error, and the semi-quantitative nature of dietary data
(7, 66).

Our study also has several strengths. We relied on the most recent
consensus (13) regarding the definition of sarcopenia to identify inter-
mediate markers for meta-analysis. It has been noted that research find-
ings in the field of sarcopenia over the last decade have raised many
questions and use of a clear definition and diagnostic criteria are needed
(13). By focusing on accepted intermediate markers, results from the
current analysis may help guide future research design regarding sar-
copenia and dietary patterns. In addition, by using the systematic review
protocol designed by NESR experts and completing a meta-analysis, our
current review complements and expands upon that used to inform the
2020–2025 DGA and may provide insights for designing a protocol to
investigate sarcopenia risk and dietary patterns for the 2025–2030 DGA
cycle.

In conclusion, while our analysis finds that adherence to healthy di-
etary patterns may preserve gait speed in older adults, the evidence base
is limited by serious risk of bias. More research is needed to understand
the association between healthy dietary patterns and reduced risk of sar-
copenia.
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