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Lead Article

Nutritional interventions to improve muscle mass, muscle
strength, and physical performance in older people: an
umbrella review of systematic reviews and meta-analyses

Evelien Gielen ®*, David Beckwée*, Andreas Delaere, Sandra De Breucker, Maurits Vandewoude, and
Ivan Bautmans; on behalf of the Sarcopenia Guidelines Development Group of the Belgian Society of
Gerontology and Geriatrics (BSGG)"

Context: Sarcopenia is a progressive and generalized skeletal muscle disorder asso-
ciated with an increased risk of adverse outcomes such as falls, disability, and
death. The Belgian Society of Gerontology and Geriatrics has developed evidence-
based guidelines for the prevention and treatment of sarcopenia. This umbrella re-
view presents the results of the Working Group on Nutritional Interventions.
Objective: The aim of this umbrella review was to provide an evidence-based over-
view of nutritional interventions targeting sarcopenia or at least 1 of the 3 sarcope-
nia criteria (ie, muscle mass, muscle strength, or physical performance) in persons
aged > 65years. Data sources: Following the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses guidelines, the PubMed and Web of Science
databases were searched for systematic reviews and meta-analyses reporting the
effect of nutritional supplementation on sarcopenia or muscle mass, strength, or
physical performance. Data extraction: Two authors extracted data on the key
characteristics of the reviews, including participants, treatment, and outcomes.
Methodological quality of the reviews was assessed using the product A
Measurement Tool to Assess Systematic Reviews. Three authors synthesized the
extracted data and generated recommendations on the basis of an overall synthe-
sis of the effects of each intervention. Quality of evidence was rated with the
Grading of Recommendations Assessment, Development and Evaluation approach.
Data analysis: A total of 15 systematic reviews were included. The following
supplements were examined: proteins, essential amino acids, leucine,
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B-hydroxy-B-methylbutyrate, creatine, and multinutrient supplementation (with or
without physical exercise). Because of both the low amount and the low to moder-
ate quality of the reviews, the level of evidence supporting most recommendations
was low to moderate. Conclusions: Best evidence is available to recommend
leucine, because it has a significant effect on muscle mass in elderly people with
sarcopenia. Protein supplementation on top of resistance training is recommended
to increase muscle mass and strength, in particular for obese persons and for
> 24 weeks. Effects on sarcopenia as a construct were not reported in the included

reviews.

INTRODUCTION

Aging is associated with a progressive and general loss
of muscle mass and muscle strength.! Loss of muscle
mass is estimated at approximately 35%-40% between
the ages of 20 and 80 years.” The difference in muscle
strength between young persons and healthy elderly
persons ages 60 to 80 years is 20%-40%, and this differ-
ence increases to >50% when compared with those
older than 80 years.” There is, however, wide interindi-
vidual variation in the peak muscle mass and strength
achieved during early life as well as in the rate of decline
of muscle mass and strength in adult and older life.
This explains the differences in the remaining amount
of muscle mass and muscle strength between older indi-
viduals. When a threshold of low muscle mass and
strength is reached, sarcopenia is defined, predisposing
elderly persons to physical disability, mobility limita-
tions, falls, institutionalization, and death."

Since 2009, several expert groups, such as the
European Working Group on Sarcopenia in Older
People (EWGSOP), have tried to incorporate the con-
cept of sarcopenia into an operational definition, but so
far, no consensus definition has been reached."””
Common to these definitions of sarcopenia is that they
contain a component of low muscle mass and a compo-
nent of low muscle function, which may be low physical
performance or low muscle strength. Recently, the
EWGSOP updated its definition of sarcopenia, which
now focuses on low muscle strength as the key clinical
characteristic of sarcopenia and considers low muscle
mass and/or quality to confirm the diagnosis and poor
physical performance to determine its severity.'” On
October 1, 2016, sarcopenia received an International
Statistical Classification of Diseases and Related Health
Problems code (M62.84), which is necessary to diagnose
it as a disease. This recognition urges the need to diag-
nose sarcopenia in clinical practice and to develop
guidelines to effectively prevent or counter this
condition."!

Because of the major clinical and economic bur-
dens of sarcopenia, it is, indeed, critical to find efficient
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and feasible interventions for sarcopenia. The afore-
mentioned variation in the age-related decline of mus-
cle mass and strength indicates a potential role, not
only for sex, height, weight, and genetic heritability but
also for physical exercise and nutritional intake over the
lifetime as determinants of sarcopenia, and thus as po-
tential leads for intervention.*

The role of physical exercise and nutritional inter-
ventions has been examined in several randomized con-
trolled trials (RCTs). The Belgian Society of
Gerontology and Geriatrics has developed evidence-
based guidelines for the prevention and therapy of sar-
copenia for use in broad clinical practice,'* and recently
the results of the Working Groups on Pharmacology
and on Exercise Interventions have been published.'>'*
This review presents the results of the Working Group
on Nutritional Interventions. The aim is to provide an
overview of nutritional interventions targeting sarcope-
nia or at least 1 of the sarcopenia criteria (ie, muscle
mass, muscle strength, or physical performance), with a
focus on interventions studied in systematic reviews or
meta-analyses. Therefore, a systematic umbrella review
was performed and specific recommendations for clini-
cal practice were proposed according to the levels of ev-
idence. The Preferred Reporting Items for Systematic
Reviews and Meta-Analyses guidelines were followed
for this review (Appendix S1 in the Supporting
Information online).”

METHODS
Search strategy and selection criteria

Two databases (PubMed, Web of Science) were system-
atically searched from the earliest date available (1950s
for PubMed, 1900 for Web of Science) until November
8, 2017. Keywords corresponded to the PICOS design,
as follows: population: older adults; intervention: nutri-
tion; comparison: no nutrition; outcomes: sarcopenia;
study design: systematic review and meta-analysis)
(Table 1; see Appendix S2 in the Supporting Information
online for full search strategies).

Nutrition Reviews® Vol. 79(2):121-147
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Table 1 PICOS criteria for inclusion of studies

Parameter Criteria

Description

Study design 1. Is the study a systematic review?

* Only systematic reviews are considered

* No narrative reviews are considered

Participants 2. Does the study involve older people? Adu

Its aged > 65 years are considered

Groups that may be covered:

A.

B.

C.

Intervention
interventions? A

4. Are these interventions aimed at pre-
vention or treatment of sarcopenia? B.

6. Does the study report effects on sarco-  Rele
penia-related outcomes?

QOutcomes

“—TOmMmMmO N>

Healthy older people who remain above the cutoff values of the
EWGSOP diagnostic criteria

Older people with muscle mass below the cutoff values of the
EWGSOP diagnostic criteria but without impact on muscle strength or
physical performance (EWGSOP pre-sarcopenia)

Older people with low muscle mass plus low muscle strength and/or
low physical performance (EWGSOP sarcopenia)

3. Does the study evaluate caloric Caloric and protein supplementation including:

Studies in which the effect of caloric/protein supplementation is com-
pared with no supplementation

Studies in which caloric/protein supplementation is added to an exer-
cise program and compared with a control group of exercise without
supplementation

Barriers and motivators to initiate, adhere, and change related lifestyle
vant outcomes include:

muscle mass

muscle strength

muscle endurance

flexibility

morbidity

disability

death

quality of life

function and participation

adverse events

Abbreviation: ENGSOP, European Working Group on Sarcopenia in

Study selection

Systematic reviews in English reporting the effect of ca-
loric or nutritional supplementation (with or without
an exercise program) on 1 or more of the 3 criteria of
sarcopenia in older adults > 65 years (ie, muscle mass,
muscle strength, or physical performance) were consid-
ered eligible for inclusion in this umbrella review.
Original studies, editorials, letters to the editor, and
narrative reviews were excluded. Animal studies and
studies in patients with ongoing diseases were also ex-
cluded (Table1). Reviews reporting on the effects of
vitamin D supplementation were not taken into consid-
eration, because these were investigated and recently
published by the Working Group on Pharmacology."”
Four authors (D.B., E.G., S.D.B., M.V.), blinded to each
other’s results, screened the titles and abstracts for du-
plicate studies and for eligibility using the Rayyan web
application for systematic reviews.'® Subsequently, full-
text articles were screened by the same authors.
Disagreements were resolved by discussion until con-
sensus was reached.

Nutrition Reviews® Vol. 79(2):121-147

Older People.

Data extraction and methodological quality
assessment

Data extraction was completed by 1 author (A.D.) and
verified by a second author (D.B.) using a data extrac-
tion form based on a template provided by the
Cochrane Collaboration.'” The authors extracted data
regarding the key characteristics of the reviews, includ-
ing participants, treatment, and outcomes. No assump-
tions were made on missing or unclear data.

Two authors (D.B., A.D.) assessed the methodolog-
ical quality of the systematic reviews using the A
Measurement Tool to Assess Systematic Reviews
(AMSTAR) (Appendix S3 in the Supporting Information
online)."®'” This 11-item tool assesses the degree to
which review methods avoided bias. The methodologi-
cal quality was rated as high (score 8-11), moderate
(score 4-7) or low (score 0-3). A quality assessment of
the studies included in the systematic reviews was not
performed.

To organize the evidence, 3 authors (D.B., A.D,,
E.G.) systematically synthesized the extracted data of
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Initial Quality of Body of Evidence

2. Moderate (3) of no meta-analysis

1. High (4) if meta-analysis ' 1. -1 if review of moderate quality

AMSTAR

(AMSTAR score of 4-7)
2. -2 if review of low quality
(AMSTAR score of 0-3)

Figure 1 Method used to rate the quality of the evidence supporting each bottom-line statement. Abbreviation: AMSTAR, A

Measurement Tool to Assess Systematic Reviews.'®

each review. This resulted in standardized effectiveness
statements (ie, sufficient evidence, some evidence, in-
sufficient evidence, insufficient evidence to determine)
about the treatment effect of the intervention(s) in the
individual systematic reviews (Appendix S4 in the
Supporting Information online). In addition, 2 authors
(D.B., E.G.) developed an overall synthesis, beyond a
simple summary of the main results of each review.
These are the “bottom-line statements” about the main
effects of each intervention category. The quality of the
evidence (QoE) supporting each bottom-line statement
was rated by using a method based on the Grading of
Recommendations Assessment, Development and
Evaluation (GRADE) approach for primary evidence
(I=very low; 2=low; 3=moderate; 4=high)
(Figure 1'®).2% This method takes into account study de-
sign (meta-analysis: yes or no) and AMSTAR rating of
the included systematic reviews.

RESULTS
Included studies

A total of 516 studies were screened for eligibility
(Figure 2'%). After removal of duplicates and screening
of titles and abstracts, 448 records were excluded and
53 additional records were removed after assessment of
the full texts. Eventually, 15 systematic reviews were in-
cluded,”’ > of which a meta-analysis had been con-
ducted in 6.>'7***%** In 1 of these, the meta-analysis
was performed for body composition but not for muscle
strength and physical performance.”* AMSTAR scores
varied between 3°*°! and 9°* (Figure 3'®).

The included reviews examined the effects of nutri-
tional interventions on muscle mass, muscle strength,
and/or physical performance. Effects on sarcopenia as a
construct were reported in none of the included
reviews. The following interventions were examined:
supplementation with protein,”»**™*° essential amino
acids (EAAs),”"*>* leucine,”»****** and B-hydroxy-f-
methylbutyrate (HMB)***°; and protein supplementa-
tion plus resistance '(raining,27’32’34’35 creatine supple-
mentation plus resistance training,”*’"*> protein
supplementation plus (various types of) physical

124

exercise,”>*>*"*> EAA supplementation plus (various
types of) physical exercise,”>*””> HMB supplementation
plus (various types of) physical exercise,”** and multi-
nutrient supplementation plus (various types of) physi-
cal exercise.”” “Various types of physical exercise”
indicates that, in those reviews, the exercise program
was not specified or consisted of a multimodal exercise
program (eg, the combination of progressive resistance
training with balance training or a walking program).

The following sections start with an evaluation of
the effect of different nutritional interventions on mus-
cle mass, muscle strength, and physical performance,
leading to bottom-line statements and recommenda-
tions within each intervention category. Importantly,
for most of the nutritional interventions, this umbrella
review could not distinguish the effect in sarcopenic
individuals from the effect in healthy subjects, because
most of the reviews did not specify the sarcopenia status
of the participants.

Table 2°*"*° presents an overview of the included
systematic reviews together with the standardized effec-
tiveness statements and AMSTAR score of the individ-
ual reviews. The bottom-line statements about the main
effects of each intervention together with the QoE sup-
porting each bottom-line statement are presented in
Tables2 and 3. Table 4 gives an overview of the recom-
mendations for each intervention category.

Protein supplementation

Five systematic reviews provided data on protein
supplementation only,”>**"* of which 1 included a
meta-analysis.”> Four systematic reviews (I with a
meta-analysis®*) evaluated the combination of protein
supplementation and resistance training®”>>**** and 4
(without meta-analyses) evaluated the combination
with various types of physical exercise.”®**"*?

Most systematic reviews with, in general, low to
moderate AMSTAR scores indicated either insufficient
evidence or were unable to determine whether protein
supplementation alone is effective to improve muscle
mass, strength, and/or physical performance.”**** One
meta-analysis of moderate quality showed, in a small
number of participants, some evidence in favor of no

Nutrition Reviews® Vol. 79(2):121-147
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Nutritional Intervention

Records identified through
database searching (N = 516)

Additional records identified
through other sources (n =0)

S

Records after duplicates removed (n = 455)

Records screened (n = 455) Records excluded (n = 387)
Y
Full-text articles assessed Full-text articles excluded,
for eligibility > with reasons
(n=68) (n=53)

(n=15)

Studies included in
qualitative synthesis

[ Included ][ Eligibility ][Screening][Identification]

Figure 2 PRISMA flowchart of study selection process. Abbreviation: PRISMA, Preferred Reporting Items for Systematic Reviews and Meta-

Analyses."

difference between protein supplementation and pla-
cebo on muscle mass and muscle strength.”> In con-
trast, a large systematic review of moderate quality,
including 2940 individuals, showed some evidence in
favor of protein supplementation on muscle mass.”’
According to this review, a recommended dietary allow-
ance of 0.83g of good-quality protein per kilogram
body weight per day represents the minimum dietary
protein need of virtually all healthy elderly
persons.”’Together, the data in this umbrella review
suggest a positive effect of protein supplementation on
muscle mass, whereas no clear effect has been reported
on muscle strength and physical performance. On the
basis of the current evidence, proteins may be consid-
ered an intervention to increase muscle mass (QoE
level, 2).

When combined with resistance training, 2 system-
atic reviews of moderate to high quality were unable to
determine whether this combined intervention is more
effective to improve muscle mass than resistance train-
ing alone.””** There was some evidence from 2 system-
atic reviews of moderate quality in favor of no
difference between the combined intervention vs resis-
tance training alone on body composition, muscle
strength, or physical performance.”**”> However, 1 of
these systematic reviews showed, in a meta-analysis of

Nutrition Reviews® Vol. 79(2):121-147

moderate quality, sufficient evidence in favor of the
combined intervention on muscle mass and strength,
but only in persons with a body mass index > 30kg/m”
and, for muscle mass, also when the duration of the in-
tervention was longer than 24 weeks.”® Together, the
data in this umbrella review show a significant additive
effect of protein supplementation on top of resistance
training on muscle mass and muscle strength in persons
with obesity and, for muscle mass, also in persons with
a duration of intervention of > 24 weeks, but no clear
additive effect on physical performance. In conclusion,
to achieve optimal effects on muscle mass and strength
in older adults, particularly those who are obese, protein
supplementation is recommended in combination with
resistance training, with a minimum duration of
24 weeks to increase muscle mass (QoE level, 3).

When combined with a multimodal exercise pro-
gram, 2 systematic reviews of moderate to low quality
found insufficient evidence to determine whether the
combination of protein supplementation with physical
exercise is more effective than no treatment or than the
multimodal exercise program alone to improve muscle
mass or muscle strength.”®** Most of the reviews
showed some evidence in favor of no difference on
muscle mass, muscle strength, and/or physical perfor-
mance.””*"** The quality of these reviews was low to
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Figure 3 A Measurement Tool to Assess Systematic Reviews scores. —

cates “yes.”

moderate. There was 1 systematic review of low quality
that showed some evidence in favor of the combined in-
tervention on muscle mass when compared with an ex-
ercise program alone.”® In the individual trials in these
4 reviews, the exercise intervention varied widely but
generally consisted of progressive resistance training
with or without additional exercises such as balance
training, aerobic exercises, or a walking program,**>"?
or was not specified.”” Together, these data suggest a
positive effect of protein supplementation on top of
physical exercise on muscle mass, but not on muscle
strength or physical performance. In conclusion, pro-
teins on top of physical exercise may be considered to
increase muscle mass, but not for improving muscle
strength and physical performance (QoE level, 2).

Two systematic reviews examined the adverse
effects of proteins alone®® or combined with resistance
training.”” The intake of 1.0 to 1.4 g of proteins per kilo-
gram body weight per day was not associated with ad-
verse events.”® In particular, renal function was not
affected by a 12-week intervention in which 20g of

126

indicates “no”; ? indicates “cannot answer/not applicable”; + indi-

whey proteins were consumed directly after resistance
training.”® However, due to the low number of partici-
pants in these reviews, the evidence was considered in-
sufficient to determine the adverse effect of protein
supplementation.

Essential amino acid supplementation

The reviews included in this section did not specify the
content of the EAA supplement. Reviews specifically
assessing the effect of leucine, a branched-chain amino
acid (AA), are discussed in the next section. Three sys-
tematic reviews provided data on supplementation with
EAA"*>* In 1, a meta-analysis was performed.”!
Three systematic reviews (all without meta-analysis)
evaluated the combination of EAA supplementation
with various types of physical exercise.”®**?

Two systematic reviews of moderate quality
showed either insufficient evidence or were unable to
determine whether EAA supplementation alone is effec-
tive to improve muscle mass, muscle strength, and/or

Nutrition Reviews® Vol. 79(2):121-147
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Table 2 Continued

Reference

QoE

AMSTAR Bottom-line statement about

Standardized ef-

Results/findings®

MA

No. of studies

MS PP

BC

the main effects of interven-

fectiveness

(no. of
participants)

tions and recommendation

statement

within each intervention

category

Insufficient

Physical performance: 0/6 studies

6 (659)

Denison et al

evidence

showed evidence of interactive effects

(2015)*

of multinutrient supplementation with

exercise training

#0utcomes are underlined.

l

ray absorptiometry;
dence; RDA,

indicates

mass; MA, meta-

y X-
ody
QoE, quality of evi

dual—energ
; LBM, lean
stematic review; v,

ining;

ASM, appendicular skeletal muscle mass;
attery; SR, sy
ysical performance) or adverse events; WMD, weighted mean

ndicular lean mass;

confidence interval; DXA,

rogressive resistance tra
performance b

p
sical

oh

I/

, p-hydroxy-f-methylbutyrate

appe
mance; PRT,

h

t;

, short ph

BW, body wei

verse event; aLM,
; FM, fat mass; HM

);

sical perfor

g/m
Sﬁ"
‘dife

rence; SPPB

: AE, aq
th; PP,

ysis
mean

(calculated as k

d

FFM, fat-free ma

7

muscle stren

4

MS

allowance; RM, repetition maximum; S, sarcopenia; SMD, standardize

Y

stematic review/meta-anal

body mass index
d average requirement;

Y!
composition; BMI,
AR, estimate

¢

bod
addressed: sarcopenia (as a construct) or the sarcopenia subdimensions (muscle mass, muscle strength

ercent; EAA, essential amino acid;
y

p -
D, mean difference; MM, muscle mass; MMI, muscle mass index;

ded dietar
the construct that is

difference.

i

Abbreviations: ?, the number of studies was not mentioned in the s

ASMI, appendicular muscle mass index; BC,

E%, ener
analysis;
recommen
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physical performance.”>* There was some evidence
from 1 meta-analysis of high quality in favor of no dif-
ference between EAA supplementation and placebo.”!
Together, no clear effect has been reported of EAA sup-
plementation only on muscle mass, muscle strength,
and physical performance. In conclusion, EAA supple-
mentation should not be considered to increase muscle
mass, strength, and physical performance (QoE level,
4).

Regarding the effects of EAA supplementation with
physical exercise, 2 systematic reviews of low to moder-
ate quality showed insufficient evidence to determine
the effect of the combined intervention on muscle mass,
muscle strength, or physical performance compared
with the effect of the exercise intervention alone, EAA
supplementation alone, or no intervention.**** One
systematic review of moderate quality showed some evi-
dence in favor of no difference between EAA supple-
mentation and EAA supplementation on top of
exercise, either on muscle mass, muscle strength, or
physical performance.”” In contrast, another systematic
review of moderate quality showed some evidence in fa-
vor of the combined intervention when compared with
no treatment or with exercise alone.” In the individual
trials in these reviews assessing the combined effect of
EAA supplementation and physical exercise, the exer-
cise program was not specified® or consisted of pro-
gressive resistance training combined with or without
balance, gait, or other exercises.”>”> Together, no clear
additive effect of EAA supplementation on top of physi-
cal exercise has been reported on muscle mass, muscle
strength, and physical performance. In conclusion,
EAA supplementation on top of physical exercise
should not be considered an intervention to increase
muscle mass, muscle strength, and physical perfor-
mance (QoE level, 2).

Leucine supplementation

Four systematic reviews examined the effect of leucine
supplementation only.”>*>**?° Of these, a meta-analysis
was performed in 2.>°° In 1 of these reviews, a sub-
group analysis was performed to differentiate between
healthy and sarcopenic persons.>

One systematic review of high quality was unable
to determine whether leucine supplementation alone is
effective to improve muscle mass or strength.”> One
systematic review of moderate quality showed insuffi-
cient evidence that leucine supplementation is more ef-
fective to improve muscle mass and muscle strength
compared with the nonsupplemented group,”” whereas
2 systematic reviews of moderate to high quality showed
some evidence in favor of no difference between leucine
and placebo.zz’30 However, there was sufficient evidence
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Table 3 Bottom-line statements with quality of evidence about the main effects of interventions within each intervention
category

Intervention Bottom-line statement about the main effects of interventions within each interven- QoF?
tion category

Nutritional supplementation only

Protein supplementation Data suggest a positive effect of protein supplementation on muscle mass. No clear ef- 2
fect has been reported on muscle strength and physical performance.

EAA supplementation No clear effect has been reported of EAA supplementation on muscle mass, muscle 4
strength, and physical performance.

Leucine supplementation A significant effect of leucine supplementation on muscle mass is shown in persons 3

with sarcopenia but not in healthy subjects. No clear effect has been reported on
muscle strength and physical performance.

HMB supplementation Data suggest a positive effect of HMB supplementation on muscle mass. No clear ef- 4
fect has been reported on muscle strength and physical performance.

Nutritional supplementation + progressive resistance training

Protein supplementation + A significant additive effect of protein supplementation on top of resistance training 3
progressive resistance on muscle mass and muscle strength is shown in persons with obesity (BMI > 30)
training and, for muscle mass, also in persons with a duration of intervention of > 24 wk. No

clear additive effect has been reported on physical performance.

Creatine supplementation + Data suggest a positive effect of creatine supplementation on top of progressive resis- 2
progressive resistance tance training on muscle mass and muscle strength. No clear effect has been
training reported on physical performance.

Nutritional supplementation + (various types of) physical exercise

Protein supplementation + Data suggest a positive effect of protein supplementation on top of physical exercise 2
physical exercise on muscle mass, but not on muscle strength and physical performance.

EAA supplementation + No clear additive effect of EAA supplementation on top of physical exercise has been 2
physical exercise reported on muscle mass, muscle strength, and physical performance.

HMB supplementation + No clear additive effect of HMB supplementation on top of physical exercise has been 2
physical exercise reported on muscle mass, muscle strength, and physical performance.

Multinutrient supplementa- No clear additive effect of multinutrient supplementation on top of physical exercise 2
tion + physical exercise has been reported on muscle mass, muscle strength, and physical performance.

®QoE supporting each bottom-line statement is based on the Grading of Recommendations Assessment, Development and Evaluation
approach for primary evidence: 1, very low; 2, low; 3, moderate; 4, high.

Abbreviations: BMI, body mass index (calculated as kg/m?); BW, body weight; EAA, essential amino acid; HMB, f-hydroxy-S-methylbuty-
rate; QoE, quality of evidence.

Table 4 Recommendations with quality of evidence for each intervention category

Protein supplementation

* Protein supplementation alone may be considered as an intervention to increase muscle mass (low QoE).

* Protein supplementation in combination with progressive resistance training (with a minimum duration of 24 wk to increase
muscle mass) is recommended to achieve optimal effects on muscle mass and muscle strength in older adults, particularly those who
are obese (moderate QoE).

* Protein supplementation on top of physical exercise may be considered to increase muscle mass, but not muscle strength and
physical performance (low QoE).

EAA supplementation

* EAA supplementation alone should not be considered an intervention to increase muscle mass, muscle strength, and physical perfor-
mance (high QoE).

* EAA supplementation on top of physical exercise should not be considered an intervention to increase muscle mass, muscle
strength, and physical performance (low QoE).

Leucine supplementation is recommended for sarcopenic older people to increase muscle mass (moderate QoE).
HMB supplementation

* HMB supplementation alone may be considered an intervention to increase muscle mass (high QoE).

* HMB supplementation on top of physical exercise should not be considered an intervention to increase muscle mass, strength and
physical performance (low QoE).

Creatine supplementation on top of progressive resistance training may be considered an intervention to increase muscle mass

and muscle strength (low QoE).

Multinutrient supplementation on top of physical exercise should not be considered an intervention to increase muscle mass, mus-

cle strength, and physical performance (low QoE).
Abbreviations: EAA, essential amino acid; HMB, f-hydroxy-f-methylbutyrate; QoE, quality of evidence.

from 1 meta-analysis in favor of leucine supplementa- muscle mass is shown in persons with sarcopenia but
tion on muscle mass, but only in sarcopenic older per- not in healthy subjects. No clear effect has been
sons.’® Together, a significant effect of leucine on reported on muscle strength and physical performance.
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In conclusion, leucine supplementation alone is recom-
mended for sarcopenic older people to increase muscle
mass (QoE level, 3).

p-Hydroxy- -methylbutyrate supplementation

Four systematic reviews examined the effect of HMB
supplementation on muscle mass, muscle strength, and/
or physical performance. In 2 of these, HMB supple-
mentation was the only intervention,”*** whereas HMB
was combined with various types of physical exercise in
the other 2.°>** There was 1 meta-analysis about the ef-
fect on body composition.**

Two reviews of moderate to high quality showed ei-
ther insufficient evidence or were unable to determine
whether HMB alone is effective to improve muscle
mass, muscle strength, and/or physical perfor-
mance.”** One systematic review of high quality
showed some evidence in favor of no difference be-
tween HMB and placebo on muscle strength.**
However, the same systematic review showed, with a
meta-analysis, sufficient evidence in favor of HMB sup-
plementation on muscle mass.** Together, these data
suggest a positive effect of HMB on muscle mass but no
clear effect on strength and physical performance. In
conclusion, HMB supplementation may be considered
an intervention to increase muscle mass (QoE level, 4).

When combined with physical exercise, 1 system-
atic review of moderate quality showed insufficient evi-
dence to determine the additive effect of this combined
intervention compared with exercise alone on muscle
strength.”” Another systematic review of moderate qual-
ity showed some evidence in favor of no difference be-
tween the combined intervention and the exercise
intervention alone on muscle mass, muscle strength,
and physical performance.” Looking at the individual
trials in these systematic reviews, the exercise interven-
tion consisted of progressive resistance training with or
without other  exercises™ or  was not
specified.”’Together, no clear additive effect of HMB on
top of physical exercise has been reported on muscle
mass, strength, and physical performance. In conclu-
sion, HMB supplementation on top of physical exercise
should not be considered an intervention to increase
muscle mass, muscle strength, and physical perfor-
mance (QoE level, 2).

Creatine supplementation

None of the included systematic reviews examined the
effect of creatine supplemenation alone. Therefore, no
recommendation can be made about the effect of crea-
tine supplementation alone on muscle mass, muscle
strength, and/or physical performance. Three
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systematic reviews (all without meta-analysis) examined
the combined effect of creatine supplementation and
progressive resistance training,”>>"*

One of these 3 systematic reviews, which was of
low quality, showed insufficient evidence to determine
the additional effect of creatine supplementation on top
of progressive resistance training compared with exer-
cise alone on muscle strength, but there was some evi-
dence in favor of the combined intervention on muscle
mass.”® Two other systematic reviews of low to moder-
ate quality found some evidence in favor of no differ-
ence between creatine supplementation combined with
progressive resistance training and exercise alone on
physical perfomance, whereas on muscle mass and
muscle strength, there was some evidence in favor of
the combined intervention.’”> Together, these data
suggest a positive effect of creatine supplementation on
top of progressive resistance training on muscle mass
and muscle strength, but no clear effect has been
reported on physical performance. In conclusion, crea-
tine supplementation on top of progressive resistance
training may be considered an intervention to increase
muscle mass and muscle strength (QoE level, 2).

Multinutrient supplementation

Although no reviews examined the effect of multinu-
trient supplementation alone or in combination with
resistance training, 2 reviews examined the effect of
multinutrient supplementation on muscle mass, muscle
strength, and/or physical performance in combination
with various types of physical exercise.’"*

These systematic reviews, both of moderate to low
quality, showed insufficient evidence that multinutrient
supplementation combined with physical exercise is
more effective to improve muscle mass, muscle
strength, and physical performance compared with the
exercise intervention alone.’® In these reviews, the
multinutrient supplementation consisted of a variety of
macronutrients (proteins, carbohydrates, fats) and
micronutrients (vitamins, minerals).>""*® In the individ-
ual trials in these systematic reviews, the exercise inter-
vention consisted of progressive resistance training with
or without other exercises,’">> whereas in 1 trial in the
meta-analysis of Beaudart et al, the intervention was a
walking program alone.”® Together, no clear additive ef-
fect of multinutrients on top of physical exercise has
been reported on muscle mass, muscle strength, and
physical performance. In conclusion, multinutrient sup-
plementation on top of physical exercise should not be
considered an intervention to increase muscle mass,
strength, and physical performance (QoE level, 2).
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DISCUSSION

The aim of this umbrella review was to provide a sys-
tematic overview of the effect of nutritional interven-
tions targeting sarcopenia or 1 of the 3 sarcopenia
components: muscle mass, muscle strength, or physical
performance.

As of this writing, best evidence is available to rec-
ommend leucine supplementation, because it has a sig-
nificant effect on muscle mass in persons with
sarcopenia. Protein supplementation on top of resis-
tance training is recommended to increase muscle mass
and muscle strength, particularly in obese persons and
when the intervention lasts at least 24 weeks. Protein
supplementation alone, proteins with physical exercise,
and HMB supplementation alone may be considered to
increase muscle mass, whereas creatine supplementa-
tion with progressive resistance training may be consid-
ered to increase both muscle mass and strength.
Supplementation with EAA and multinutrient supple-
mentation in addition to physical exercise should not
be considered, because no sufficient evidence was found
for an additional effect of the supplement on muscle
mass, strength, or physical performance.

Protein supplementation

Dietary proteins deliver the AAs needed for the synthe-
sis of muscle proteins and form an anabolic stimulus
that promotes muscle protein synthesis (MPS).”” The
current recommended dietary allowance for healthy
adults is 0.8 g/kg body weight,”® a recommendation
based on nitrogen-balance studies. With respect to the
elderly, a systematic review of 23 papers, included in
this umbrella review, found probable evidence to rec-
ommend 0.83 g good-quality protein/kg body weight
per day as the minimum dietary protein need of gener-
ally healthy, elderly people aged > 65 years.”” However,
several limitations related to nitrogen-balance studies
are likely to result in an underestimation of the true
protein need, especially in the elderly, in whom short-
term nitrogen-balance studies may be unable to detect
the slow rate of muscle protein turnover.’
Furthermore, neutral nitrogen-balances studies may not
detect the reduced ability of elderly to use the available
proteins, resulting from subtle changes in protein redis-
tribution due to higher splanchnic extraction and the
so-called anabolic resistance in the elderly.”® Indeed,
current evidence suggests that, although the postabsorp-
tive MPS is preserved in elderly persons, the MPS rate
in response to protein feeding is blunted, with a post-
prandial MPS rate that is 16% lower in persons
aged > 75 years.*
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Therefore, several expert groups currently recom-
mend for the elderly a protein intake that is higher than
the recommended dietary allowance for adults and that
ranges from 1.0 to 1.2 g/kg body weight for healthy el-
derly persons (> 65years), to >1.2 to 1.5g/kg body
weight for elderly persons with an acute or chronic dis-
ease, and up to 2.0 g/kg body weight for elderly persons
with severe illness, injury, or marked malnutri-
tion.”>*"** To maximize the effect of protein supple-
mentation, not only the daily amount of protein intake
should be taken into account but also protein quality
and timing of ingestion. There is increasing evidence
that “fast” proteins (eg, whey, a milk-derived protein)
may stimulate MPS more than “slow” proteins (eg, ca-
sein, the other milk-derived protein) and that an evenly
distributed protein intake during the day, with an in-
take of > 25 to 30 g of protein per meal, is required to
optimize MPS.*>"*> However, despite the well-
established effect of proteins on MPS, individual RCTs
found inconsistent evidence regarding the effect of
long-term (> 12weeks) protein supplementation on
muscle mass, muscle strength, and physical perfor-
mance. Negative findings may be explained, at least
partly, by a suboptimal amount of protein intake, pro-
tein quality, and distribution over the day. More re-
search is needed to define the optimal protein intake
and pattern for the elderly.*>*’

Likewise, systematic reviews and a meta-analysis
included in this umbrella review found mixed evidence
regarding the effect of protein supplementation, with
standardized effectiveness statements varying between
insufficient evidence, insufficient evidence to deter-
mine, some evidence in favor of no difference, and
some evidence in favor of protein supplementation
compared with placebo. Together, these data suggested
a positive effect of protein supplementation on muscle
mass. However, for muscle strength and physical per-
formance, the evidence was, in general, insufficient or
insufficient to determine the difference with placebo. It
should be noted that insufficient evidence might reflect
a lack of statistical power of the studies in the systematic
review to detect an effect of the intervention, thus indi-
cating more likely “no evidence of effect” than
“evidence of no effect.” This might have been the case
for the systematic reviews of Malafarina et al*’ and
Naseeb et al,”® in which the number of studies and the
number of the participants included in the studies were
rather small. Notwithstanding, based on the current evi-
dence, it was concluded that protein supplementation
may be considered an intervention to increase muscle
mass, but not for muscle strength and physical
performance.
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To also obtain an effect on muscle strength, the
combination of protein supplementation and resistance
training is recommended. In recent years, there has
been growing interest in the combination of protein in-
take and physical exercise, especially progressive resis-
tance training. Resistance training stimulates MPS,
although the response is blunted due to aging. When
combining both anabolic interventions, physical activity
may restore the sensitivity of older muscles to protein
or AA intake, thereby increasing the use of the ingested
proteins for de novo MPS.*** In turn, the ingestion of
sufficient proteins in temporal proximity to exercise
produces an anabolic stimulus that increases the MPS
in response to exercise in young and old
individuals.’>*'Inconsistent results of the combination
of protein intake and exercise intervention in individual
RCTs may be explained, at least partly, by an already
adequate baseline protein intake by participants in the
RCTs as well as by differences in protein source, timing
of ingestion, and type and intensity of the exercise
program.

In this umbrella review, the large meta-analysis of
Liao et al** found sufficient evidence in favor of the
combination of protein supplementation and resistance
training on muscle mass and muscle strength, com-
pared with resistance training alone. Therefore, protein
supplementation in combination with resistance train-
ing is recommended to achieve optimal effects on mus-
cle mass and muscle strength. Because the
heterogeneity of the RCTs in the meta-analysis of Liao
et al™* was only acceptable (< 50%) in the subgroups
‘duration of intervention > 24 weeks’ (for muscle mass)
and ‘BMI>30kg/m* (for muscle mass and muscle
strength), it should be noted that the intervention
should last at least 24 weeks to also increase muscle
mass and that the available evidence in particular
applies to obese elderly. Only 1 systematic review exam-
ined, with a meta-analysis, the effect on physical perfor-
mance and the authors found no significant effects of
the combined intervention compared with resistance
training alone.”* Therefore, the recommendation is lim-
ited to muscle mass and strength and states that, to
achieve optimal effects on muscle mass and muscle
strength in older adults, particularly those who are
obese, protein supplementation in combination with re-
sistance training (with a minimum duration of 24 weeks
to increase muscle mass) is recommended.

Finally, this umbrella review examined the effect of
the combination of protein supplementation with vari-
ous types of physical exercise in systematic reviews that
did not explicitly specify the modalities of the exercise
program (ie, type, intensity, duration). Looking at the
individual trials, the exercise programs varied widely
but generally consisted of progressive resistance
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training with or without additional exercises such as
balance training, aerobic exercises, or a walking pro-
gram. This umbrella review indicated a positive effect of
protein supplementation combined with physical exer-
cise on muscle mass. However, for muscle strength and
physical performance, most evidence was in favor of no
difference between the combined intervention and the
control group (mostly exercise only). This might be
explained by the fact that most of the systematic reviews
in the umbrella review included a limited number of
RCTs with small numbers of participants. Therefore,
these RCTs might have been underpowered to detect a
difference between the groups with respect to muscle
strength and physical performance. Together, it was
concluded that protein supplementation on top of phys-
ical exercise may be considered to increase muscle
mass, but not muscle strength and physical
performance.

In this respect, questions may arise regarding the
optimal timing of protein intake relative to physical ex-
ercise therapy, because this might contribute to maxi-
mize the exercise-induced MPS. Research has shown
that the highest level of MPS is observed approximately
60 minutes after the end of exercise training, suggesting
that providing proteins during this period may induce
the greatest anabolic response.”™>> However, the afore-
mentioned exercise-induced increased sensitivity of
muscle to protein feeding may persist for up to 24 hours
after an exercise bout.”® Thus, to take advantage of this
sensitizing effect of exercise, proteins should be con-
sumed within 24 hours of exercise.””*’

Essential amino acid supplementation

Essential (indispensable) AAs are AAs that cannot be
synthesized in the human body, in contrast to the non-
essential (dispensable) and the conditionally indispens-
able AAs. These EAAs should, by consequence, be
supplied from dietary sources. Nine of the 20 AAs from
which human proteins are built are EAAs. Ingestion of
EAAs effectively stimulates MPS in the elderly.”* Even
more, when comparing MPS after the ingestion of an
isocaloric intact whey protein supplement and the same
amount of an EEA supplement, the increase in MPS
rate after whey protein was 50% less than that in the
EAA group. To obtain an equivalent anabolic effect, a
higher dose of whey protein would be needed, resulting
in a higher caloric intake and an energetically equiva-
lent reduction in spontaneous food consumption,
which should be avoided, especially in the elderly. Thus,
supplementation with EAAs is more energetically effi-
cient than with intact proteins.>

Yet, systematic reviews and a meta-analysis in-
cluded in this umbrella-review did not reveal sufficient
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evidence in favor of EAA supplementation, with stan-
dardized effectiveness statements indicating insufficient
evidence, insufficient evidence to determine, and some
evidence in favor of no difference. Although the latter
might be explained by insufficient power, as may have
been the case in the meta-analysis of Yoshimura et al,”!
no clear effect has been reported of EAA supplementa-
tion on muscle mass, muscle strength, and physical per-
formance. Therefore, it was concluded that EAA
supplementation should not be considered an interven-
tion to increase muscle mass, muscle strength, and
physical performance.

Leucine supplementation

These negative findings of individual RCTs and meta-
analyses about the effect of EAAs on sarcopenia compo-
nents may be explained by the content of the EAA mix-
ture, with a lack of so-called branched-chain AAs
(BCAAs). Three of the 9 EAAs (leucine, isoleucine, and
valine) are BCAAs. These BCAAs, especially leucine,
have a particular role in MPS.’® They serve not only as
a substrate for MPS but also have specific positive
effects on the intracellular signaling pathways involved
in MPS.””*® Furthermore, enriching the diet with these
specific EAAs may overcome the rate-limiting effect of
the BCAAs in MPS.*

Therefore, research has been done to evaluate the
effects of BCAA mixtures and leucine alone. In a sys-
tematic evaluation of the evidence, this umbrella review
showed that the standardized effectiveness statements
for the effect of leucine on muscle mass were insuffi-
cient evidence,” insufficient evidence to determine the
difference between leucine supplementation and pla-
cebo,” some evidence in favor of no difference,”” and
sufficient evidence in favor of leucine supplementa-
tion.”® The latter was reported for the meta-analysis of
Komar et al,”® leading us to recommend leucine to in-
crease muscle mass. However, because a subanalysis of
this meta-analysis showed that leucine was only effec-
tive in the subgroup of sarcopenic elderly persons but
not in healthy elderly persons, this recommendation
only applies for persons with sarcopenia. It should be
noted, however, that the meta-analysis of Komar et al®°
did not specify how sarcopenia was defined in the indi-
vidual RCTs.

For leucine and muscle strength, the standardized
effectiveness statements were insufficient evidence,*” in-
sufficient evidence to determine the difference between
leucine supplementation and placebo,”” and some evi-
dence in favor of no difference.’® No RCTs, to our
knowledge, have assessed the effect on physical perfor-
mance. So, in contrast to muscle mass in sarcopenic el-
derly persons, a clear effect of leucine supplementation
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on muscle strength and physical performance could not
be demonstrated.

Thus, BCAAs such as leucine might be promising
pharmaconutrients in the prevention and treatment of
sarcopenia®>>” or, at least, as suggested by this umbrella
review, to improve muscle mass in sarcopenic individu-
als. Recently, however, the unique capacity of BCAAs
and leucine to enhance MPS has been questioned, and
some individual, long-term supplementation studies
with leucine did not show a positive effect on muscle
mass.”>***%° A potential explanation, apart from a
too-short supplementation period, is that although
BCAA have the capacity to stimulate MPS, a full com-
plement of EAAs may be needed to maximize MPS.”
This is true, in particular, in combination with exercise
training, when the difference in MPS after resistance
training between BCAAs and whey protein containing
the same amount of BCAAs may even be as high as
50%.°" This umbrella review did not include systematic
reviews that examined the combined effect of leucine
and resistance training, so this combined effect could
not be evaluated. The explanation is that BCAA mix-
tures may provide too-limited a substrate for MPS due
to limited availability of the other EAAs needed for
MPS.>**° Thus, although BCAA supplementation stimu-
lates MPS, this response may not be maximal, because
BCAAs do not increase the supply of all EAAs that may
become rate limiting for accelerated MPS.***° As with
the BCAA mixtures, leucine supplementation alone does
not provide the other EAAs, thereby limiting the maxi-
mal stimulation of MPS. Moreover, plasma elevation of
leucine leads to oxidation of the other BCAAs, valine
and isoleucine, which then become rate limiting for
MPS. These elements may explain why some individual
trials and systematic reviews included in this umbrella
review did not show positive effects of leucine supple-
mentation. However, the umbrella review provided suf-
ficient evidence to recommend leucine supplementation
for sarcopenic older people to increase muscle mass, but
not for muscle strength or physical performance.

p-Hydroxy--methylbutyrate supplementation

HMB is a metabolite of leucine that has multiple
actions. It stimulates MPS through upregulation of the
mTOR pathway and attenuates protein degradation
through attenuation of the ubiquitin-proteasome path-
way. Furthermore, it may stimulate MPS through
changes in the activity of the GH/IGF-1 axis and affects
satellite cells in skeletal muscle, resulting in increased
proliferation and differentiation of myoblasts.®>

HMB has been widely used by athletes to enhance
muscle mass, muscle strength, muscle power, aerobic
performance, and recovery.®” Studies in the elderly,

Nutrition Reviews® Vol. 79(2):121-147

€202 Jequialdas || uo Jasn inweNn Aq ZZ1L0S8S/1LZ 1/Z/6.L/31911./SMBIASIUONLINU/WOD dNoolWwapeoe//:sdiy Wol) papeojumod



however, remain limited, which is illustrated by this
umbrella review that only included 3 systematic reviews
including discussion of HMB.***>*> One of these, a
meta-analysis, found “sufficient evidence in favor of
HMB supplementation” on muscle mass.”* However,
for muscle strength and physical performance, the evi-
dence was insufficient, insufficient to determine the dif-
ference with placebo, or in favor of no difference,?**°
thus indicating no clear effect on muscle strength and
physical performance. Again, due to the limited number
of studies and participants included in the studies, both
insufficient evidence and insufficient evidence to deter-
mine ratings might reflect underpowering and rather
indicate no evidence of effect than evidence of no effect.
Notwithstanding, on the basis of the current evidence,
it was concluded that HMB supplementation may be
considered an intervention to increase muscle mass, but
not for muscle strength or physical performance. With
regard to the optimal dosage of HMB, evidence is not
conclusive but most studies advise a daily dose of 3 g.

Creatine supplementation

Creatine is endogenously synthesized by the liver, kid-
ney, and pancreas from the AAs arginine, glycine, and
methionine, or consumed in the diet from red meat,
fish, and dairy products. The majority of creatine is
stored in the skeletal muscle, where it combines with
phosphate to form phosphorylcreatine. The latter is in-
volved in the rapid re-synthesis of adenosine triphos-
phate during muscle contraction, thereby improving
high-intensity exercise capacity and leading to greater
training adaptations.”’ *>Although creatine monohy-
drate is the most popular supplement used by athletes,
it is increasingly being studied in combination with re-
sistance training to determine the effect on muscle mass
and muscle strength in the elderly.®

Also, this umbrella review investigated the effect of
creatine supplementation in combination with progres-
sive resistance training.”**"”> For muscle mass and
strength, 3 systematic reviews showed some evidence in
favor of the intervention; thus, the creatine supplemen-
tation had an additive positive effect on top of the exer-
cise program.”®*?*"*? No clear effect has been reported
on physical performance.””** Thus, it was concluded
that creatine supplementation on top of progressive re-
sistance training may be considered an intervention to
increase muscle mass and muscle strength, but not
physcial performance. Recently, the International
Society of Sports Nutrition concluded along the same
line that creatine has a number of therapeutic benefits
in elderly people who are healthy and those with dis-
ease, suggesting that creatine supplementation can help
prevent sarcopenia in the elderly.®’
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Strengths and limitations

The most important strength of an umbrella review is
the power to efficiently extract clinical relevant infor-
mation on which general consensus exists (ie, an um-
brella review considers for inclusion the highest level of
evidence). The literature search was also systematic, in
accordance with the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses guidelines, and
so gives a higher level of evidence than a narrative re-
view. Because an umbrella review depends on the qual-
ity of the included systematic reviews and meta-
analyses, this quality was assessed by wusing the
AMSTAR criteria. Five of the 13 included systematic
reviews were of high quality.

A limitation, inherent to the strict search terms
used in this umbrella review, is the low total number of
eligible reviews (n = 15), together examining 10 types of
interventions (nutrition interventions with or without
resistance training or various types of physical exercise).
In combination with the often low (n =2 of 13) to mod-
erate (n=6 of 13) quality of the included systematic
reviews, this results in low to moderate ratings of evi-
dence supporting most bottom-line statements, espe-
cially when considering combinations of nutritional
intervention and physical exercise. Another limitation,
inherent to an umbrella review, is that the quality of the
individual RTCs was not evaluated nor were the clinical
trials analyzed to the level of the raw data. As such, it
was not possible to distinguish studies using optimal
supplementation from those using suboptimal supple-
mentation. The methodological quality of the included
reviews is, however, an item that is assessed by the
AMSTAR method used to rate the quality of the evi-
dence supporting each bottom-line statement. Next,
this umbrella review was part of the Sarcopenia
Guideline project of the Belgian Society of Gerontology
and Geriatrics, which was initiated in 2015 and for
which the literature search was completed in 2017.
Therefore, databases have been searched until
November 2017 and no more recent reviews have been
included. Finally, physical exercise interventions alone,
which have generally accepted effects against sarcope-
nia, and pharmacological interventions have been docu-
mented recently by other working groups of the
Sarcopenia Guideline project and were not in the scope
of this review.'>'*

CONCLUSION

The aim of this review was to provide an evidence-
based overview of nutritional interventions for sarcope-
nia targeting 1 or more of the 3 sarcopenia domains:
muscle mass, muscle strength, or physical performance.
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On the basis of the results of this umbrella review, it is
concluded that, as of this writing, best evidence is avail-
able to recommend leucine supplementation, because it
has a significant effect on muscle mass in persons with
sarcopenia. Protein supplementation on top of resis-
tance training is recommended to increase muscle mass
and muscle strength. This supplementation is particu-
larly advised for persons with obesity, and the interven-
tion should be performed at least for 24 weeks to
achieve an optimal effect on muscle mass. Protein sup-
plementation alone and HMB supplementation alone
may be considered to increase muscle mass, whereas
creatine supplementation combined with resistance
training may be considered to increase both muscle
mass and muscle strength. Except for the recommenda-
tion about leucine supplementation, this umbrella re-
view could not distinguish the effect of nutritional
interventions in sarcopenic individuals from the effect
in healthy older persons, because all but 1%° of the in-
cluded reviews did not specify sarcopenia status of the
participants. The most important reason for this proba-
bly is the lack of universally accepted criteria for the di-
agnosis of sarcopenia. Therefore, most of the
conclusions in this umbrella review focus on the elderly
in a broader sense, thus encompassing both the preven-
tion and treatment of sarcopenia. Effects on sarcopenia
as a construct were not retrieved.
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