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Factors influencing the efficacy of nutritional interventions
on muscle mass in older adults: a systematic review and
meta-analysis

Aitana Martin-Cantero’, Esmee M. Reijnierse " Benjamin M.T. Gill, and Andrea B. Maier

Context: Nutritional interventions stimulate muscle protein synthesis in older
adults. To optimize muscle mass preservation and gains, several factors, including
type, dose, frequency, timing, duration, and adherence have to be considered.
Objective: This systematic review and meta-analysis aimed to summarize these
factors influencing the efficacy of nutritional interventions on muscle mass in older
adults. Data Sources: A systematic search was performed using the electronic
databases MEDLINE, Embase, CINAHL, Cochrane Central Register of Controlled
Trials, and SPORTDiscus from inception date to November 22, 2017, in accordance
with the Preferred Reporting Items for Systematic Reviews and Meta-Analyses
guidelines. Inclusion criteria included randomized controlled trials, mean or median
age >65years, and reporting muscle mass at baseline and postintervention.
Exclusion criteria included genetically inherited diseases, anabolic drugs or hormone
therapies, neuromuscular electrical stimulation, chronic kidney disease, kidney fail-
ure, neuromuscular disorders, and cancer. Data Extraction: Extracted data in-
cluded study characteristics (ie, population, sample size, age, sex), muscle mass
measurements (ie, method, measure, unit), effect of the intervention vs the control
group, and nutritional intervention factors (ie, type, composition, dose, duration,
frequency, timing, and adherence). Data Analysis: Standardized mean differences
and 95%Cls were calculated from baseline to postintervention. A meta-analysis
was performed using a random-effects model and grouped by the type of interven-
tion. Conclusions: Twenty-nine studies were included, encompassing 2255 partici-
pants (mean age, 78.1years; SD, 2.22). Amino acids, creatine, B-hydroxy-3-methyl-
butyrate, and protein with amino acids supplementation significantly
improved muscle mass. No effect was found for protein supplementation alone,
protein and other components, and polyunsaturated fatty acids. High interstudy
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variability was observed regarding the dose, duration, and frequency, coupled with
inconsistency in reporting timing and adherence. Overall, several nutritional inter-
ventions could be effective to improve muscle mass measures in older adults.
Because of the substantial variability of the intervention factors among studies, the
optimum profile is yet to be established. Systematic Review Registration:
PROSPERO registration no. CRD42018111306.

INTRODUCTION

Advancing age is associated with a progressive loss of
muscle mass, strength, and physical performance,
which, when below a certain threshold, is defined as
sarcopenia.' Sarcopenia is prevalent in up to 50% of
community-dwelling adults older than 80 years, accord-
ing to the European Working Group on Sarcopenia in
Older People 2010 definition*; contributes to increased
risk of falls and fractures’; and exacerbates the debilitat-
ing effects of chronic diseases.” Muscle mass declines
3% to 8% per decade after the age of 30 years and con-
tinues to decrease at a faster rate after the age of
60 years,” greatly increasing the risk for development of
sarcopenia. The variation in the rates of muscle mass
decline among adults is dependent on modifiable life-
style factors such as nutrition and physical activity.® '’
Thus, interventions targeting these factors are thought
to play an important role in the prevention and man-
agement of sarcopenia.'’

Poor caloric and protein intake impairs muscle pro-
tein synthesis and leads to skeletal muscle atrophy, caus-
ing impairment of physical performance over time.'?
Nutritional supplementation, such as protein, creatine
(CR), and essential amino acids or their metabolites,
such as f-hydroxy-f-methylbutyrate (HMB), stimulate
muscle protein synthesis in older adults."* '® To optimize
muscle mass preservation and gains, several factors, in-
cluding type, dose, frequency, timing, duration, and
treatment adherence have to be considered."”

The aim for this systematic review and meta-
analysis was to summarize the aforementioned factors
influencing the efficacy of nutritional interventions (ie,
provision of nutrients separately from the diet'®) on
muscle mass measures in older adults. The systematic
review and meta-analysis were performed in accordance
with the Preferred Reporting Items for Systematic
Reviews and Meta-Analysis guidelines."”

METHODS
Literature search

Participants, Interventions, Comparisons, Outcomes,
and Study Design criteria were used to define the
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research question (Table 1). A systematic search was
performed using 5 different electronic databases (namely,
MEDLINE, Embase, CINAHL, Cochrane Central
Register of Controlled Trials, and SPORTDiscus) to
identify randomized controlled trials (RCTs) evaluating
the effect of nutritional interventions on muscle mass
measures of older adults. The systematic search was con-
structed by a senior liaison librarian (research and expert
searching) from a biomedical university library. The
search was performed from the inception date of each
database to November 22, 2017. The systematic review
was registered with the PROSPERO International
Prospective Register of Systematic Reviews (registration
no. CRD42018111306). The combination of Medical
Subject Headings terms and keywords included muscle
mass, fat-free mass, lean mass, nutrition, diet, and el-
derly. The complete search strategy is listed in Table S1
in the Supporting Information online.

Article selection

After the search, all studies obtained were assessed for
eligibility by 2 independent assessors by reviewing titles
and abstracts, followed by a full-text review. Any dis-
agreements were settled through a discussion with a
third assessor. The inclusion criteria required RCTs to
be published in English, include human participants
with a mean or median age of 65 years or older, and re-
port at least 1 muscle mass measurement (ie, lean mass,
appendicular lean mass, skeletal muscle mass, or fat-
free mass) both at baseline and postintervention.
Nutritional interventions included were defined as the
provision of nutrients separately from the diet.'"® The
control group was required to consist of a placebo prod-
uct, involve no additional nutritional supplementation,
or include the same supplementation as the interven-
tion group without the ingredient of interest. Studies in-
volving nutritional counseling or education as the
control group were also included but only if this was
the intervention group. Studies including an exercise
intervention were included if they had a separate inter-
vention arm receiving only the nutritional intervention
and a control group meeting the aforementioned crite-
ria. The exclusion criteria consisted of any animal or
in vitro studies, any population with genetically
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Table 1 Participants, Interventions, Comparisons, Outcomes, and Study Design (PICOS) criteria

Parameter

Criteria

Participants
Interventions
Comparisons

Older adults with a mean or median age of > 65 years
Nutritional interventions defined as the provision of nutrients separately from the diet
Control group defined as a placebo product, involving no additional nutritional supplementation or as the

same supplementation as the intervention group without the ingredient of interest

Outcomes

Muscle mass measures, at least T muscle mass measurement (ie, lean mass, appendicular lean mass,

skeletal muscle mass, or fat-free mass) reported both at baseline and postintervention

Study design Randomized controlled trials

inherited diseases (eg, muscular dystrophies or inflam-
matory myopathies),” studies involving the use of ana-
bolic drugs or hormone therapies or neuromuscular
electrical stimulation, populations with chronic kidney
disease or kidney failure, and any population with dis-
eases known to significantly affect muscle mass (eg,
neuromuscular disorders,** cancer,? or HIV/AIDS).?

Data extraction

Data from the included studies were extracted indepen-
dently by 2 assessors and cross-checked to settle any
discrepancies with a third assessor. Any data not
reported in table format were extracted from the text or
figures. The following variables were extracted: author,
year of publication, study population, type and compo-
sition of the intervention, sample size in the interven-
tion and control group, mean or median age of the
participants in years in each group, and the percentage
of women in each group. The extracted sample size was
the number of participants included in the analyses of
the study (excluding participants who dropped out or
were lost to follow-up). The following details were
extracted for the nutritional intervention: type of inter-
vention, dose (grams), duration (weeks), frequency
(times per day), timing of administration, and adher-
ence (percentage). Data extracted in relation to muscle
mass measures encompassed the following: instrument
or method used to measure muscle mass (eg, bioelectri-
cal impedance analysis), the measure of muscle mass
(ie, lean mass, fat free mass), units to express muscle
mass (ie, kilograms, percentage, kilogram per square
meter, cubic meter), the effect expressed as the mean
difference in muscle mass measures from baseline to
end of intervention, and the statistical significance.

Data synthesis

Studies were divided into groups according to the type
of intervention, classified as amino acids (AAs; essential
or nonessential), CR (including creatine monohydrate),
HMB (or calcium HMB), polyunsaturated fatty acids
(PUFAs), and protein supplementation. Studies with
protein supplementation were further divided into 3

Nutrition Reviews® Vol. 79(3):315-330

groups: protein supplementation alone, protein with AAs,
or protein in combination with other supplements
(namely, CR, HMB, and PUFAs). If the ingredient break-
down of a supplement was not provided, an online search
of the specific product was performed to ensure the sup-
plement was categorized correctly. Although all proteins
are composed of AAs,”* only those protein interventions
for which the specific AA composition of the protein was
specified were grouped into the protein plus AA group.

A heat map was generated, grouped by type of in-
tervention, to visualize a potential pattern for the dose,
duration, frequency, timing, and adherence in relation
to the effect size of the intervention in each study.
Colors were assigned on the basis of what was hypothe-
sized to be more effective for that particular factor: lon-
ger durations, larger doses, greater frequencies, and
better adherence were expected to be more effective at
increasing muscle mass measures.'” The colors were
presented gradually relative to each other on a scale of
red (less effective) to yellow to green (more effective).
The dose was colored per group of type of intervention;
the dose for all protein studies (ie, protein, protein plus
AA, protein plus other) was colored as 1 group (relative
to each other). The timing of the intervention adminis-
tration was not colored as part of the heat map, because
it was not possible to compare each variant of timing
relative to each other. P values were colored as follows:
green for P < 0.05, yellow for P values between > 0.05
and < 0.10 (indicating a trend), and red for P > 0.10.

Quality assessment

The quality assessment of studies was performed inde-
pendently by 2 assessors and discrepancies were dis-
cussed with a third assessor using the Cochrane Risk of
Bias Tool.*” This tool classifies studies as “low risk,”
“high risk,” or “unclear risk” in regard to 7 possible
sources of bias: random sequence generation (selection
bias), allocation concealment (selection bias), blinding
of participants and personnel (performance bias), blind-
ing of outcome assessment (detection bias), incomplete
outcome data (attrition bias), selective reporting
(reporting bias), and other sources of bias. Studies were
graded as of high, moderate, or low quality in
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accordance with the following criteria: (1) high quality
if all domains were met (all sources of bias are low risk)
or 1 domain was of unclear risk; (2) moderate quality if
1 domain was not met (high risk) and 1 was of unclear
risk, or alternatively, if 2 were of unclear risk; and (3)
low quality if >3 domains were of unclear risk or >2
were not met (high risk).*®

Meta-analysis

Muscle mass measures were extracted as mean and SD
and/or change in (A) muscle mass and SD, or A muscle
mass and 95%CI for the intervention and control
groups. If muscle mass was measured at several time
points, only baseline and postintervention measures
were extracted. If the sampling distribution was pro-
vided as the SEM, this was converted to SD for analysis
by multiplying SEM by the square root of the sample
size.’® If data were reported for separate groups (eg,
men and women), a combined mean for the 2 groups
was obtained by calculating the weighted mean.
Standardized mean differences (SMDs) were used to al-
low for comparison of effect sizes between studies®” and
were expressed as SMD and 95%Cls. SMDs represented
the net difference in muscle mass measures from base-
line to the end of the intervention between the interven-
tion and control groups.

A forest plot was generated for visualization of the
meta-analysis results and grouped by the type of inter-
vention. Meta-analyses were performed when > 2 stud-
ies could be pooled. If studies did not report either
sample size, baseline and postintervention values of
muscle mass measures (or A) in terms of mean and SD,
SEM, 95%CI, or exact P value, these studies were ex-
cluded from the meta-analysis, because the SMD could
not be calculated.

A random-effect model was used because demo-
graphics and health status of participants differed across
studies; therefore, the presence of heterogeneity was as-
sumed.”® Heterogeneity was assessed using the I’ test,
considering low heterogeneity present when I* <25%,
moderate heterogeneity when I* >25% and < 50%;
and high heterogeneity was considered present when
I >50%.> For all statistical procedures, P < 0.05 was
considered statistically significant. All analyses were
performed using Comprehensive Meta-Analysis, ver-
sion 3.3 (Biostat Inc., Englewood, NJ).

RESULTS
Search results

Figure 1 shows the study selection process. A total of
12512 studies were identified through the database
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search. After removing duplicates, 8119 studies were
screened for title and abstract and 421 studies were eli-
gible for full-text screening. In total, 29 studies (report-
ing on 29 different studies) were included in the
systematic review and meta-analysis.

Article characteristics

Table 2 lists the characteristics of the included partici-
pants, the measurements of muscle mass, and the effect
of the interventions. In total, 2255 participants were in-
cluded; the range of participants per study was 18 to
380 and the overall median was 54 participants per
study (interquartile range, 30-80). The weighted mean
age was 78.1years (SD, 2.22) and the proportion of
women was 55.1%. Participants in studies that reported
CR supplementation were all men. Most of the studies
were performed in community-based populations
(n=20), 2 studies involved a combined population of
community-dwelling and institutionalized older adults,
5 studies involved hospitalized patients, and 2 studies
included geriatric outpatients. Muscle mass measures
were mainly assessed using dual-energy X-ray absorpti-
ometry (n=16 studies) and bioelectrical impedance
analysis (n = 8 studies).

Quality assessment

Figure S2 in the Supporting Information online pro-
vides a summary of the methodological quality of the
studies. Nine studies were graded as being of high qual-
ity, 6 as of moderate quality, and 14 as being of low
quality. Overall, more than half of the studies were clas-
sified as having unclear risk of bias regarding selection
bias (ie, random sequence generation and allocation
concealment (both n =15 of 29). In 11 of the 29 studies,
it was unclear whether blinding of the outcome assess-
ment was performed (detection bias).

Nutritional intervention factors

Table 3 lists detailed information regarding the compo-
sition, dose, duration, frequency, timing, and adherence
of the nutritional interventions and the control groups.

Type of intervention

Five studies involved AA supplementation,’®>* 3 stud-
ies used CR,” "’ 3 studies included HMB supplementa-
tion,** % 15 studies included protein
supplementation,”’ > and 3 included PUFA supple-
mentation®®>® (Tables 2 and 3). Supplements were
multinutrient (n =25) or single-nutrient (n =4). Table
S2 in the Supporting Information online lists the

Nutrition Reviews® Vol. 79(3):315-330
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Figure 1 Preferred Reporting Items for Systematic Reviews and Meta-Analyses flowchart for the study selection process.
Abbreviations: BIA, bioelectrical impedance analysis; CT, computed tomography; DXA, dual-energy X-ray absorptiometry; MM, muscle mass;
MRI, magnetic resonance imaging; NMES, neuromuscular electrical stimulation; RCT, randomized controlled trial, US, ultrasound.

composition of the nutritional supplements and control
products.

Figure 2 shows the meta-analysis of the pooled ef-
fect sizes. Nutritional interventions showed an overall
positive effect in muscle mass measures (SMD, 0.324;
95%ClI, 0.186-0.463; P < 0.001; I, 72.5%). Four of the 7
types of interventions showed a significant positive ef-
fect on muscle mass measures: AA (SMD, 0.586;
95%CI, 0.181-0.991; P=0.005; I*: 60.9%), CR (SMD,
0.633; 95%CI, 0.213-1.053; P=0.003; I>, 0%), HMB
(SMD, 0.522; 95%ClI, 0.175-0.868; P = 0.003; I, 5.40%),
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and protein plus AA (SMD, 0.432; 95%CI, 0.016-0.849;
P=0.042; I, 58.5%). CR showed the greatest significant
improvement in muscle mass measures. No significant
differences were found between the intervention and
control groups for protein, protein plus other, and
PUFAs. Per subgroup of the type of intervention, signif-
icant positive effects on muscle mass measures were
found in 3 of 5 studies for AA*>*"*%; 1 of 3 studies for
CR’% 1 of 3 studies for HMB*; 1 of 9 studies for pro-
tein*®; 3 of 4 studies for protein plus AA*>*>*% none
for protein plus other; and 1 of 3 studies for PUFAs.””
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Low heterogeneity was present for CR, HMB, and
protein plus other, and high heterogeneity for AA, pro-
tein, protein plus AA, and PUFAs.

The baseline protein intake was reported in 5 of
8 studies for the protein subgroup and in all studies for
protein plus AA and protein plus other (Table S3 in the
Supporting Information online). Baseline protein intake
was >1.0g/kg body weight, as recommended for
healthy older adults,”® except in 3 studies.*>*">

Dose, duration, frequency, timing, and adherence

All studies reported the dose and duration of the inter-
vention (Table 3). The frequency of the intervention
was reported in 26 of the 29 studies and the timing was
specified in 20 of the 29 studies. Ten studies reported
supplement adherence for the intervention or control
groups.

Table 4 reports data from the heat map for the visu-
alization of patterns regarding the efficacy of the factors
dose, duration, frequency, timing, and adherence.
Higher doses, longer durations, greater frequencies, and
better adherence did not appear to be clustered to-
gether, yielding more positive results. In 4 studies, the
dose was individualized to the participant. Seventeen
studies reported administering the nutritional supple-
mentation around meals (ie, before or after meals), 2
studies administered supplementation throughout the
day not related to meals, and 1 study reported having
no specific time to administer the nutritional supple-
mentation. No clear pattern could be observed with re-
gard to the effect of the timing of the intervention on
muscle mass measures. Those studies that did report
treatment adherence, with the exception of 1,* all had
positive effects on muscle mass measures.

DISCUSSION

Nutritional interventions showed an overall significant
positive effect on muscle mass measures in older adults.
When grouped for the type of intervention, the inter-
ventions with AAs, CR, HMB, and protein plus AAs
showed significant positive effects on muscle mass
measures. However, few studies were included per type
of intervention and only a few individual studies
showed a significant positive effect on muscle mass.
Because of the high variability in the composition, dose,
duration, frequency, and timing of the intervention,
coupled with insufficient reporting of treatment adher-
ence, no conclusion can be drawn on the most effective
combination of factors of a nutritional intervention on
increasing muscle mass measures. High heterogeneity
was present among all types of intervention except for
CR, HMB, and protein plus other, which could be
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Group by Author (year) No. Population Statistics for each study Std diff in means and 35%CI
type

Std diff Lower Upper Relative
inmeans  limit limit  P-Value weight
AR Dal Negro (2010} 32 Outpatients 0907 0180 1635 0015 —_— 16.13
AR Dal Negro (2012) 88 Oulpatients 077 0338 1204 0.000 1 2429
AR Leenders (2011) 51 Community-dwelling 0109 -0410 0629 0.680 — 2165
Ady Mataguarnera (2007) 66 Community-dwelling 1.050 0535 1564 0.000 —_— 21.80
AA Verhoaven (2009) 29 Community-dwelling 0000 <0728 0728 1.000 16.12
AR 0586 0181 0991 0005 TR
CR Gatshalk (2002) 18 Community-dwelling 0356 -0581 1293 0456 - 2011
CH Marinari (2013) 55 Community-dwalling 0891 0334 1447 0.002 — 57.06
CR Rawson (1999) 20 Community-dwealling 0232 0648 1111 0.605 & 2283
CR 0633 0213 1053 0003 et
HMB + EAA Baier (2009) 77 C 0 0293 -0156 0743 0201 ] 53.59
HMB + EAA Deutz (2013) 18 Community-dwelling 0.877 -0.006 1850 0077 12.40
HMEB + EAA Flakoll (2004) 50 C g 0751 0176 1327 0010 — Hn
HME + EAA 0522 0175 0888 0003 AR
Protaein Aleman-Mateo (2012) 40 Community-dwelling 0.044 -0575 0664 0.888 10.06
Protein Aleman-Mateo (2014) 100 Community-gdwelling 0063 -0330 0455 0.754 —_—— 1217
Protein [Bos (2000) 23 Hospitalized 0206 -0.726 1.139 0.664 T.36
Protein Flodin (2015) 41 Hospitalized 0138 0756 0479 0.660 ——— 10.08
Protein Ha (2010} 91 Hospitalized 0034 -0378 0446 0873 —_— 12.00
Protain Kemnstatler (2015) 121 Cormmunity-dwelling 0807 0436 1177 0.000 —_— 12.36
Protain Lauvque (2004) B0 Hospitalized 0020 -0420 0459 0.930 —— 11.75
Protein Tietand (2012) 65 Community-dwelling 0076 0411 0563 0.760 —_— 1N
Protein Zhu (2015) 181 Community-dwelling 0800 -1.103 -0.497 0.000 —_—— 123
Protein 0025 -0.340 0390 0894 .
Protain + AS Bawer (2015) 380 Community-dwelling 0205 0004 0407 0.046 —— 41.70
Protain + A8 Bonnefoy (2010) 19 Hospitalized 0114 -1.026 0797 0.806 14.38
Protain + AA Chanet (2017) 24 Community-dwelling 0908 0058 1.748 0.034 —i 16.04
Protein + AA Kemmiar (2017) 67 Community-dwalling 0780 0283 1277 0.002 —l—r 2788
Protein + Af, 0432 0016 0849 0042 -
Protein + other  Bell (2017) 49 Community-dwelling 0.045 -0515 0605 0.875 R 2123
Protain + other Cramer (2016) 124 Community-dwelling oost -0210 0371 0.586 78.77
Protain + other 0073 -0185 03 0578
PUFA Kr Siemaszko (2015) 50 C dwalling 0.006 -0560 0572 0.983 3952
PUFA Logan (2015) 24 Community-dwealling 0926 0084 1.768 0031 —_— . ey |
PUFA Smith (2015) 44 Community-dwelling 0567 -0.067 1202 0.080 . 3 3527
PUFA 0436 -0084 095 0100 e
Overal 0324 018 0463 0000 e
-2.00 -1.00 0.00 1.00 2.00
Favors Control Favors Intervention

Figure 2 Forest plot showing the effect of nutritional interventions on muscle mass in older adults, grouped by the type of interven-
tion. Heterogeneity (reported as P value [%]): amino acids (AAs): 60.9%; creatine (CR), 0%; &bgr-hydroxy-&bgr-methylbutyrate (HMB),
5.40%; protein, 82.4%; protein plus AA, 58.5%; protein plus other, 0%; polyunsaturated fatty acids (PUFAs), 44.9%; overall I, 72.5%.
Abbreviations: EAA, essential amino acid; Std diff, standardized difference.

attributed to methodological differences, including not Creatine
only the factors of interest but also the different instru-
ments of measuring muscle mass. The results point to the significant positive effects of CR

supplementation on muscle mass measures; however
these were limited to 3 studies and all were conducted
. . with community-dwelling men only. The effects of CR
Amino acids have been frequently explored in the context of resis-
tance exercise training. Two previous systematic
reviews reported positive effects of CR on muscle mass
combined with an exercise intervention, including pop-
ulations aged > 50 years®® and > 60 years.'' It has been
suggested that CR supplementation alone is limited in
its effect on satellite cell mitotic activity and that CR
supplementation needs to be combined with exercise to
promote muscular hypertrophy.®® However, the under-
lying mechanisms of CR remain unknown,®” highlight-
ing the need for additional investigations.

Although limited to a few studies, AAs were among the
most effective nutritional interventions for increasing
muscle mass measures in community-dwelling older
adults and outpatients. Another review, although lim-
ited to essential amino acids only, also found this nutri-
tional strategy to be an effective supplement in
improving muscle mass in older adults with acute or
chronic conditions.®’ Furthermore, supplementation of
branch-chained amino acids was found to increase
muscle mass in hospitalized older patients in acute and

rehabilitation wards.®> AAs (essential and nonessential) B-Hydroxy-B-methylbutyric acid

act as primary stimuli for muscle protein anabolism by

initiating messenger RNA translation through the acti- The results demonstrate a significant increase in muscle

vation of the mechanistic target of rapamycin complex mass measures with HMB supplementation in

1, a protein complex that controls the metabolic re- community-dwelling and institutionalized older adults.
63,64

sponse to nutrients and proteins. These findings in relation to HMB, a key metabolite of
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the AA leucine, are in line with those of a previous
meta-analysis.”> HMB is increasingly receiving atten-
tion for its ability to inhibit protein breakdown in skele-
tal muscle and its upregulation of protein synthesis
through the activation of the mechanistic target of rapa-
mycin.*””® The HMB supplements used in the studies
in the present review’® **”! mainly consisted of HMB
(or calcium HMB) in combination with the essential
amino acids arginine and lysine, suggesting that per-
haps this combination could be optimal for building
and maintaining muscle mass. A recent study also
showed the positive effect of HMB combined with argi-
nine and glutamine on muscle mass.””

Protein supplementation

Although the protein plus AA group yielded a signifi-
cant positive effect in community-dwelling older adults,
protein alone and protein plus other did not show sig-
nificant results on muscle mass measures, in concor-
dance with other studies.*”> Another meta-analysis
showed that protein supplementation did not increase
muscle mass in community-dwelling older adults with
sufficient baseline protein intakes.”” Recently, literature
on protein supplementation has also shown no signifi-
cant positive effect on muscle mass in older adults’*”®
or a positive effect on muscle mass, depending on the
muscle mass measure.”® It has also been suggested that
protein supplementation combined with resistance ex-
ercise training could be more effective on muscle mass,
strength, and physical performance than protein sup-
plementation alone. Simultaneously, protein supple-
mentation could augment the effects of resistance
exercise training compared with exercise alone; how-
ever, results are contradictory.®”>77®

All protein interventions contained a certain dose
of AAs; however, the protein plus AA group had a
greater improvement in muscle mass measures com-
pared with studies in which participants received pro-
tein and protein plus other interventions. These results,
therefore, revealed that all types of interventions con-
taining AAs (where the quantity was specified in the
studies) had promising effects on muscle mass meas-
ures, suggesting AAs are a key ingredient to ensuring
the efficacy of a nutritional intervention in increasing
muscle mass.

Polyunsaturated fatty acids

PUFA supplementation was not beneficial for increas-
ing muscle mass measures in community-dwelling
older adults. A study examining the effect of n-3 PUFA
therapy on muscle transcriptome of older individuals
found this nutritional supplement had a very small
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effect in augmenting muscle mass.”” However, another
study that included a resistance exercise program con-
cluded that the anti-inflammatory properties of PUFAs
significantly affected skeletal muscle function in older
adults, leading to an increased anabolic response to ex-
ercise.”> This amplified effect of PUFA supplementa-
tion, when combined with an exercise intervention, was
also supported in a recent narrative review that
highlighted the potential beneficial effects of PUFA sup-
plementation on muscle mass in older adults.** A recent
systematic review supports the inconsistency in findings
across studies, highlighting the need for more trial
data.®

Dose, duration, frequency, timing, and adherence

The high variability among studies regarding the dose,
duration, frequency, timing, and adherence challenges
any conclusions that can be drawn regarding the most
effective combination of these factors. To overcome the
anabolic resistance at older age,*' 10-15g of AA (con-
taining > 3 g of leucine) has been proposed as the opti-
mum dose for older individuals.*” However, even lower
doses of AAs, depending on the type of AAs, might be
more effective; for example, the administration of only
2 g of L-carnitine (an essential metabolite) resulted in
the greatest increase in muscle mass in 1 study.”> The
optimal dose of protein intake has been proposed to be
1.0-1.2 g/kg body weight per day for community-
dwelling older adults, but higher doses might be needed
for hospitalized or institutionalized older adults.’*
These recommendations also allude to the need for ad-
ditional trials with respect to the timing and pattern of
distribution of the intervention. For instance, although
1 study found that the supplementation of protein all in
1 meal was more effective than its distribution across 4
meals,®” other studies showed that an even protein dis-
tribution (25-30 g/meal [ie, breakfast, lunch, dinner])
throughout the day elicits a greater anabolic
response.***

In addition, many studies have been conducted in
conjunction with an exercise program,*® and many of
the existing recommendations on the optimal frequency
and timing of supplements are tailored to athletes and
physically active adults,*” making it difficult to general-
ize the findings across older populations. The observed
variability regarding the optimal duration of a nutri-
tional intervention is in line with another review, which
found no clear indications regarding the optimal dura-
tion to maximize muscle growth.”® In fact, although 6
months has been suggested as the minimum period to
elicit measurable alterations in muscle,*® it remains un-
known whether nutritional interventions stimulate
muscle changes linearly with time or if a ceiling effect is

Nutrition Reviews® Vol. 79(3):315-330



observed before any more increments in muscle mass
can take place.

Treatment adherence is a critical factor for the effi-
cacy of an intervention,®” particularly when nutritional
supplements and alterations to dietary patterns are
known to be difficult to adhere to.”” Only one-third of
studies reported treatment adherence, and all of these,
with the exception of 1, reported a positive effect on
muscle mass measures. This reiterates the association
between ensuring sufficient adherence and the success
of an intervention. Furthermore, adequate reporting of
treatment adherence is required, as well as of the other
intervention factors, among RCTs.”"

Nutritional interventions and muscle strength and
physical performance

The results showed that AAs, CR, HMB, and protein
plus AA interventions had a positive effect on muscle
mass measures, one of the diagnostic measures of sarco-
penia according to the European Working Group on
Sarcopenia in Older People definition.*** Current defi-
nitions of sarcopenia also include muscle strength and
physical performance as diagnostic measures. A recent
meta-analysis showed that multinutrient supplements
had a positive effect on physical performance (chair-
stand test) and muscle strength (handgrip strength),
whereas proteins, as a single-nutrient supplement, only
showed a positive effect on muscle strength.” In this
meta-analysis, multinutrient supplements were defined
as any supplement consisting of multiple nutritional
components,” thus, different types of interventions
were grouped (eg, supplements with whey protein,
vitamin D, and/or leucine, supplements with essential
amino acids, and multivitamins supplements). This ap-
proach does not enable identification of which type of
intervention was most effective and, therefore, these
results are still inconclusive about which type of inter-
vention is effective on physical performance and muscle
strength.

Strengths and limitations

The strength of this review is its broad inclusion criteria
not being limited to any particular population or nutri-
tional intervention, making it possible to compare vari-
ous nutritional interventions. Half of the reviewed
studies were assigned an unclear or high risk of bias re-
garding their blinding, implying a certain degree of per-
formance bias in the studies, which could have affected
the results. The effectiveness of nutritional interventions
differs across various health care settings.”* That most
of the studies included community-dwelling older
adults could have affected the results positively, because
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community-based older populations tend to have a
more adequate nutritional status than their hospitalized
counterparts.”” The effect of nutritional interventions
was studied on muscle mass measures in older adults,
not taking into account muscle strength and physical
performance as outcome parameters.

Recommendations for future research

Current RCT's with nutritional interventions are mainly
performed in community-dwelling or healthy older
populations, and there is a lack of RCTs in clinical pop-
ulations such as hospitalized or institutionalized older
adults. Therefore, RCTs in these clinically relevant pop-
ulations is needed, because nutritional interventions
could improve outcomes. Furthermore, future studies
should take into account the protein-energy intake as
part of the diet, and vitamin D levels®® to ensure this in-
take is adequate. It could be hypothesized that if the
protein-energy intake is inadequate, an additional nu-
tritional supplement alone might be less effective.
However, there is a lack of evidence to support this hy-
pothesis and, therefore, future research should assess
the protein-energy intake at baseline and follow-up
throughout the nutritional intervention to ensure the
protein-energy intake remains adequate. The recently
published international clinical practice guideline for
sarcopenia also supports this hypothesis.”” Nutritional
research should also explore the differences in effective-
ness between multinutrient and single-nutrient supple-
ments, as well as dietary patterns, specific foods, or food
fortification. In general, there is a need for RCTs with
larger sample sizes to increase statistical power, and
RCTs should aim to reduce selection bias, detection
bias, and attrition, and increase adherence. Finally,
authors should adhere to the Consolidated Standards of
Reporting Trials statement™ for reporting RCTs and
the Template for Intervention Description and
Replication checklist.”

CONCLUSION

The findings highlight the potential role of nutrition as
a strategy for the prevention and treatment of sarcope-
nia in older age. Pooled summary effects indicated that
AAs, CR, HMB, and protein plus AAs are effective
interventions for increasing muscle mass measures in
older adults. A few studies were included per type of in-
tervention and a few individual studies showed a signif-
icant positive effect on muscle mass. Because of the
interstudy variability of the included studies in this re-
view with regard to the dose, duration, frequency, and
timing of the intervention, the optimal profile of a nu-
tritional intervention is yet to be elucidated.
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Appropriate adherence to treatment was associated
with positive effects on muscle mass measures, and
efforts should be made to ensure adherence is assessed
and reported in RCTs. Studies are needed to bridge the
gap in knowledge regarding the optimization of nutri-
tional interventions, whereby more-homogenous meth-
ods should be followed to enable a comparison of
factors among studies. High-quality investigations
should also aim to define the optimal profile of exercise
interventions as well as in combination with nutritional
interventions.
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