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Abstract: Background: The loss of muscle mass, strength and function associated with increasing age has
various health ramifications, including the elevated risk for falls, fractures, frailty, poor quality of life, and
mortality. Several studies have confirmed the effects of protein supplementation and RT (resistance training)
for this age-related change independently, but whether a combination of the two produces a stronger effect
remains controversial. Objective: This study aims to explore whether a combination of protein supplementation
and RT leads to reduction of muscle mass, strength and function in the elderly. Methods: We retrieved RCTs
(randomized controlled trials) reporting the effects of protein supplementation combined with RT on muscle
mass, strength and function in the elderly, published before May 2018 through PubMed, MEDLINE, Embase,
and manual searches. Results: Twenty-one RCTs were included, involving 1,249 participants. The results showed
that protein supplementation combine with RT significantly enhances the muscle mass and strength of the older
adults, where FFM (fat-free mass) increased by 0.23 kg (95% CI: 0.09, 0.38; P=0.002), ASMM (appendicular
skeletal muscle mass) by 0.39 kg (95% CI: 0.14, 0.64; P=0.002), handgrip strength by 0.29 kg (95% CI: 0.08,
0.50; P=0.008), knee extension strength by 0.27 kg (95% CI: 0.06, 0.47; P=0.013), leg press strength by 0.33 kg
(95% CI: 0.01, 0.64; P=0.04), but no significant effects were seen on muscle function. Conclusion: Compared
to simple RT, protein supplementation combine with RT is more effective in enhancing the muscle mass and
strength in the elderly, and the findings do not support the benefit of combination treatment for muscle function.
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Introduction

About 12% (800 millions) of the world’s population is over
the age of 60 and it is expected that by 2050, the number of
aging will arrive at 2 billion. This sharp increase has led the
health of the elderly to become a major social problem (1). Due
to the natural losing of organ function and the accumulation
of chronic diseases, single disease has been unable to fully
explain the symptoms in the elderly. Therefore, gerontologist
raised the term « Geriatric syndrome « to characterize the
multifactorial clinical conditions among older adults. Dementia,
dizziness, osteoporosis and frailty are the major components
of this syndrome, and more than 50% elderly aged over 65 had
suffered from the syndrome (2).

The musculoskeletal system is a complicated and
multifunctional body composition, involving protection of
human organs, maintaining posture and homeostasis (3).
Several studies have found that human skeletal muscle mass
decreases after 30 years of age, at an average rate of 15%
per decade after age 50, and 30% per decade after age 70
(4). It has been argued that as a result of wasting in muscle
mass, a significant proportion of older adults will experience
decreased muscle strength and muscle function, leading
to the development of sarcopenia (5). It is a multifactorial
geriatric syndrome, the underlying etiology of it may include
but not restricted to: genetic factors, age-related hormonal
changes, malnutrition, neuromuscular dysfunction, and chronic

low-grade inflammation (6). In elderly over 80 years, the
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occurrence of sarcopenia comes up to fifty percent or more, as
a cornerstone of other geriatric syndrome, it represents an rising
incidence of fall, fractures, frailty, poor quality of life, disability
and overall mortality (7).

Currently there are no effective therapies in preventing
this age-related disease. Pharmacological inventions
including vitamin D and androgen supplementations have
not led to consistently beneficial effects (8). Clinical trials
have confirmed that amino acids have a role in stimulating
MPS(muscle protein synthesis), especially leucine, it has
been shown as the great MPS benefits among the older and
younger adults, through the activation of mTORC]1 signaling
(9, 10). RCTs have shown a positive relationship between
dietary protein supplementation with muscle mass, strength
and function in the elderly (11-13). In addition, in the elderly,
RT has been shown to foster the production of muscle protein,
and reduce the attenuation of muscle strength and muscle mass
(14, 15), at present, it has been regarded as the cornerstone
to improve muscle mass and strength (16). Therefore, a
combination of protein supplementation and RT is considered
to produce an amplification effect, as several RCTs have
suggested(17-19). But due to the diversity existence in study
protocols, populations or methodologies, there also exists
inconsistency (20, 21). Indeed, Four meta-analysis have been
performed previously (22-25), all of them have shown that
protein supplementation during RT promote greater increase
in FFM than RT alone (22-24). But based on the existing

literatures, it has not been well-defined whether protein
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supplementation during RT can produce a better effect on
the gain in muscle strength and/or muscle function, since
Cermak and Morton have demonstrated a favorable effect of
protein supplementation on leg-press strength as well as one-
repetition-maximum strength separately (23), more strength and
functional tests analysis are necessary.

Here, we conduct a meta-analysis to explore whether a
combination of protein supplementation with RT is effectively
in enhancing muscle mass, strength and function in the elderly
in a new perspective, and analyze the changes in the body
composition as a supplementary for the first time.

Methods

Search strategy

We searched existing studies through different electronic
databases including PubMed, MEDLINE and Embase. The
search terms were composed of the following combinations:
‘older adults’ OR ‘older population’ OR ‘older people’ OR
‘elderly’ OR ‘aging’ OR ‘senior’ AND ‘nutrition’ OR ‘protein’
OR ‘amino acid’ AND ‘resistance training” OR ‘resistance
exercise’. To avoid missing any published data, we also
checked the reference lists of the retrieved articles. The search
was performed by two researchers independently.

Study selection criteria

Articles were included if they met the following criteria:
(1) Published between January 2004 and May 2018; (2) The
study type is RCT, and the language is limited to English; (3)
Type of participants: adults over 50 years; (4) Interventions:
we included protein supplementations containing leucine, whey
protein, casein, lean meat, low-fat milk or related mixture,
compared with placebo including maltodextrin, carbohydrate,
lactose or nothing supplemented, both groups undergo RT
1-4 times a week. (5) Outcome measures: muscle mass (FFM,
ASMM), muscle strength (hand grip strength, knee extension
strength, leg press strength) and muscle function (gait speed,
time up and go test, chair rise time, stair climb test, SPPB
(Short Physical Performance Battery)). The articles were
excluded if they met one of the following: (1) Duplicated
publications; (2) Non RCTs, including comments, letters,
reviews, meta-analysis, animal studies and pilot studies; (3)
Documents with incomplete data; (4) Other supplements
known to stimulate muscle synthesis was provide with protein
supplementation (e.g., creatine).

Data extraction

Two researchers selected literatures independently according
to the established screening criteria, read the full text of the
literatures that comply with the inclusion standards, and
extracted the following information: (1) The basic information
of the study (the name, first author, published time); (2)
Baseline characteristics of the study subjects (sample size, age,
gender ratio); (3) The implementation sites of the study; (4)

The pattern of interventions on EG (experimental group) and
CG (control group); (5) The length of the study; (6) Outcome
indicators.

For each study, Treatment effects were estimated after the
extraction of mean differences (pre-interventions subtracted
from the post-interventions) and SDs (Standard Deviations).
The changes in SDs were calculated through following
equation if the means and SDs of pre and post interventions
were available(26): SD change = [(SDpre)2+(SDpost)>-2*cor
r(pre,post)*SDpre*SDpost]>. We used 0.95 as the correlation
coefficients between pre and post interventions. But when the
means and 95% CI are shown in the documents, we calculated
the SDs changes through following equation(27, 28): SD
change = [(UCI-LCI)/3.92]*n"? (UCI: upper limit of confidence
interval; LCI: lower limit of confidence interval). For the
measurement of gait speed, more than one test was provided,
including 6-minutes walking test, 300-m walking test. All tests
describing walking capacities were transformed into gait speed,
it was calculated as the walking distance divided by the time
elapsed.

Methodologic quality of included trials

The potential risk of bias was evaluated according to
the Cochrane collaboration’s tool, it’s a five domain-based
assessment: selection, performance, detection, attrition and
reporting bias (29). Two investigators make a judgement of
whether the study had a “low risk”, “high risk”, “unclear risk”
independently, and the divergent would be resolved by group
consultation or invite a third person to assess.

Statistical analysis

Statal2.0 software was used for statistical analysis. The data
included in the studies were continuous variables, all extracted
data were expressed in means and SDs. We calculated SMD
(standardized mean difference), generated forest plots and
adopted the random effects model to estimate study-specific
effect, all tests were 2-tailed and a P value less than 0.05 was
denoted as statistically significant.

The statistical heterogeneity among studies was determined
according to the Chi? test and I? statistic, with P>0.1 and
I’<50% was considered as low heterogeneity, and otherwise it
indicates high heterogeneity when the I? value was higher than
50%, then sensitivity analysis was conducted to investigate the
sources of it. Funnel plot was carried out for the inspection of
publication bias. The Egger’s test of the included indicators was
conducted to test asymmetry, P<0.1 was considered meaningful.

Results

Basic characteristics of the participants

The selection process and detailed characteristics are
described in Figure 1 and Table 1 respectively. We identified
1353 potential records in total, and screened the title and
abstract of 1144 after duplicates were ruled out. Full-text of
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Table 1
Study(year) Study population Study area Intervention Duration Outcome measure
N Gender  Ageyy EG CG
(EG*/CG*) (M*/F¥)
Arnarson2013 161(83/78) 67/94 65-91 Iceland 20g WP*+3times/w RT 40g carbohydrate+- 12 FFM* ASMM* KES* 6MWD* -
3times/w RT* TUG*
Bunout2004 47(31/16) 14/33 70+ Chile 15g Pro*+2times/w RT 2times/w RT 24 FM* HGS* KES* CSA*
Candow2006 20(10/10) 0/20 59-76 Canada 0.3g/kg WP+3times/w RT 0.63g/kg maltodextrin+- 12 FFM, ASMM,CSA LPS*
3times/w RT
Chale2013 80(42/38) 33/47 70-85 American 40g WP+3times/w RT 45g maltodextrin+- 24 FFM, LPS KES, 400MWT#*,
3times/w RT CRT*,
SCT*, CSA, SPPB*
Daly2014 100(53/47) 0/100 60-90 Australia 45g Pro+2times/w RT 75g Rice/Pasta+2times/w 16 FFM KES 4-s ST* TUG,STS*,
RT CSA
Junior2017 31(15/16) 0/31 60+ Brazil 35g WP+3times/w RT 35g PLA*+3times/w RT 12 ASMM KES
Karelis2015 67(34/33) 15/52 65-88 Canada 20g WP+3times/w RT 20g casein+3times/w RT 20 FFM,LPS
Kim2012 77(38/39) 0/77 75+ Japan 6g EAA*+2times/w RT 2times/w RT 12 FFM,ASMM ,GS*
Kim2016 71(36/35) 0/71 70+ Japan 3g AA*+2times/w RT 2times/w RT 12 ASMM HGS,GS KES
Kukuljan2009 91(45/46) 91/0 50-79 Australia 13.2g Pro+3times/w RT 3times/w RT 72 FFM,LPS,GS,CSA
Leenders2013 53(27/26) 31/29 69-71 Netherlands 15g Pro+3times/w RT 7.13g lactose+3times/w 24 FFM . FM.LPS STS,CSA
RT
Maltais2016 18(8/10) 18/0 60-75 Canada 12gPro 7gEAA+3times/w RT ~ 395ml milk+3times/w RT 16 FFM,ASMM,LPS GS,TUG,CRT
Nabuco2018 46(23/23) 0/46 60+ Brazil 35g WP+3times/w RT 35g PLA+3times/w RT 12 ASMM KES ,GS,CRT
Oesen2015 77(36/41) 9/68 65+ Austria 20.7g Pro+2times/w RT 2times/w RT 24 HGS ,GS,CRT
Rossato2017 23(11/12) 0/23 58-70 Brazil 1.2g/kg Pro+3times/w RT 3times/w RT 10 FFM KES
Tieland2012 62(31/31) 21/41 65+ Netherlands ~ 30g Pro+2times/w RT 7.1g lactose+2times/w RT 24 FFM,ASMM_LPS KES HGS ,SP-
PB,GS.CRT
Trabal2015 24(12/12) 8/16 70+ Spain 10g Leu*+4times/w RT 10g maltodextrin+- 12 LPS.GS,TUG,CRT
4times/w RT
Verreijen2015 60(30/30) 28/32 55+ Netherlands ~ 21g Pro+3times/w RT 150ml PLA+3times/w RT 13 ASMM HGS ,GS,CRT
Verreijen2017 57(32/25) 22/35 55-80 Brazil 1.3g/kg Pro+3times/w RT 3times/w RT 10 FFM HGS ,GS ,CRT
Weisgar- 24(12/12) 0/24 52+ Canada 40g WP+2times/w RT 30g maltodextrin+- 10 ASMM KES
ber2015 2times/w RT
Zdzieblik2015  60(30/30) 60/0 67-77 Germany 15g Pro+3times/w RT 250ml PLA+3times/w RT 12 FFM KES ,biceps curl triceps

extension

EG:experimental group; CG:control group; M/F:male/female ;Pro:protein supplementation; WP:whey protein; AA:amino acid; EAA:essential amino acid; Leu:Leucine; RT:resistance
training; PLA:placebo; FFM:fat-free mass; ASMM:appendicular skeletal muscle mass; HGS:hand grip strength; KES:knee extension strength; LPS:leg press strength; GS:gait speed;
6MWD:6-min walking distance; 400MWT:400m walking test; STS:sit to stand test; CRT:Chair rise time; SCT:stair climb time; 4-s ST:4-square step test; CSA:muscle cross sectional
area. M/F, male/female; WP, whey protein; ASMM, appendicular skeletal muscle mass; KES§: knee extension strength; 6MWD, 6-min walking distance; TUGY, Time up and go test;
Pro, protein supplementation; HGS+{+, hand grip strength; CSA##, muscle cross sectional area; LPS§§, leg press strength; 400MWT, 400-m walking test; CRTYY, Chair rise time; SCT,
stair climb time; SPPB7: short physical performance battery; 4-s ST, 4-square step test; STS§§S, sit to stand test; EAA, essential amino acid; GSY99, gait speed; AA, amino acid.

62 articles were assessed for eligibility, and 21 studies (1249
subjects) from 11 countries worldwide were included in the
systematic review ultimately (19-21, 30-47). Among these
participants, 639 (51.16%) received protein or amino acids
products and 610 (48.84%) received either placebo or nothing.
All the participants experienced RT 2-4 times in inconsecutive
days per week. The majority of the studies included in our
research were comprised of both males and females (47.62%),
3 trials (14.29%) were exclusively males (36, 38, 43) and 8
(38.10%) constitute of females only (21, 32, 33, 35, 42, 44-46).
Of these, 12 trials (57.14%) were done in the healthy(30-33,
36, 37, 39, 41, 42, 44-46), leaving that sarcopenic in 4 trials
(19.05%)(21, 35, 38, 43), obese in 2 trials (9.52%) (20, 47)

and frail (40), mobility-limited(19), non-frail (34) in 1 trial
separately.

Body composition

We analyzed changes in body composition, including BD
(Body Weight), BMI (Body Mass Index), muscle as well as
fat mass. Several techniques were applied in body composition
assessment, DXA (dual energy x-ray) as the gold standard
methods was the most frequently used, 15 of the 21 studies used
DXA (19, 20, 30, 31, 33, 34, 36-38, 40, 42-46), except two that
used BIA (bioelectrical impedance analysis) (21, 35) and the
other two used ADP (air-displacement plethysmography) (32,
47).

453



J Nutr Health Aging
Volume 23, Number 5, 2019

EFFECT OF PROTEIN SUPPLEMENTATION WITH RESISTANCE TRAINING ON MUSCLE MASS, STRENGTH & FUNCTION

Figure 1
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Changes in muscle mass

A total of 18 RCTs reported muscle mass changes(19-21,
30, 32-38, 40, 42-47), with a total of 1,039 patients, including
526 (50.63%) in the EG and 513 (49.37%) in the CG. Among
which, studies that reported changes in FFM included 13 RCTs
(61.90%) in total(19, 30, 32-38, 40, 43, 44, 47), the effect sizes
obtained from our studies indicated that greater increases in
EG compared with CG, with the SMD being 0.23 kg (95% CI:
0.09, 0.38; P=0.002), the analysis did not revealed significant
heterogeneity between studies (1’=3.8%, P=0.409) (Figure
2). A similar result was observed for ASMM(20, 21, 30, 32,
35, 38, 40, 42, 45, 46), with a larger improvement of 0.39 kg
(95% CI: 0.14, 0.64; P=0.003) in EG (Figure 2), no evidence of
significant heterogeneity between studies was found (I’=45.9%,
P=0.055).

Changes in BD, BMI and fat mass

The meta-analysis results in BD, BMI, fat-mass and fat
percentage between EG and CG were showed in Figure SI.
Compared with the CG, the body weight and BMI did not show
any significant difference within the intervention groups. But
the individuals assigned to the EG existed a greater reduction in
fat-mass (SMD= 0.19 kg, 95% CI: 0.36, 0.01; P=0.04) and fat
percentage (SMD= 0.40 kg, 95% CI: 0.69, 0.12; P=0.005).

Muscle strength

Out of seventeen RCTs that were included in exploring
muscle strength changes (19-21, 30-34, 39-47), involves 911
participants, 469 (51.48%) in the EG, 442 (48.52%) in the CG.
Changes in muscle strength between groups were investigated
by measuring the hand grip strength in 6 RCTs (20, 21, 31, 39,
40, 47), knee extension strength in 11 RCTs (19, 21, 30, 31, 33,
40, 42-46) and leg press strength in 5 RCTs (19, 32, 34, 40, 41).
The meta-analysis revealed positive effect on muscle strength in
the EG, with the handgrip strength increased by 0.29 kg (95%
CI: 0.08, 0.50; P=0.008), knee extension strength increased by
0.27 kg (95% CI: 0.06, 0.47; P=0.013) and leg press strength
increased by 0.33 kg (95% CI: 0.01, 0.64; P=0.04). All studies
did not demonstrate significant heterogeneity (Figure 3).

Muscle function

A variety of methods were used to evaluate muscle function,
we pooled the gait speed test in 9 RCTs(19-21, 30, 35, 36,
38, 39, 47), time up and go test in 4 RCTs (30, 33, 38, 41),
chair rise test in 7 RCTs (19, 20, 38, 40, 41, 46, 47), and
SPPB in 2 RCTs (19, 40), stair climb test (19) in 1 RCT
separately, since these are the most common assessment
measures in muscle function. Between the two interventions,
no significant differences in gait speed (P=0.83), time up
and go test(P=0.10), chair rise time (P=0.80), SPPB (P=0.07)
and stair climb test were found (Figure 4). The heterogeneity
was prominent between the studies. To explore the sources
of the heterogeneity, we performed the sensitivity analysis
(Figure S2). Once the study “Kim2016” and “Maltais2016”
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was excluded in the gait speed test, the heterogeneity would be
reversed, but the results kept no statistically significant, with the
SMD being 0.11 (P=0.25). Same method was used in the chair
rise test, we found that after excluding the literature that caused
heterogeneity, the overall result remained stable.

Figure 3
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incidence of hip fracture. Four studies (8 participants) provided
information on back pain (33), knee pain (32, 35), osteoarthritis
(33) or physical pain (41) in different degrees. Additionally,
Three participants in one study suffered minor injuries related
to training (34). One study reported a heart attack and a
transient ischemic attack respectively, but it is unclear whether
these events were directly related to the interventions (37).

Figure 4
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Adverse event

In majority of the studies, serious adverse events were
scarce, but several milder events occurred during interventions.
Fourteen people fell down in two studies (31, 35), with one

Quality evaluation and Publication bias

Of the 21 studies included, 14/21 trials showed the random
allocation sequence generation methods, 15/21 trials mentioned
allocation concealment, and 17/21 clarified the incomplete
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outcome data, 14/21 had blinded the investigators and the
participants. Because of the insufficient details, we judged an
unclear risk in the blinding of outcome assessment in almost all
literatures.

The Egger’s linear regression test for FFM indicated the
presence of publication bias in our analysis (t= 3.06, P= 0.01).
Although we have adopted broad inclusion criteria and explored
various search strategies to obtain more relevant literatures, it is
inevitable that some documents may be omitted.

Discussion

In this meta-analysis of RCTs, we gathered over 1200
participants, which is approximately double of the former
reviews (22-24). Because of the limited number of studies
based on the sarcopenia, we included participants with different
baselines, involving sarcopenic, frail, obese and healthy. We
evaluated current evidence looking at the combination effect of
protein supplementation and RT on the muscle mass, strength
and function in older adults. Our analysis showed that protein
supplementation combined with RT may enhance muscle mass
and strength in the elderly, but for muscle function, no distinct
benefit was noted from the intervention during the entire study.

The negative findings in our analysis contrast with the
widely held perception that the protein intake and RT would
increase muscle function in the older population. Well
documented determinants explain the variation in muscle
function, including age, gender, race, body-fat, weight and
muscle strength (48-50). There is no denying the fact that age
is inversely proportional to muscle function. And it has been
suggested that comparing with the male and Europeans as well
as Americans, female and Africans experience a higher risk and
incidence of poor muscle function (50). Previous meta-analysis
has shown the connection between higher BMI and relatively
high fat percentage with age-related decline of muscle function
(51). In addition, the intermuscular fat, which is positively
correlated with body fatness, can significantly reduce the
function of the elderly, and it is an independent risk factor for
muscle function (50). This is consistent with the prior studies
that body-fat is an important predictor of the muscle function
(52). What’s more, studies have shown that older adults with
low muscle strength have a particularly high risk of a decline
in walking speed and of developing mobility limitation, and it
is well established that muscle strength is a strong predictor of
muscle function, it has turned out to be more correlated with
functional capacities than muscle mass (53, 54). However,
the relationship between muscle mass and muscle function is
less known, and unlikely to be linear. Recent cross-sectional
studies have found that low muscle mass is associated with
poor functional performance, but due to the close relationship
of muscle mass and muscle strength, it remains unclear whether
this connection is the contribution of muscle mass itself or
mediated by muscle strength (50).

Although our analysis has restrictions common to the

previous studies (significant heterogeneity, short terms), it
also has many strengths. In our analysis, the individual studies
were well powered and the number of the participants is large
enough to assess the endpoint, as well as the various screening
tools used to identify the muscle function. Therefore, the failure
of our meta-analysis to show the benefit across the muscle
function is likely to be a real finding.

Recent studies show that the strategies toward the
decreased muscle mass, strength and function, namely
the therapies for sarcopenia, can be achieved through
comprehensive approaches. Based on 130 sarcopenic elderly
people, Rondanelli and his colleagues verified that nutritional
supplementation with whey protein, essential amino acid,
vitamin D concurrent with regular, controlled physical activity,
could not only boosts the muscle mass and strength, but also
enhance muscle function in the sarcopenic elderly (55). Bo
et al also demonstrated the combination effect of protein,
vitamin D and vitamin E on the sarcopenia (56). In addition,
A recent meta-analysis of the results of 32 studies indicate
that nutritional treatment, such as a protein and vitamin D rich
diet, and perform physical exercise regularly helps to prevent
frailty (57). Silva and coworkers have most clearly shown the
protective of a Mediterranean diet toward frailty, functional
disability and sarcopenia 58). All of these demonstrate that
the combination treatment is critical for geriatric syndrome,
especially the musculoskeletal disorders.

Several limitations exist in the present meta-analysis. First,
due to the diversity of the supplementary products, there
was a lack of unified protein supplementary dosage. In our
analysis, the EG were supplemented with whey protein (8/21),
amino acids (5/21), milk (3/21) and other animal protein
or compounds (5/21), and were supplemented in different
quantities and frequencies. The ESPEN (European Society of
Parenteral Enteral Nutrition) recommends that elderly patients
with either acute or chronic conditions should be given 1.0
to 1.2 g/kg protein, half of which must contain high quality
protein, and distributed amongst the three meals in a day to
achieve maximum MPS rate (59). Second, the duration of the
included studies was short, the intervention period ranged from
10 to 72 weeks, and 14 of 21 studies followed-up for 18 weeks
or less. Literatures have found that longer training periods
(=24 weeks) are more effective in building muscle strength
compared with shorter ones (<18 weeks) (60, 61). A 7 year
follow-up prospective study showed that doing RT for one
year, and observation after 7 years, the participants exhibited
advantages in muscle strength than the non-trained, but the RT
cannot attenuate the age-related muscle weakness, therefore, the
studies suggest that the RT should be maintained lifelong (62).
Third, we used SMD as the statistic metric, it might be less
sensitive in detecting changes in SDs in the studies. Therefore,
studies of adequate amount of protein or amino acid intake and
longer duration RT is required in the future.
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Conclusion

In the present meta-analysis, we demonstrated that when
compared with individuals assigned to a resistance training
alone, the elderly assigned to a protein supplementation
combined with resistance training achieve greater increase in
muscle mass and strength, as well as a small but significant
decrease in the fat-mass and fat percentage, and the findings
do not support the benefit of combination treatment for muscle
function. Thus, comprehensive approaches including multiple
nutrition supplement and resistance training may be alternative
tools against sarcopenia, as well as geriatric syndromes.
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