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Abstract

Protein and amino acid supplementation is an effective intervention that significantly

enhances physical function and reduces frailty and sarcopenia in older adults. This

scoping review aims to map and synthesize the available evidence on the effects of

various types of protein and amino acid supplementation in this population. Fol-

lowing the PRISMA‐ScR guidelines, we conducted a literature search to identify

clinical trials examining the effects of protein and amino acid supplementation, with

or without physical exercise, on muscle strength, physical performance, and body

composition in healthy, frail, or sarcopenic older adults. Our analysis of 80 trials with

a total of 5290 participants examines the evidence for the effectiveness of protein

supplementation in enhancing muscle strength and body composition. Whey pro-

tein, creatine, milk protein, leucine, essential amino acids, and soy protein were the

most used types of protein, and our findings indicate that whey protein, creatine,

and milk protein yield the best results when used in conjunction with resistance

training. Additionally, leucine and milk protein have shown the potential to enhance

body composition even without concurrent resistance training. In conclusion, studies

on the effectiveness of whey protein in improving muscle strength and body com-

position in older adults with resistance training are inconsistent. More research is

required to explore the potential benefits of soy and leucine‐enriched supplements.

Protein supplementation's impact on physical performance remains inconclusive.

Further studies are needed to determine the effects of protein types and supple-

mentation on muscle‐related parameters in older adults.
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INTRODUCTION

The process is linked to a gradual reduction in muscle mass and

strength, accompanied by broader declines in other physiological

functions. This multifaceted decline ultimately contributes to func-

tional limitations, more pronounced disability, and an increased reli-

ance on assistance.1 Over the past few decades, the older adult

population has experienced an escalating increase in the risks of falls,

loss of independence, and even premature death.2 This situation is

further exacerbated by the higher economic burden placed on the

healthcare system.2 Frailty is a complex, multidimensional syndrome

characterized by a reduction in physiological reserve across several

body systems, leading to an increased vulnerability to stressors and

adverse outcomes such as falls, disability, and hospitalization.3 Sar-

copenia, on the other hand, refers specifically to the progressive loss

of skeletal muscle mass and strength, which directly impacts physical

performance.4 Frailty and sarcopenia are significant public health

problems in older adults; these issues affect their physical function

and quality of life, and increase their risk of falls, fractures and hos-

pitalization.5 As the world population continues to age, there is a

growing need for interventions that can prevent or treat frailty and

sarcopenia and improve the health and independence of older adults.

As a modifiable lifestyle factor, nutrition holds the potential to

promote active and healthy.6 Notably, a protein intake exceeding the

current recommended dietary allowance (RDA) of 0.8 g/kg/day has

been suggested as a viable approach to safeguard physical function in

older adults.7 Protein is essential for maintaining muscle mass and

function, and sufficient protein intake is crucial for preventing muscle

loss and functional decline in older adults.8 However, older adults

often have a decreased appetite and decreased ability to absorb

protein, which can lead to protein malnutrition and an increased risk

of frailty and sarcopenia.9

Protein supplementation has been shown to increase muscle

mass, strength and physical function in older adults.10,11 Further-

more, protein supplementation improves physical function,12,13 body

composition14–16 and muscle strength17–20 during physical exercise.

The effects of protein supplementation on frailty and sarcopenia are

thought to be due to increased muscle protein synthesis and

improved muscle function, which can lead to improved physical

performance and reduced risk of falls and fractures.21

Despite the evidence that protein supplementation can improve

physical function and reduce frailty in older adults, there is still a need

for more research to fully understand the effects of different types of

protein on frailty and sarcopenia. Different sources of protein, such

as whey, soy and milk, have distinct amino acid profiles and rates of

digestion, and they may exert dissimilar effects on muscle protein

synthesis and physical performance.5 Furthermore, it is not clear

which type of protein is the most effective or safe for older adults,

and what the optimal amount of protein supplementation is for

reducing the risk of frailty and sarcopenia.

This scoping review specifically aims to provide a comprehensive

overview of the available literature on the effects of various protein

supplementation strategies on sarcopenia‐related outcomes, such as

muscle strength, muscle mass, and physical performance in older

adults. This approach was chosen to map the existing evidence, ex-

plore the types of protein studied, and identify gaps in the literature.

By synthesizing the available evidence, this scoping review aims to

guide healthcare professionals and researchers in understanding the

current landscape of protein supplementation research and highlight

areas that require further investigation to support older adults in

reducing the risk of frailty and sarcopenia.

MATERIALS AND METHODS

We completed this review in accordance with the Preferred Re-

porting Items for Systematic Reviews and Meta‐Analyses extension

for Scoping Reviews (PRISMA‐ScR).

Data resources and search strategy

We conducted this review by performing thorough automated online

searches. We searched the following online databases for articles:

PubMed, EMBASE, the Cochrane Library Database, Scopus, and

Google Scholar. The search covered RCTs published in English

between January 1, 2000, and July 1, 2022. Our search strategy

incorporated keywords related to the target population (eg, frailty,

older adults), interventions (eg, protein supplementation), and out-

comes (eg, muscle strength, physical performance). The full search

strategies for each database are detailed in (Table S1).

The initial step involved reviewing the titles and abstracts

retrieved from the searches. Two independent reviewers (AHA and

ZAZ) conducted the abstract screening. In instances where there was

disagreement about whether a study should be included or excluded,

a third reviewer (SAA) was consulted to reach a consensus. Abstracts

that lacked sufficient information to determine eligibility were flag-

ged for full‐text retrieval and further evaluation.

For the full‐text screening phase, two independent reviewers

(AHA and NMY) assessed each article. Any disagreements during this

stage were resolved through discussion with the third reviewer (SAA).

The full‐text articles were evaluated for relevance based on the

eligibility criteria outlined in the following section. To ensure no

relevant studies were overlooked, we manually examined the refer-

ence lists of included articles to identify any additional studies that

might have been missed during the initial database searches. The

study selection process is illustrated in (Figure 1), which provides a

flowchart of the studies selection.

Eligibility criteria

We applied the following inclusion criteria: (1) complete, peer‐

reviewed studies published in English; (2) randomized controlled trials

(RCTs) conducted in humans that investigated the effects of protein

or amino acid supplementation alone or in combination with
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resistance training (RT) or compared protein or amino acid supple-

mentation with a nonprotein control or placebo during resistance

training; (3) studies including male and female participants with a

mean age of ≥60 years, regardless of living setting (eg, community‐

dwelling, nursing homes, outpatient settings); and (4) studies that

assessed at least one of the primary or secondary outcomes of this

review, including muscle strength (upper and lower extremities),

physical performance (e.g., gait speed, chair‐stand test), and body

composition (eg, lean body mass, fat‐free mass, muscle mass, total

body fat) measured using dual‐energy X‐ray absorptiometry or bio-

electrical impedance analysis. We excluded publications not written

in English, studies available only as abstracts, conference proceed-

ings, and research protocols.

Data collection and synthesis

Two authors conducted the full‐text screening, and any disagree-

ments regarding the inclusion of studies were resolved through dis-

cussion. If a consensus could not be reached, a third reviewer was

consulted to resolve the discrepancy. To streamline the subsequent

steps, all selected articles and their corresponding key categories

were organized into a single Excel file. The relevant outcome data

from each study were extracted and grouped according to the type of

supplement used.

RESULTS

After conducting the literature search across the aforementioned

databases, we initially identified 4588 studies. Following the elim-

ination of 612 duplicate studies, we reviewed 3976 studies. Nine

studies were found through manual searches of the reference lists of

the full‐text publications we included. Ultimately, we included a total

of 80 articles that examined the effect of various types of protein

supplementation in this review (Figure 1).

Study characteristics

The 80 included trials used 11 different types of protein and amino

acid supplements and included a total of 5290 participants. The
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Records from database 

searches and other sources

(n = 4588)

Full texts assessed for 

eligibility (n = 181)

Records excluded after screening the 

title and abstract (n = 3795)

Based on the title (n = 3525)

Based on the abstract (n = 270)

Studies excluded after reading the full 

text (n = 101)

No protein-based 

supplementation (n = 74)

Conference proceedings (n = 4)

Unmatched placebo or outcome

(n = 12)

Duplicate articles (n = 8)

No control (n = 1)

No full text (n = 1)

Age less than 60 years (n = 1)

Studies included in the 

review (n = 80)

Records screened

(n = 3976)

Duplicate records excluded

(n=612)

F IGURE 1 Preferred Reporting Items for Systematic Reviews and Meta‐Analyses (PRISMA) flowchart of the study selection process.
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median number of participants per trial is 48, indicating that half of

the trials had <48 participants and half had more. The IQR (31 to 99)

shows that the middle 50% of trials had between 31 and 99 parti-

cipants. This suggests that most trials in this review were relatively

small, with a few larger trials (eg, 200, 208, and 218 participants)

skewing the upper range. The population areas included the Americas

(34 trials), Europe (32 trials), Asia (12 trials), and Oceania (two trials).

Regarding the population types, 43 trial populations were healthy

community dwellers; 12 trials targeted prefrail, frail (according to

Fried criteria), malnourished, or sarcopenic older adults; 11 trials fo-

cused on older adults with special conditions or diseases such as

arthritis, osteopenia, osteoporosis, type 2 diabetes, heart failure, or

obesity; seven trials examined postmenopausal women; six trials

examined low‐activity or sedentary older adults; and three trials

evaluated inpatient, posthospitalized, or residential care centre pa-

tients. Twenty‐three trials only included older women, 13 trials only

included older men, and the remaining 46 trials targeted older men

and women.

The interventions in the included studies varied in duration.

Eleven studies focused on periods up to 10 weeks, 32 studies had

durations of 12 to 14 weeks, 23 studies spanned 4 to 6 months, six

studies lasted 8 to 12 months, and four studies extended beyond

1 year. The outcomes measured in the included studies were mostly

muscle strength, whether upper or lower extremity strength (n = 54),

and body composition (n = 55). The last and least measured is physical

performance (n = 25). Of the included trials, 59 included RT. Thirty‐

eight of these trials applied supervized whole‐body RT, which was

graded into low, moderate, and high‐intensity training based on the

intensity of the exercises performed. Low‐intensity RT typically

involved light resistance with higher repetitions (eg, <50% of one‐

repetition maximum), moderate‐intensity RT used moderate resist-

ance with moderate repetitions (eg, 50%–70% of one‐repetition

maximum), and high‐intensity RT involved heavy resistance with

fewer repetitions (eg, >70% of one‐repetition maximum). Seven trials

conducted training programs exclusively targeting the upper and/or

lower limbs. Seven trials used different types of training such as

exergames which are defined as exercise programs that incorporate

interactive video games, walking, balance training and endurance

training, among others, and four trials applied self‐administered,

home‐based training. Twenty‐four trials tested the effect of protein

supplementation alone without training. Other specific character-

istics of the studies are described in Table S2.

Supplement characteristics

Types of protein and amino acid supplements

The studies investigated the following protein and amino acid sup-

plements, grouped into categories based on the most commonly used

types: whey protein (n = 32); creatine (n = 12); milk protein (n = 11);

leucine (n = 8); essential amino acids (n = 6); and other types such as

soy protein (n = 4), citrulline (n = 2), L‐carnitine (n = 2), collagen pep-

tides (n = 1), L‐arginine (n = 1), and beta‐alanine (n = 1), as shown in

(Figure 2).

Supplement dosage and timing and RT

Whey protein

Eight studies investigated the effects of whey protein on muscular

strength, physical performance, and body composition, and 24 studies

examined the effect of whey protein supplementation alongside

resistance exercise on the aforementioned measures. Eleven studies

F IGURE 2 The number of studies that evaluated different types of protein supplements. EAAs, essential amino acids; RCT, randomized

controlled trial; RT, resistance training.
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employed 40 g or more of whey protein per day,17,21–30 whereas

seven trials used an amount of 30–39 g/day16,30–35 and 11 trials used

<30 g/day.11,13,18,36–43 Additionally, three trials employed a technique

to determine protein consumption to achieve whey protein supple-

mentation of 1.2–1.5 g/kg/day.10,44,45

The studies that tested the effect of whey protein supplements

combined with RT mostly applied full‐body training (n= 19). Another

three studies focused on upper and lower extremities in their training

programmes13,36,40 and two studies applied home‐based training.22,38

Biesek et al. (2021) investigated the effectiveness of exergames when

combined with whey protein on muscle strength and physical perform-

ance of older adults.43 Whey protein supplement timing was linked to

the RT programme in 15 of the 32 studies. In eight of them, supplements

were consumed after training on the training days only,16,22,31,32,35–37,42

whereas, in the remaining seven studies, the researchers instructed the

participants to also consume whey protein supplement either after

training or during meal times on nontraining days.18,23,30,33,39,40,43

Moreover, 11 studies linked the intake of whey protein supplement with

regular meal times.11,17,24,27,28,34,38,44–47

Creatine

Twelve studies tested the effect of creatine supplementation on

muscle strength and physical performance. Most of these studies

applied RT combined with creatine supplementation (n = 10); how-

ever, two trials tested the effect of creatine alone.48,49 Creatine

supplementation was combined with whole‐body exercises,50–55

upper limb RT,56 lower‐limb RT,57 high‐velocity RT58 or chest

and leg press exercise.59 The creatine dose was 0.1 g/kg,50–53,58

5 g/day,54–57 3 g/day49 or 1 g/day.48 Baker et al. (2015) used a 20 g

creatine bolus delivered on two occasions 7 days apart.59 The timing

of creatine supplement consumption in seven studies was connected

with training time (before or after),50–54,56,59 whereas, in three

studies, the participants consumed the supplements during meal

times.49,51,55

Milk protein

Eleven studies evaluated the effect of milk protein either combined

with RT or alone on muscle strength and body composition. Four

studies tested the effect of milk protein in older adults alone,60–63 six

studies combined milk protein supplementations with RT,64–69 and

one study applied walking exercise.15 The dosage of milk protein

supplementation varied widely, from ≤10 g/day,65,68,69 11–30 g/day

approximately,61,67 30–35 g/day,15,63,64,66 or >35 g/day.60,62 The

timing of supplement intake was mostly at meal times, especially

breakfast and lunch,60–64,66,67 and after training,69 or with meals on

nontraining days in the trials with RT.66,68,70

Leucine

Eight studies investigated the effect of leucine on frailty func-

tions12,14,19,71–75; four studies administered leucine supplementation

without concomitant RT.12,71,72,75 The RT programme in most of the

studies was low‐to‐moderate intensity14,19,74 or involved lower‐limb

exercises alongside balance training.73 Leucine was consumed either

as a single component71,73 or as leucine‐enriched amino

acids12,14,19,74 or protein supplementation.72,75 The daily dosage of

leucine or leucine‐enriched supplement was 2.4–8.4 g in most trials,

except for one that administered 10 g per day.73 Most of the

researchers instructed the participants to consume leucine or

leucine‐enriched supplements during meal times. However, in

one study, the participants consumed leucine‐enriched amino acid

supplements after performing sit‐to‐stand exercises.14

Essential amino acids

Six studies assessed the effect of essential amino acids on frailty

functions in older adults. Four studies applied full‐body training

throughout the weeks,76–79 and another two studies included home‐

based exercises for women with osteoarthritis20 and older adults

with heart failure.80 The dosage of the mixed amino acid supplements

ranged from 3 to 6 g,20,78,79 10 g76,80 and 15 g81 per day. These

participants were instructed to take the supplements after breakfast

or between meals.78,80,81 In two studies, supplementation only

occurred on training days, either before20 or after training.76

Other supplements

Four studies tested the effect of soy protein on muscle strength and

body composition of postmenopausal women82,83 or sarcopenic

older adults.4,84 The soy protein dose was 40 g,84 20–25 g82,83 or

1.5 g/kg4 per day. Two studies applied full‐body training 3 days82

or 4 days84 per week, whereas one study applied home‐based

exercises.4

Citrulline85 and L‐citrulline86 supplementation was explored in

two studies, with a dosage of 10 and 3 g per day, respectively to

evaluate their effect on muscle strength and physical performance in

older adults. One study applied high‐intensity RT 3 days per week for

sedentary older adults with obesity,85 whereas the other study used

balance and aerobic exercises.86

Two studies examined L‐carnitine supplementation with no

concomitant RT to test its effect on older adults' muscle strength and

body composition. The dosage was 1.5 g/kg87 or 1500mg88 per day.

Collagen peptides,89 L‐arginine,90 and beta‐alanine91 were applied at

15, 8, and 3.2 g per day, respectively. Collagen peptides were used in

combination with full‐body training 3 days per week.89 Beta‐alanine

was combined with endurance exercises,91 whereas Aguiar et al.

tested the effect of L‐arginine supplementation alone on muscle

strength of older adults.90

THE EFFECT OF PROTEIN

SUPPLEMENTATION ON THE OUTCOME

MEASURES

Whey protein

Whey protein supplementation did not increase the adaptive response

to RT in terms of muscle strength (one‐repetition maximum of chest

press, bench press, leg press or knee extension)16,23,24,27–29,33,39,44 or
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handgrip strength.22,36,38,40,43,46 However, several studies reported

significant improvements in muscle strength, as measured by tests

such as the leg press, knee extension, chest press, and handgrip

strength, following RT combined with whey protein supplementa-

tion.13,17,18,35,41,42 For example, Bell et al. found that the addition of a

multiingredient nutrition supplement containing whey protein signifi-

cantly increased strength during both the first phase of supplemen-

tation alone and the later phase in combination with exercise, partic-

ularly in upper‐body strength.17 Similarly, Karelis et al. demonstrated

that cysteine‐rich whey protein combined with RT resulted in a 39.3%

increase in muscle strength compared with the control group.18 The

timing of protein supplementation varied across studies: some studies,

such as Atherton et al., Junior et al., and Bell et al., administered

protein immediately postexercise,17,35,42 whereas others, like Mori

et al. and Mertz et al., provided protein before exercise or twice daily

as part of the supplementation regimen.13,41

In terms of physical performance, gait speed tended to improve

after whey protein supplementation combined with RT,13,24 but there

were no advancements in the Timed Up and Go test, the 30‐s chair‐

stand test, and the 6‐min walk test.28,37,44,92 In addition, many

studies showed that lean body mass,18,23,28,33,37,40,46 lean soft tis-

sues,27,30 muscle mass,39,43,45 and fat mass33,45 did not change when

combining whey protein supplementation and RT. However, other

studies showed whey protein supplementation and RT improved lean

body mass,17 lean soft tissues,16,31,32 muscle mass,13,35,38 and fat

mass.16,32,42,46

Regarding the studies without RT, most studies reported that

whey protein supplementation did not enhance handgrip

strength10,25,34 or knee extension.34 However, one study found sig-

nificant improvements in both measures, with the whey protein

supplementation (WPS) group showing greater increases in grip

strength and knee extensor force compared with the control group.11

Physical performance, measured by the short physical performance

battery test (SPPBT) (which compromises three tests, balance test,

gait speed test, and chair‐stand test), walking test, and the Timed Up

and Go test, showed no improvements in older adults consuming

whey protein despite the duration or the dose.10,11,25,34 However,

whey protein significantly improved fat‐free mass at 45 g/day in

healthy older adults.26 Moreover, gait speed and appendicular skel-

etal muscle mass were enhanced after consuming 1.5 g/kg/day of

whey protein in undernourished older adults.10

Creatine

Regarding muscle strength, creatine supplementation combined with

full‐body RT (3 days/week) improved upper‐body strength, as measured

by one‐repetition maximum for chest press with 0.1 g/kg/day,50,53

biceps curl with 5 g/day,54 and bench press with 5 g/day.54,55 Similarly,

lower‐body strength improved in terms of one‐repetition maximum for

leg press with 0.1 g/kg/day and full‐body RT (3 days/week)50,53,58 and

knee extension with 5 g/day and 2–3 days of RT54,58 in healthy men

and postmenopausal women. However, in other studies, creatine

supplementation did not provide additional benefits to RT at 0.1 g/kg

and 20 g per day in terms of upper muscular strength measured by one‐

repetition maximum for chest press,52,59 bench press, biceps curl, and

knee extension after receiving 5 g of creatine supplement along with

upper and lower extremities training in healthy men.56

Four studies evaluated the effects of creatine supplementation

on physical function. Two studies reported positive effects when

creatine was combined with high‐velocity RT: one study58 in healthy

older men found that a creatine dose of 0.1 g/kg/day improved the

peak torque of the knee flexors and extensors. It also enhanced

balance board time‐to‐completion, a test where participants walked

backwards (toe to heel) along a narrow board, with faster times

indicating better balance. Another study57 in older women with knee

osteoarthritis observed improvements in the 30‐s sit‐to‐stand test,

using a higher creatine dose of 20 g/day alongside lower‐limb RT. In

contrast, creatine supplementation alone did not improve muscle

function as assessed by the Timed Up and Go test and the timed‐

stand test48,49 in osteopenic postmenopausal women, in which the

creatine dose was significantly lower (1 or 3 g/day).

Studies that combined creatine supplementation with full‐body

training demonstrated improvements in some body composition

measures such as lean body mass at 5 and 8 g/day,53,55 muscle mass,

and bone mineral density at 5 g per day51 in healthy older adults. On

the other hand, in other studies there were no significant changes in

lean body mass and bone mineral density with 1 or 3 g of creatine

supplementation either alone osteopenic postmenopausal

women48,49 or when combined with full‐body training and upper

limps training52,56 in older adults. In addition, compared with placebo,

0.1 g/kg/day of creatine supplementation alongside full‐body training

did not improve fat mass or bone mineral density in healthy men.52

Milk protein

Milk protein supplementation alone63 or combined with RT67 had a

positive effect in terms of physical performance for leg press66 and

knee extension.67 However, in another study, milk protein supple-

mentation did not improve these measures.62 Moreover, pulse‐

feeding milk protein did not improve handgrip strength in mal-

nourished or at‐risk patients in an inpatient rehabilitation unit.60

Regarding body composition, milk protein significantly improved

lean mass,15,60,61,63,69 fat‐free mass68 and leg tissue mass.67

Appendicular skeletal muscle mass was also improved following

pulse‐feeding of milk protein in malnourished older adults in an in-

patient rehabilitation setting.60 Another study showed a significant

improvement in muscle mass of sedentary older adults when con-

suming 10 g of milk protein alongside full‐body training.68 Two

studies, however, did not report any additional effect of milk protein

with high‐intensity functional training on muscle mass in older

adults65 or when consumed alone.62,65 Finally, in three studies

involving older adults who consumed milk protein at 10 g68,69 per day

and 31 g per day15 with low‐to‐moderate‐intensity exercises, fat

mass improved significantly.
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Leucine

The effect of leucine or leucine‐enriched supplements on muscle

strength or physical performance in the included studies is

inconsistent. Significant improvements in handgrip strength were

observed with leucine supplementation alone at 0.2 g/kg/day12 and

when combined with low‐intensity training at 3 g/day14 or lower‐limb

training at 10 g/day.73 However, other studies reported no muscle

strength improvement in terms of handgrip strength and knee ex-

tension with leucine doses of 21 g/day and 6 g/day72,74 or in leg

press strength at 7.5 g per day.71

Two studies reported no significant effect of leucine con-

sumption on physical performance in terms of gait speed at

6 g/day with home‐based training74 or the SPPBT and the Timed

Up and Go test at 6 g/day.72 However, two studies found that

leucine supplementation improved functional independence mea-

sure performance with 3 g/day and low‐intensity RT14 and upper‐

body and lower‐body functional tests (eg, 30‐s arm‐curl test, 30‐s

chair‐stand test, and 6‐min walk test) with 11–21 g/day and no

training.12

For body composition, leucine supplementation significantly im-

proved lean body mass with 3 g/day,75 lean tissue mass with

11–21 g/day,12 and appendicular skeletal muscle mass with 3 g/day

and low‐intensity training14 in community‐dwelling older adults. On

the other hand, leucine had no effect on fat‐free mass with 7.5 g/

day,71 muscle mass in older adults with type 2 diabetes receiving 6 g/

day and home‐based RT,74 or lean body mass in community‐dwelling

older adults consuming 6 g/day.72

Essential amino acids

The primary outcome in trials investigating essential amino

acids (EAAs) was walking speed, which significantly improved in

healthy older adults who participated in full‐body RT (2 days/

week) with 6 g/day EAAs78 and in those undergoing home‐based

training with 10 g/day of EAAs.76 However, no improvement was

observed in women with arthritis performing self‐administered

training with 6 g/day EAAs.20 In addition, walking time was im-

proved in sarcopenic women after receiving 6 g per day of es-

sential amino acids supplements alongside full‐body training.79 In

terms of muscle strength, significant improvements were

observed in knee extension in sarcopenic women consuming 6 g

EAAs per day with 2 days of full‐body training,79 supplementing

with 15 g/day EAAs and progressive aerobic RT,81 and hip

abductor strength in women with arthritis supplementing with

6 g/day EAAs, although handgrip strength did not improve.20 For

body composition, lean body mass did not improve in nonfrail,

independent, healthy older adults who consumed 15 g/day EAAs

alongside aerobic exercise.81 However, leg muscle mass signifi-

cantly increased in sarcopenic women after full‐body training plus

6 g of essential amino acids supplementation.79

Other supplements

Soy protein supplementation at 20 g/day reduced total and sub-

cutaneous abdominal fat in postmenopausal women.83 When com-

bined with full‐body training, soy protein at 25 g/day and 40 g/day

improved muscle strength measured by knee extension,82,84 whereas

a dose of 1.5 g/kg/day enhanced bench press and arm‐curl test

performance in older adults.4

Regarding other amino acid supplements, L‐carnitine at

1500mg/day,88 L‐arginine at 8 g/day90 and beta‐alanine at 3.2 g/day

combined with endurance RT91 did not improve muscle in healthy

older adults. However, one study reported that 500mg/day of L‐

carnitine improved handgrip strength in prefrail older adults.87 Col-

lagen peptides at 15 g/day, when consumed during or after full‐body

RT, improved body composition in sarcopenic older men by

increasing fat‐free mass and reducing fat mass.89 For L‐citrulline,

10 g/day showed beneficial effects on handgrip strength, knee ex-

tension, and fat mass reduction in sedentary older adults with obesity

when paired with high‐intensity training85 and improved the walking

speed of older adults when combined with balance and aerobic ex-

ercises at 3 g/day.86

DISCUSSION

This scoping review addresses the lack of a comprehensive synthesis

of evidence on the effects of different types of protein supplemen-

tation on muscle strength, physical performance, and body compo-

sition in older adults. By mapping and summarizing findings from

80 trials, this review provides an overview of the current research

landscape and highlights gaps that require further investigation.

Twenty studies examined the effects of protein supplementation

alone on muscle strength, body composition, and functional ability in

older adults, whereas 60 studies assessed its impact when combined

with RT of varying types and intensity.

WPS was the most frequently utilized type of protein, applied by

itself or in conjunction with home‐based exercise interventions (in

nine trials). However, our analysis indicates that in all but one study,11

WPS does not significantly enhance muscle strength or physical

performance.10,22,25,34,38,40 These results coincide with two meta‐

analyses that evaluated the effect of increased protein intake beyond

the RDA. The authors found that high protein intake has limited

effects on muscle strength when not associated with physical

training.93,94 Furthermore, the impact of whey protein appears to be

more evident in terms of body composition improvements, including

enhancements in muscle mass10,38 and fat‐free mass.26 Nevertheless,

there remains a certain degree of contradiction within the literature

concerning the effects of WPS on body composition.10,21,25,34,40

Intriguingly, studies have highlighted that milk and leucine‐rich pro-

tein supplements have superior effects compared with WPS over a

relatively short duration (3–6 months) on the body composition of

older adults.12,14,15,60,61,75
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The reviewed studies exhibited substantial variability in RT

intensity, ranging from low‐intensity home‐based exercises and

upper/lower‐limb resistance training to full‐body RT and high‐

velocity RT. The training frequency also varied, with studies im-

plementing 2–5 sessions per week, leading to differences in observed

outcomes. Higher‐intensity protocols, such as full‐body training

performed at least three times per week in combination with protein

the supplement, were generally associated with greater improve-

ments in muscle strength, body composition (including lean body

mass and fat mass), and functional performance (eg, gait speed, chair‐

stand test, Timed Up and Go test).17,18,54,68,81 However, some studies

did not observe significant gains in certain measures, such as hand-

grip strength, and physical functions despite RT,23,33,51,52 suggesting

that total training volume, progression, and individual response may

influence outcomes.

In contrast, moderate‐intensity training (full‐body RT or upper/

lower‐limb RT at 2–3 sessions per week) showed inconsistent results,

with some studies reporting increases in muscle mass, fat mass

reduction, and functional improvements,13,58,64,79 whereas others

found no significant effects compared with placebo.24,28,36 Lower‐

intensity training with protein supplementation, such as home‐based

or light RT, generally resulted in minimal or no improvements across

multiple outcomes, including muscle function or body composition,

further underscoring the importance of progressive overload and

training intensity in older adults.20,27,40,69,74

These findings align with previous systematic review and meta‐

analysis that emphasized the necessity of progressive, high‐intensity

training (≥3 days per week) combined with protein supplementation

to maximize muscle strength, body composition improvements, and

functional gains in aging populations.95 However, in contrast to

previous reviews that primarily focused on moderate‐to‐high‐

intensity RT, the current analysis incorporates a broader range of

training intensities and frequencies, providing a more comprehensive

perspective on the interaction between exercise load, supplementa-

tion, and aging‐related musculoskeletal changes. Importantly, the

findings suggest that less frequent or lower‐intensity RT alone may

be insufficient to induce significant changes across multiple health

outcomes, even when combined with supplementation, reinforcing

the need for structured, progressive RT in this population.

In the studies that included RT, WPS was the most frequently

employed protein supplement (25 trials). When combined with super-

vised training, it led to positive effects on muscle strength13,17,18,35,42,47

and body composition,13,16,32,35,42,46 particularly in terms of lean body

mass enhancements.16,17,31,32 However, the consistency of these

results is not definitive because several studies presented contradictory

findings. Specifically, certain investigations indicated no significant

changes in muscle strength23,24,27–29,32,33,36,39,40,44,46,92 or body com-

position23,24,27,28,30,33,36,37,39,40,43,45,46,92 when incorporating WPS

alongside RT programmes. The addition of whey protein to RT does not

seem to significantly enhance physical performance; however, two

studies reported improved gait speed when WPS was combined with

RT compared with RT alone.13,24 These outcomes contrast with the

findings of a systematic review and meta‐analysis of WPS; the authors

highlighted a notable impact of WPS on lean mass and gait speed

among individuals with sarcopenia.96

Creatine supplementation was the second most use type of

protein supplementation combined with RT (10 trials). It predomi-

nantly had a positive impact on body composition50,51,53–55,58 and

also improved muscle strength50,53–55,58 within a supervised training

context. Interestingly, milk protein exhibited a superior effect in

terms of body composition improvement compared with whey pro-

tein,64,67–69 This observation aligns with the findings of a systematic

review and meta‐analysis that compared the effects of milk protein

vs whey protein on resistance training‐induced lean body mass or fat‐

free mass gains among older adults.97 Moreover, the effect of protein

supplementation on the physical performance of older adults remains

uncertain, as suggested by the findings from the trials we included in

this review, mainly owing to the scarcity of studies that have directly

investigated this aspect. Another meta‐analysis conducted on a dis-

tinct cohort of middle‐aged to older adults, with or without existing

sarcopenia, also yielded inconclusive results regarding the impact of

dairy protein supplementation.98

Soy and leucine supplementation appears to exhibit a potentially

beneficial impact on muscle strength and physical performance in

conjunction with training programmes. Nevertheless, the findings

from a comprehensive meta‐analysis suggest some beneficial effects

of dietary protein on physical function measures of older adults.99

However, it is important to acknowledge that further research is

required to substantiate this assertion, given the limited number of

conducted trials exploring this area.

Protein supplementation may benefit older adults with special

conditions such as arthritis,20,57 osteopenia, or osteoporosis;55,84

inpatient older adults;11,60 or poststroke sarcopenic adults.14 Fur-

thermore, we did not find any discernible correlation between the

timing or duration of supplement intake and its impact on the out-

come measures in older adults. This observation aligns with the

findings of a systematic review, which similarly indicated the absence

of a favorable effect from specific timing of protein intake on metrics

such as lean body mass, handgrip strength, and leg press strength.100

CONCLUSION

This scoping review highlights the variable and conflicting results

regarding the impact of protein supplementation on muscle strength

and body composition in older adults. Although whey protein, cre-

atine, and milk protein have been most commonly studied in con-

junction with RT and show promising effects, the evidence remains

inconsistent. Further research is needed to determine the potential

benefits of soy and leucine‐enriched supplements for improving

muscle strength in older adults. Notably, protein supplementation

without concurrent RT may still lead to improvements in body

composition, particularly with leucine, milk protein, and whey protein,

although the impact on muscle strength is less certain. Additionally,

the effects of protein supplementation on physical performance in

older adults remain inconclusive. These findings underscore the need
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for further, more comprehensive studies to clarify the effects of

various protein types and supplementation regimens on muscle

strength, body composition, and physical performance in the aging

population.
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