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Abstract: Aging is a global public health concern. From the age of 50, muscle mass, muscle strength
and physical performance tend to decline. Sarcopenia and frailty are frequent in community-dwelling
older adults and are associated with negative outcomes such as physical disability and mortality.
Therefore, the identification of therapeutic strategies to prevent and fight sarcopenia and frailty is
of great interest. This systematic review aims to summarize the impact of nutritional interventions
alone or combined with other treatment(s) in older community-dwelling adults on (1) the three
indicators of sarcopenia, i.e., muscle mass, muscle strength and physical performance; and (2) the
hospitalization and readmission rates. The literature search was performed on Medline and included
studies published between January 2010 and June 2020. We included randomized controlled trials
of nutritional intervention alone or combined with other treatment(s) in community-living subjects
aged 65 or older. In total, 28 articles were retained in the final analysis. This systematic review
highlights the importance of a multimodal approach, including at least a combined nutritional
and exercise intervention, to improve muscle mass, muscle strength and physical performance,
in community-dwelling older adults but especially in frail and sarcopenic subjects. Regarding
hospitalization and readmission rate, data were limited and inconclusive. Future studies should
continue to investigate the effects of such interventions in this population.
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1. Introduction

Aging is a global public health concern. According to the World Health Organization (WHO),
by the end of the decade, the number of people aged 60 and over will have increased worldwide by
34%, from 1 billion in 2019 to 1.4 billion [1]. Compared to 2019, this population will have more than
doubled to reach 2.1 billion by 2050. The aging process is associated with physical, cognitive and social
changes affecting morbidity and mortality [2]. Particularly, muscle mass, muscle strength and physical
performance tend to decline [3,4]. From the age of 50, an individual loses 1% to 2% of leg muscle mass
per year and 1.5% to 5% of leg strength [3].

Sarcopenia is defined by the European Working Group on Sarcopenia in Older People (EWGSOP)
as an association between two indicators: low muscle mass, low muscle strength or low physical
performance [5]. In community-dwelling older adults, the prevalence of sarcopenia ranges from 0.2%
to 20% according to the used parameters and the population, and increases with age [6-8]. Sarcopenia
is associated with negative outcomes, such as physical disability [9], limitations in activities of daily
living [10], falls [11], hospitalizations and readmissions [12], loss of autonomy with a need for home
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healthcare or nursing home placement [13,14] and mortality [9,15,16]. The health economics burden of
sarcopenia is estimated to be over $18 billion a year in the United States [17,18]. Frailty is a clinical
syndrome similar to sarcopenia. It includes at least three of the following criteria: unintentional
weight loss, self-reported exhaustion, weakness, slow walking, and low physical activity [19]. Multiple
therapeutic strategies have been investigated to prevent and fight sarcopenia and frailty in older adults.
Nutrient intake plays a central role in the development and maintenance of muscle mass and strength
and is therefore a key element [20].

This systematic review aims to summarize the impact of nutritional interventions, defined as calorie
and/or protein supplementation, alone or combined with other treatments in older community-dwelling
adults on (1) three indicators of sarcopenia: muscle mass, muscle strength, and physical performance,
and (2) hospitalization and readmission rates.

2. Materials and Methods

This systematic review was carried out according the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) guidelines [21].

2.1. Study Eligibility Criteria

We included all primary source randomized controlled trials in the English language published
within the last 10 years (1 January 2010-30 June 2020) which met all the following eligibility
criteria. Population: older adults in the community, mean age > 65 years, mono-morbid specific
population. Intervention: nutritional intervention, defined as calorie and/or protein supplementation,
alone or combined with other treatment(s) (i.e., physical activity = resistance, endurance, balance,
flexibility, and electrostimulation, cognitive training, and androgen therapy), minimum 1-month
follow-up, exclusion of nutritional advice or counseling as the sole intervention of interest. Comparison:
placebo control group or other nutritional intervention or other treatment(s) or combined nutritional
intervention with other treatment(s). Outcomes: muscle mass, muscle strength, physical performance,
and hospitalization and readmission rates.

2.2. Study Identification

The MEDLINE electronic database (Pubmed) was used to identify eligible articles. The first search
was performed in April 2020 and updated on 6 July 2020. The search strategy was discussed between
the authors and defined as follows: (“Elderly” OR “Aged” OR “Geriatric*” OR “Frail” OR “Old”
OR “Older”) AND (“Community*” OR “Outpatient*” OR “Home-based” OR “Out patient*”) AND
(“Nutrition*” OR “Dietary supplement*” OR “Dietary protein*” OR “Protein” OR “Amino acid*” OR
“Caloric*”) AND (“Hospitalization*” OR “Hospitalisation*” OR “Readmission*” OR “Function*” OR
“Performance” OR “Activities of daily living” OR “Muscle*” OR “Strength*” OR “Fat-free mass” OR
“Lean body mass” OR “Lean tissue mass” or “Fall*”) AND (“Controlled trial*” OR “Random*”).

2.3. Study Selection

One author (J.M.) assessed the titles and abstracts of the retrieved articles for eligibility after the
literature search. When an abstract or a title met the inclusion criteria, the full text was reviewed to
evaluate the eligibility and inclusion of the article in the systematic review. Four articles were also
manually selected from the references of the selected articles. The final decision to include the articles
in the systematic review was made after reaching a consensus among all authors. The study selection
process is detailed in Figure 1.
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Figure 1. Flow diagram of studies in selection process.

2.4. Data Collection and Study Quality

The following data from selected articles were extracted in a standard form: population, age,
sample size, intervention (duration and description), assessed outcomes, results, and major limitations.
The outcomes were muscle mass evaluated by bioelectrical impedance analysis (BIA), dual-energy
X-ray absorptiometry (DXA) or magnetic resonance imaging (MRI), muscle strength (e.g., handgrip
strength, one repetition maximum, isokinetic strength, knee extension strength), physical performance
(e.g., Short Physical Performance Battery (SPPB) score, six-minute walk test, timed up and go,
one-minute sit-to-stand test), and hospitalization and readmission rates. The results were the impact
of the nutritional intervention alone or combined with other treatment(s) on the different outcomes.
The major limitations of each study were also reported.

A score, derived from the checklist proposed by Downs and Black [22], was used to evaluate
the quality of the studies. This score includes 27 items checklist. We simplified the scoring of item
number 27 and rated a study as one if a power calculation was performed and zero if not. Accordingly,
the maximum score was 28 instead of 32. Quality levels were given as follows: excellent (score 24-28);
good (score 19-23); fair (score 14-18); and poor (score < 14), as previously reported by O’Connor et al [23].

3. Results

3.1. Study Selection

The flow diagram (Figure 1) describes the studies selection process. The literature search identified
1275 articles and 4 additional articles were found manually through the references of these articles.
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A total of 1279 abstracts and titles were screened and 69 full-text articles were assessed for eligibility.
Finally, 28 articles were included in the review.

3.2. Study Characteristics

The study characteristics are presented in Tables 1-4. The population was heterogeneous with
healthy, mobility-limited, frail, and sarcopenic subjects. Few studies tested a nutritional intervention as
a sole intervention of interest (n = 5, Table 1). The other studies combined the nutritional intervention
with other approaches, such as physical activity or exercise (n = 18, Table 2) and testosterone therapy
(n =2, Table 3). Finally, three studies had multimodal interventions: nutritional and physical activity
interventions and/or cognitive and/or testosterone therapies (Table 4). The modalities of intervention
differed between the majority of studies. The duration of interventions ranged from 4 weeks to 2 years.
The methods used to assess the different outcomes varied and may not have been standardized.

3.3. Risk of Bias within Studies

The checklist proposed by Downs and Black [22] was used to assess the study quality (right-most
column of Tables 1-4). Most studies were classified as “good” (23 out of 28), while 2 studies were
evaluated as “excellent” and 3 studies as “fair”.

3.4. Main Findings

3.4.1. Unimodal Nutritional Interventions

In healthy older adults, the effects of nutritional intervention on muscle mass, muscle strength,
and physical performance were divergent. In a small sample, Ellis et al. showed that a 6-month
amino acid supplementation with beta-hydroxy-beta-methylbutyrate (HMB) improved lean body mass
(529 £11.9 vs. 48.4 + 11.4 kg, p = 0.036) and 12-step timed stair climb (4.86 + 1.66 vs. 4.61 + 0.80 s,
p = 0.016) [24]. Zhu et al. tested the effect of whey protein supplementation (30 g/day) during two
years, in Australian subjects with baseline protein intake above 0.75 g/kg/day [25]. They reported no
change in appendicular skeletal muscle mass (ASMM), muscle strength, and physical performance.
Finally, similar results were reported by Ottestad et al. who failed to demonstrate improvement in
these outcomes after a 12-week protein supplementation (40 g/day) [26]. Nevertheless, a high dropout
rate was documented in both treatment arms.

In Korea, Kim et al. evaluated the benefits of a 12-week oral nutritional supplementation (200 kcal,
12.5 g of proteins, 2 x/day) in frail older adults on handgrip strength and physical performance [27].
They only found a significant improvement of 1.1 s in the timed-up and go test (vs. —0.9 s in controls,
p = 0.039) while the short physical performance battery (SPPB) score remained stable in the intervention
group and decreased by 1 point in the control group (p = 0.038). The major limitations of this study
were the high dropout rate in the oral nutritional supplementation group and the absence of placebo in
the control group.

In a large sample of European sarcopenic subjects, a 13-week leucine-enriched whey protein and
vitamin D supplement (20 g of whey protein, 3 g of leucine and 800 IU vitamin D), consumed twice
daily, significantly improved ASSM and 5-time sit-to-stand test compared to an isocaloric placebo [28].
However, no differences in handgrip strength, SPPB, gait speed and balance scores were demonstrated.
The high dropout rate is again a major limitation of this study. Moreover, the definition used to define
sarcopenia was unusual and the nutrient intake was not monitored.

In conclusion, studies failed to show major improvement in any of the three indicators of
sarcopenia in healthy subjects despite a compliance rate over 90%. In frail and sarcopenic older adults,
oral nutritional supplementation could improve muscle mass and some parameters of muscle strength
and physical performance (Table 1).
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Table 1. Unimodal nutritional interventions in community-dwelling older adults.
Studies Population Intervention Outcomes Results Limitations Qs
6 months Lea.n body mass (DXA) and Significant improvement in lean Small sample size,
. . quadriceps muscle volume (MRI) body mass and o
. Healthy men and women INT: amino acid supplement; . . . . no monitoring of
Ellis et al. . Physical performance: eight-foot timed stair climb in INT S
) 65-89 yrs 3 g HMB, 14g L-arginine, . . nutrient intake, no 19/28
2019 [24] . up-and-go test, No change in quadriceps volume
n =234 14 g L-glutamine/day (n = 17) . . assessment of
. . 25-foot walk test, 12-step timed and other physical performance
CO: isocaloric placebo (1 = 17) . muscle strength
stair climb parameters
2 years ASMM (DXA) No change in ASMM, lower limb
Healthy women ; . muscle strength and . .
Zhu et al. INT: protein supplement; Muscle strength: handgrip, lower High protein intake
Mean age 74.3 + 2.7 yrs . TUG between groups . . 23/28
2015 [25] 30 g whey, 1x/day (n = 109) limb muscle strength . ; . at inclusion
n =219 . Significant decrease in handgrip
CO: placebo (1 = 110) Physical performance: TUG in INT
Healthy men ‘and womenHandgnp ASMM (DXA) o .
strength < 20 kg in women, < 30 kg in men . Significant improvement of chest .
‘ 12 weeks Muscle strength: handgrip, . High dropout rate
Gait speed < 1m/s . . . e . press in INT and CO, but no .
Ottestad et al. p . INT: protein-enriched milk; 1-repetition maximum leg and . in both groups, tests
5-time sit to : . . difference between groups 22/28
2017 [26] 20 g protein, 2x/day (n =24)  chest press, 5-time sit-to-stand test - not performed on
stand test > 8.4s 2 . . . No change in other parameters .
CO: isocaloric placebo (1 = 26) Physical performance: stair all subjects
>70yrs o between groups
=50 climbing test (20 steps)
. No difference between groups in
Frail men and women 12 weeks handeri d 1 & + P High d ¢ rat
. Gait speed < 0.6 m/s INT: nutritional supplement; Muscle strength: handgrip ancerip and bhe-eg siance (118 AropOut Tete
Kim et al. . . SPPB score stable in INT, but in INT, no placebo
MNA < 24 200 keal, 12.5 g protein, 2x/day Physical performance: one-leg . . . 20/28
2013 [27] decreased in CO in CO, multiple
> 65 yrs (n=43) stance SPPB, TUG s . .
Significant improvement of TUG testing
n =387 CO: no treatment (n = 42) .
in INT
Sarcopenic men and women 13 weeks Significant improvement in
2 .
BMI 20-30 kg/m INT: nutritional supplement; ASMM (DXA) . . ASMM and 5-time sit-to-stand High drqpogt Tate,
SPPB score: 4-9 . Muscle strength: handgrip, 5-time . . no monitoring of
Bauer et al. . 20 g whey protein, . test in INT compared with CO o
Skeletal muscle mass / body weight x 100: . sit-to-stand test . . . nutrient intake, 24/28
2015 [28] o - o - 3 g total leucine, 800 IU . . No difference in handgrip, SPPB, .
< 37% in men and < 28% in women Lo Physical performance: SPPB, gait - definition of
vitamin D, 2x/day (n = 184) gait speed and balance scores .
Mean age 77.7 yrs - . speed (4-m walk), balance test sarcopenia not clear
n =380 CO: isocaloric placebo (1 = 196) between groups

Abbreviations: ASMM: appendicular skeletal muscle mass, CO: control group, DXA: dual-energy X-ray absorptiometry, HMB: beta-hydroxy-beta-methylbutyrate, INT: Intervention
group, MNA: mini nutritional assessment, MRI: magnetic resonance imaging, QS: quality score, BMI: Body mass index, SPPB: short physical performance battery, TUG: timed up-and-go;

Yrs: years.
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Table 2. Combined nutritional and physical activity/exercise interventions in community-dwelling older adults.

6 of 21

Studies Population Intervention Outcomes Results Limitations Qs
Significant improvement in upper and
24 weeks lower limb muscle mass, handgrip
Group A: supervised and home-based resistance Upper and lower limb muscle strength and gait speed in exercise +
Healthy women exercise; 2x/week + protein supplement; 22.3 g PP mass (BIA) protein supplement compared to Compliance to the
Mori et al. Y whey, 2x/week 5 min after exercise (1 = 27) . protein supplement only intervention not reported,
Aged 65-80 yrs . . Muscle strength: handgrip, knee L ) . . o 19/28
2018 [29] Group B: supervised and home-based resistance > Significant improvement in lower limb ~ characteristics of lost to
n =381 . extension strength . .
exercise; 2x/week (n = 27) Physical performance: zait speed muscle mass and knee extension follow-up not described
Group C: protein supplement; 22.3 g whey, 2x/week Y P ‘8 P strength in exercise + protein
(n=27) supplement compared to exercise only
and protein supplement only
. 8 weeks . . ASMM (DXA) . No difference in ASMMI, handgrip .
Supervised endurance and resistance exercise; Muscle strength: isometric knee No monitoring of
Healthy women . e and SPPB between groups A
Berton et al. 2x/week + extension torque, isokinetic s . . . nutrient intake,
Mean age 69.5 + 5.3 yrs . - . . . Significant improvement in isometric - . 22/28
2015 [30] INT: nutritional supplement; 330 kcal, 20 g proteins, strength, handgrip : Lo description of exercise
n =280 . knee extension torque, isokinetic o
1.5 g HMB, 1x/day (n = 40) Physical performance: strength and in 6MWT in INT training not clear
CO: no treatment (1 = 40) SPPB, 6MWT &
16 weeks
Group A: no treatment (n = 34)
Group B: supervised resistance and functional
Non-frail and untrained exercise; 50 min, 3x/week (n = 29) Lack of compliance to
. Group C: supervised resistance and functional s . protein supplement, high
Kirk et al. men and women . b . . Muscle mass and skeletal muscle  No significant change in muscle mass . .
exercise; 50 min, 3x/week + leucine-enriched whey . Y . dropout rate in protein 17/28
2020 [31] Mean age 69 + 6 yrs . . index (muscle mass/height?) (BIA) and skeletal muscle index .
n =123 protein supplement; based on supplementation group,
individual body-weight 1.5 g/kg/day (1 = 22) lack of external validity
Group D: leucine-enriched whey protein
supplement; based on
individual body weight 1.5 g/kg/day (n = 38)
16 weeks
Non-frail and untrained Group A: su‘perwsed‘ resistance and functional Muscle s.trength: 5-repetition o . ‘ Lack of compliance to
. exercise; 50 min, 3x/week (1 = 29) maximum in leg press, chest press, Significant improvement in all .
Kirk et al. men and women . . . > . . protein supplement, no
Group B: supervised resistance and functional and bicep curl parameters in the both groups, with no 16/28
2019 [32] Mean age 68 + 5 yrs . : . . . . muscle mass assessment,
exercise; 50 min, 3x/week + leucine-enriched whey  Physical performance: SPPB, 25-m difference between groups L
n=>51 . lack of external validity
protein supplement; based on obstacle course, EIMWT
individual body-weight 1.5 g/kg/day (n = 22)
Non-frail independent 24 weeks Compared to baseline:
P Group A: nutritional supplement; 15 g essential No significant change in lean mass
men and women . . . Lean body mass (DXA) C . C e o
. amino acids, 1x/day + supervised endurance RN Significant improvement of isokinetic No monitoring of
Low active <7500 ) . Muscle strength: isokinetic leg X . L o
. exercise; 50 min, 3x/week (n = 14) leg strength only in the nutritional nutrient intake, statistical
Markofski et al. steps/day . strength . . .
. Group B: placebo supplement + supervised . supplement + exercise group power limited, non-frail 19/28
2018 [33] Not engaged in an Physical performance: 20-m walk, Lo . . .
Significant improvement of walking not defined, no sample

exercise program
Mean age 72 + 1 yrs
n =50

endurance exercise; 50 min, 3x/week (n = 11)
Group C: nutritional supplement; 15 g essential
amino acids, 1x/day (n = 13)

Group D: placebo (n = 12)

20-m walk with carry, 400-m walk
test, VO2

speed and VO2 peak in both exercise

groups, irrespective of
supplementation type

size calculation
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Table 2. Cont.
Studies Population Intervention Outcomes Results Limitations Qs
Significant improvement in lean body
. 12 weeks Lean body mass, ASMM (DXA) mass z?pd ASMM in exercise and
Non-disabled men and women . X . . . nutritional supplement group .
. . Group A: supervised resistance exercise; 60 min, 2x/week Muscle strength: handgrip, X Few male subjects,
. Not engaged in an exercise - . . . : compared to exercise only )
Seino et al. rooram + nutritional supplement; 114 kcal, 10.5 g protein, 1x/day knee-extension strength, 5-time No sienificant differences between compliance to the 228
2018 [34] Mearl?a ge 73.5 vrs + micronutrient beverage, 1x/day (n = 41) sit-to-stand test r§u s in handerip strength intervention not
ng— 8 Y Group B: supervised resistance exercise; 60 min, 2x/week Physical performance: assessed by kng ) f . " 5 pth . gl ,l mentioned
B (n=41) single leg stand, gait speed, TUG ce-extension strength, sing'e ‘eg
stand, gait speed, TUG, 5-time
sit-to-stand test
Significant improvement in handgrip,
Men and women 3 months Skeletal muscle index: absolute galt;p::scit tzr;ieS;::;ei:tgiisiij test
Low protein intake < 1 g/kg/day Group A: home-based supervised progressive resistance skeletal muscle mass / height combined resistance glus yrotein
De Carvalho Able to walk independently exercise program; 60 min, 3x/week (n = 20) squared (BIA) lement ot p . pr dt No monitoring of
Bastone et al. Handgrip strength <20 kg in Group B: protein supplement; 40 g protein/day (n = 20) Muscle strength: handgrip, 30 s SUppement groups compared to nutrient intake, lack of 21/28
grip g g p b:p PP &P y g grip. control grou
2020 [35] women, <30 kg in men Group C: combined resistance exercise program and and 5-time sit-to-stand test No significant dsi;ffer;ce inall statistical power
Mean age 75.9 + 6.7 yrs protein supplementation (1 = 20) Physical performance: gait speed . rr% ters between resistan
n =280 Group D: daily routine (1 = 20) (8-m course), TUG  parameters between resistance
training only and combined resistance
plus protein supplement groups
Men and women
Able to walk independently; risk of 4 months Fat-free mass (device?) Low compliance, protein
Bonnefoy et al becoming frail: gait speed < 0.8 INT: self-administered mobility, strength, balance and Physical performance: TUG, Only significant reduction in supplementation only
2012 [}_; o] " m/s + PASE < 64 for men, < 52 for endurance exercise program; 20 min, 1x/day + protein ~ walking speed, maximum walking maximum walking time in during 1.5 month, 17/28
. women supplement; 10 g/day during 1.5 months (1 = 53) time, 1-min sit-to-stand test, control group evaluators and
Median age 84 yrs CO: no treatment (1 = 49) six-stair climbing time participants not blinded
n =102
6 months
Men and Women Group A: supervised endurance, resistance, balance and No improvement in ASMM in
Mobility limitations: SPPB < 9 flexibility exercise; 60 min, 3x/week + gutrltlonal ASMM (DXA) bth groups ) o
Englund et al. R X supplement; 150 kcal, 20 g whey protein, 800 UI . Improvement in muscle strength in No monitoring of
Low serum vitamin D level Muscle strength: 21/28
2017 [37] vitamin D, 1x/day (n = 74) e . both groups nutrient intake
Mean age 77.5 + 5.4 yrs G . . . isokinetic strength A g
=149 roup B: supervised endurance, resistance, balance and No significant differences for all
flexibility exercise; 60 min, 3x/week + placebo, 30 kcal, parameters between groups
1x/day (n =75)
6 months
Group A: supervised endurance, resistance, balance and
Men and Women oo . . .
Mobility limitations: SPPB <9 flexibility exercise; 60 min, 3x/week + nutritional Significant improvement in gait speed
Fielding et al. Y o - supplement; 150 kcal, 20 g whey protein, 800 Ul vitamin ~ Physical performance: gait speed & P gatt sp No monitoring of
Low serum vitamin D level R and SPPB in both groups but no o 21/28
2017 [38] D, 1x/day (n = 74) (400-m walk capacity), SPPB L . nutrient intake
Mean age 77.5 + 5.4 yrs . . significant difference between groups
= 149 Group B: supervised endurance, resistance, balance and
flexibility exercise; 60 min, 3x/week + placebo, 30 kcal,
1x/day (n =75)
Cross-over design: two time 3 months of
Pre-frail and frail men and women supplementation combined with exercise, washout of Muscle st th: handeri Significant improvement in lower limb High dropout rate, no
Ikeda et al according to Fried et al. 1 month with exercise only anl(:lslcoivserrei‘ir;ﬁb isoi?e ti?g;;i pte}: isometric strength and dynamic monitoring of nutrient
2016 [39] ) Mean age 78.4 + 7.8 yrs and 80.4 + Supplementation: 6g of BCAA or 6 g of maltodextrin, Physical performance: TUGg balance ability in BCAA group intake, population 19/28
’ 8.9 yrs in the 2 groups 2x/week 10 min before exercise 5] P bal bl " ’ compared to the control group after including both pre-frail
n=>52 Exercise: supervised resistance, endurance, balance ynamic balance abiiity crossover and frail subjects

exercise; 2x/week
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Table 2. Cont.
Studies Population Intervention Outcomes Results Limitations Qs
6 months
Group A: pedometer-based walking program;
Non-frail and frail (Cardiovascular Health increasing gf daily steps by 10 Jo each month with Slgn1f1cant {mprovgment of sk?letal No mpnltqung of
I ankle weight 0.5 kg + nutritional supplement; muscle index in exercise + nutrition and nutrient intake,
Study criteria) men and women ! R . . . .
Yamada et al. 3 200 kcal, 10 g protein, 12.5 ug vitamin D, 1x/day Skeletal muscle mass index: exercise alone compared to compliance and number
. Able to walk independently Y . 20/28
2015 [40] Ace > 65 yr (n="79) muscle mass/height® (BIA) control group of steps in both groups
gne - 227}’ s Group B: pedometer-based walking program; Effects more pronounced in the before and after
- increasing of daily steps by 10% each month with subgroup of frail subjects intervention not reported
ankle weight 0.5 kg (n =71)
Group C: daily routine (n = 77)
12 months
Sarcopenic men and women Instructions on low-intensity home-based exercise, - . . . .
) . . ) . . No significant differences in skeletal Dropout higher in control
Able to walk independently importance of dietary protein and vitamin D Skeletal muscle index: skeletal > .
. . . . . IS muscle index and physical performance  group compared to other
Bjorkmanetal.  Handgrip <20 kg in women, < 30 kg in supplementation 20 ug/day + muscle mass / height* (BIA) b .
) k R _ R . etween groups groups, low compliance 21/28
2020 [41] men or gait speed <0.80 m/s Group A: no treatment (n = 72) Muscle strength: handgrip L .0 .
v - ~ . . Significant reduction in muscle strength and adherence in
75-96 yrs Group B: isocaloric placebo (1 = 73) physical performance: SPPB in all erouns intervention groups
n=218 Group C: protein supplement; 20g whey protein, group € group
2x/day (n = 73)
12 weeks
. . . Compared to control group:
Group A: supervised endurance and resistance Sienificant improvement of ASMMI in
exercise; 45 min, 1x/week + home session, resistance ASSM (DXA) 8 . prove
. . . . exercise + nutritional supplement
Sarcopenic men and women exercise, min 1x/week (n = 40) Muscle strength: handgrip S
. . . - j . group only No monitoring of
Zhu et al. Sarcopenia: Asian Working Group criteria Group B: supervised endurance and resistance strength, leg extensors strength, . . o .
) ! . . . . . Significant improvement of leg extensors nutrient intake, high 21/28
2019 [42] > 65 yrs exercise; 45 min, 1x/week + home session, resistance 5-time sit-to-stand test . N .
_ . . - . L strength and 5-time sit-to-stand test in dropout rate
n=113 exercise, min 1x/week nutritional supplement + oral ~ Physical performance: gait speed . .
o . . both intervention groups
nutritional supplement; 231 kcal, 8.61 g protein, (6-m walk test) o e . .
_ No significant improvement of handgrip
1x/day (n = 36) and gait speed
Group C: daily routine (n = 37) At sp
3 months
) Group A supervised resmtalnce and balance exercise; Compared to health education group:
Sarcopenic women 60 min, 2x/week + protein supplement; 3.0 g of L n . .
o 5 . . Leg muscle mass (BIA) Significant increase in leg muscle mass
Sarcopenia: ASMMI < 6.42 kg/m*, knee amino acid, 2x/day X . . . .
. . . _ Muscle strength: knee and muscle strength only in the exercise Multiple testing, no
Kim et al. extension strength < 1.01 Nm/kg, gait (n=38) . 2. -
) 2 . . . extension strength + nutrition group monitoring of 21/28
2012 [43] speed < 1.22 m/s, BMI < 22.0 kg/m Group B: supervised resistance and balance exercise; X R . -
. _ Physical performance: Signification increase of walking speed nutrient intake
>75yrs 60 min, 2x/week (n = 39) h . . -
. . . walking speed in exercise + nutrition group and
n =155 Group C: protein supplement; 3.0 g of amino acid, exercise only erotns
2x/day (n = 39) y group
Group D: health education (1 = 39)
. Muscle distribution of intra-fascial Sarcopenia and obesity
Sarcopenic and obese men 16 weeks " .
. . . fat-free muscle volume of the N . not defined according
Sarcopenia: INT: whole-body electro-myostimulation; 1 Significant improvement of all .
. . . . mid-thigh (MRI) and ASMM (BIA) L . usual definitions, lower
Kemmler et al. ASSM/BMI <0.789 14 to 20 min, 1.5x/week + whey protein (aim: protein X parameters in intervention group o
2018 [44] Muscle strength: protein intake than 19/28

Obesity: fat mass > 27%
>70yrs
n=67

intake 1.7-1.8 g/kg/day) and 800 UI vitamin D/day
(n=33)
CO: no treatment (n = 34)

leg-extensor strength
Physical performance: 10-m
gait velocity

compared to baseline and compared to
control group

prescribed in intervention
group, high MRI
assessment refusal rate
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Table 2. Cont.
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Studies Population Intervention Outcomes Results Limitations Qs
16 weeks
Sarcopenic and obese men Group A: whole-body electro-myostimulation; L . Sarcopenia and obesity
. . o . Significant improvement of skeletal . .
Sarcopenia: 14 to 20 min, 1.5x/week + whey protein (aim: protein Skeletal muscle index: muscle index in the not defined according
Kemmler et al. ASSM/BMI < 0.789 intake 1.7-1.8 g/kg/day) and 800 UI vitamin D/day : . X usual definitions, pro tein
. ASSM/BMI (BIA) 2 intervention groups . 19/28
2017 [45] Obesity: fat mass > 27% (n=33) . R . . . intake lower than
o - Muscle strength: handgrip Significant increase in handgrip strength . .
> 70 yrs Group B: whey protein (aim: protein intake 1.7-1.8 with electromvostimulation onl prescribed in both
n =100 g/kg/day) and 800 Ul vitamin D/day (n = 33) Y y protein-supplemented group
Group C: no treatment (n = 34)
3 months
Group A: supervised resistance and endurance
Sarcopenic and obese women exercise; 60 min, 2x/week + nutritional supplement
Sarcopenia: skeletal m}lscle index 3.0 g leucine, %O mg Y{tamm D and 350 mL of tea ASMM (BIA) No significant changes in ASMM and ) )
. < 5.67 kg/m2, handgrip < 17 kg, catechin fortified, 1x/day (n = 36) . . Multiple testing, no
Kim et al. H K . : Muscle strength: handgrip handgrip strength between the groups o ¢ .
2016 [46] gait speed < 1.0 m/s Group B: supervised resistance and endurance Physical performance: 11-m gait  Significant improvement of gait velocity monitoring of nutrient 22/28
Obesity: fat mass > 32% exercise; 60 min, 2x/week (n = 36) locit : in exercise + nutrition or intake
> 70 yrs Group C: nutritional supplement 3.0 g leucine, 20 mg veloaty exeraise T nutntion group
n =139 vitamin D and 350 mL of tea catechin fortified,

1x/day (n = 34)
Group D: health education (n = 34)

Abbreviations: ASMM: Appendicular skeletal muscle mass, ASMMI: appendicular skeletal muscle mass index, BCAA: branched chain amino acids, BIA: bioelectrical impedance analysis,
BMI: body mass index, CO: control group, DXA: dual-energy X-ray absorptiometry, HMB: beta-Hydroxy beta-methylbutyric acid, INT: intervention group, MRI: magnetic resonance

imaging,

PASE: physical activity scale for the elderly, SPPB: short physical performance battery, TUG: timed up and go, EMWT: six-minute walk test; Yrs: years.

Table 3. Combined nutritional and testosterone therapy interventions in community-dwelling older adults.

Studies Population Intervention Outcomes Results Limitations Qs
6 months .
Group A: placebo injections weekly + 0.8 g/kg/day . Regardless of whether patients
protein (n = 24) Lean body mass, ASSM (DXA) received testosterone or placebo: no change
Men Group B: placebo injections weekly + 1.3 g/kg/day =~ Muscle strength: maximal leg hlzig??ilfci?jis};::;zzls ;:2??;?1, anr;c; to No combined physical activity,
. Mobility limitations: SPPB 3-10 protein (n = 24) press and chest press strength phy S8 only men, pre-packaged
Bhasin et al. . o . 0.8 vs 1.3 g/kg/d of protein
Daily protein intake < 0.83 g/kg/day Group C: testosterone enanthate 100 mg Physical performance: 6MWT, . . controlled meals (not 24/28
2018 [47] . . - Regardless of whether patients received 0.8 . .
Mean age 73 + 5.8 yrs intramuscularly weekly + 0.8 g/kg/day protein stair climbing, 50-m walk ) . representative of reality),
n=92 (n=22) cartying a load equaling 20%  *° 1.3 g/kg/d of protein: change in lean mass, statistical power limited
B Group D: testostero;e enanthate 100 mg e body mgss 8o ASSM and muscle strength but not in F
intramuscularly weekly + 1.3 g/kg/day protein physical function in men randomized to
(n = 22) testosterone compared to placebo
Undernourished men and women 12 months
Visvanathan MNA: 17 and 23.5 INT: nutritional supplement; 500-800 kcal, 1x/day Muscle mass (BIA) o ) ) ) Expected sample size not
etal. [48] BMI < 22 kg/m?2 or self-reported + oral testosterone; undecanoate 40 mg/day Muscle strength: handeri No significant difference in all parameters in reached, high dropout rate, no 2/28
20'1 6 weight loss >7.5% in the last 3 months women, 160 mg/day men (1 = 25) Hospital agdn'.lissionf P each arm and between the treatment arms monitc);in go P nuIt:’rient intéke
Aged > 65 yrs CO: nutritional supplement; 35-45 kcal, 1x/day + P &
n=>53 placebo medication (1 = 26)

Abbreviations: BMI: body mass index, CO: control group, DXA: dual-energy X-ray absorptiometry, INT: intervention group, MNA: nini nutritional assessment, SPPB: short physical
performance battery, Yrs: years, 6MWT: six-minute walk test.
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Table 4. Multimodal interventions in community-dwelling older adults.

10 of 21

Studies Population Intervention Outcomes Results Limitations Qs
During 4 weeks after discharge Significant improvement in SPPB score
Men and women admitted to ! . . A .
. L roup A: protein supplement; whey protein, in all active intervention groups
hospital for an acute medical illness G 4 t ! ;20 g wh ¢ Il act t .
pita 2x/day (n = 20) compared to placebo . .
Residing at home before and . . L Lo . . Pilot study with many
R Group B: in-home resistance training program, 3x/week Lean body mass and No significant differences in body . . s
after hospitalization o interventions studied in the
Deer et al. + placebo supplement (1 = 21) ASMM (DXA) composition between groups . -
Able to walk across a small room . . . . L . 4 same trial, statistical power 20/28
2019 [49] AT Group C: combined protein supplementation + Physical performance: SPPB Readmission rates highest in placebo . L
2 weeks before hospitalization and to . . . o . limited, no monitoring of
. resistance training (n = 20) 30-day readmission (28%), followed by exercise + placebo N
stand independently . Lo o . . o, nutrient intake
Mean age 78.1 + 8.0 vrs Group D: single testosterone injection; enanthate 100 mg (15%), protein supplementation (12%),
gn - 1 007 s for women, 200 mg for men (n = 19) exercise + protein supplementation
Group E: placebo (n = 20) (11%) and testosterone (5%)
Follow-up at 3 and 18 months
. . INT: multimodal therapy; supervised exerci No monitoring of nutrient
Prefrail and frail men and women 0 < P}{; S Ape sed exe C s.e' Muscle strength: L . . .O onitoring O €
TUG: 10-20 endurance, resistance, flexibility, balance training; handerip strenath Significant improvement in all intake, no assessment of
mera-Liebana et al. e . min, 2x/week, for 6 weeks + nutritional supplement; . arameters in the intervention grou muscle mass, ropou
o . : s . o andgrip streng . . . )
No severe cognitive impairment X Physical performance: SPPB, 22/28
2017 [50] 156 kcal, 11.8g protein, 1x/day, for 6 weeks + memory . X at 3 and 18 months compared to rate at 18 months,
Mean age 77.3 yrs . - standing balance, stretching and .
workshop; 90 min, 2x/week for 6 weeks + medication . . control group compliance to the
n =352 . unipodal station test . : -
review (n = 176) intervention not mentioned
CO: standard care (n = 176)
24 weeks .
. . . Frailty score status:
Group A: resistance and balance exercise; supervised . . )
. unintentional weight, slowness
. . 12 weeks, 90 min, 2x/week and home-based, 12 weeks, .
Pre-frail and frail men and women A (6m fast gait speed), weakness L . . . I .
. . 90 min, 2x/week (n = 48) . Significant reduction of frailty scorein ~ No monitoring of nutrient
according to Fried et al. - . (knee extension strength), - . . . . .
Ngetal. . Group B: nutritional supplement; 300 kcal, 12 g proteins, . exercise and combined intervention intake, population
Able to walk independently Mean exhaustion (SF-12 scale) and X . . R 23/28
2015 [51] 1x/day (n = 49) L. L X groups only compared to baseline including both pre-frail and
age 70.0 £ 4.7 yrs - L low-activity (longitudinal ageing . . I . .
Group C: cognitive training; 2h, 1x/week (1 = 50) . N . . No difference in hospitalization rate frail subjects
n =246 physical activity questionnaire)

Group D: combined intervention (exercise, nutritional
supplement and cognitive training) (n = 49)
Group E: standard care (n = 50)

Hospitalization rate:
self-reported

Abbreviations: ASMM: appendicular skeletal muscle mass, CO: control group, DXA: dual-energy X-ray absorptiometry, INT: intervention group, SPPB: short physical performance battery,

TUG: timed up-and-go, Yrs: years.
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3.4.2. Combined Nutritional and Physical Activity/Exercise Interventions

Healthy Older Adults

Two studies investigated the impact of exercise combined with nutritional supplementation on
muscle mass, muscle strength, and physical performance in healthy Japanese and Italian older women.
After a 24-week intervention, whey protein supplementation (22.3 g) ingested twice a week after
resistance exercise increased upper and lower limb muscle mass (p = 0.029 and < 0.001), handgrip and
knee extension strength (p = 0.014 and < 0.001), and gait speed (p = 0.026) compared to whey protein
supplementation alone [29]. An 8-week endurance and resistance exercise program with a daily oral
nutritional supplementation (330 kcal, 20 g of proteins, 1.5 g of HMB) improved peak torque isometric
knee extension (A = 3.32 £ 2.61 Nm; p = 0.03), isokinetic strength (A = 9.74 + 3.90 Nm; p = 0.02),
and 6-min walking test (A = 7.67 + 8.29 m; p = 0.04) compared to no treatment [30].

Kirk et al. randomized untrained subjects to a 16-week combined physical and nutritional
intervention, consisting of resistance and functional exercise plus a leucine-enriched whey protein
supplement to achieve 1.5 g/kg/day of proteins, a physical or nutritional intervention alone, or no
treatment [31,32]. A significant improvement in muscle strength and physical performance was noted
in combined physical and nutritional groups, and in physical groups alone. However, no differences
between the two groups was noted. In other words, leucine-enriched whey protein supplementation
did not provide any further benefits, but the authors reported a lack of compliance to supplementation.
In a small sample, Markofski et al. demonstrated a beneficial effect of a 12-week daily essential
amino acids supplement (15 g) plus supervised endurance exercise on isokinetic leg strength, walking
speed and V0, peak in low active subjects [33]. Unfortunately, they did not report nutrient intake.
Seino et al. combined a resistance exercise training program with or without a daily oral nutritional
supplementation (114 kcal, 10.5 g of proteins, micronutrients: 8.0 mg zinc, 12 pg vitamin B12,
200 pg folic acid, 200 IU vitamin D, and others) in healthy older adults not engaged in an exercise
program [34]. After 12 weeks, the combined exercise and nutritional intervention group showed
a greater improvement in lean body mass (supplementation effect = 0.63 kg [95%CI: 0.31 to 0.95]) and
ASMM (supplementation effect = 0.37 kg [95%Cl: 0.16 to 0.58]) but no change in muscle strength and
physical performance. However, the authors did not mention the compliance to the interventions.

Older Adults with Low-Protein Intake or Limited Mobility

In Brazilian older adults able to walk independently but with protein a intake <1 g/kg/day,
a 3-month resistance training combined with protein supplementation (40 g/day) improved handgrip
strength (22.55 + 6.31 vs. 16.46 + 3.78 kg, p < 0.001), and 5-time sit-to-stand test (11.89 + 2.87 vs.
17.05 + 7.69 s, p = 0.016) compared to a control group keeping to their daily routine [35]. Bonnefoy et al.
followed French older adults at risk of becoming frail but able to walk independently over 4 months [36].
A daily self-administered mobility, strength, balance, and endurance exercise program combined with
protein supplementation (10 g/day) had benefits on walking speed in 44% of participants considered to
be good compliers. A supervised endurance, resistance, balance, and flexibility exercise combined with
a daily oral nutritional supplement (150 kcal, 20 g of whey protein, 800 Ul vitamin D) was tested in a
large sample of mobility-limited Swedish older adults with vitamin D insufficiency. The control group
received the same training program plus a placebo [37,38]. After 6 months, both groups improved
knee extensor strength (mean change: 7.27 Nm (95%CI 3.16 to 11.37) for intervention and 9.08 Nm
(95%CI 5.03 to 13.14) for placebo; all p < 0.001) and physical performance (mean change in 400-m walk
speed: 0.08 m/s (95%CI 0.05 to 0.10) for intervention and 0.11 m/s (95%CI 0.08 to 0.14) for placebo;
mean increase in SPPB score: 2.1 and 2.6 units respectively; all p < 0.05). Interestingly, the authors did
not demonstrate differences between groups, suggesting that the nutritional supplementation did not
provide additional benefits, but that the interpretation is limited by the lack of data on total caloric and
protein intake.
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Frail Older Adults

Two studies were performed in frail Japanese older adults. Ikeda et al. conducted a randomized
crossover trial among subjects requiring long-term care [39]. A combination of resistance, endurance,
and balance training plus nutritional interventions (6 g of branched chain amino acids (BCAA)
or 6 g of maltodextrin, 2x/week, before exercise) was carried out twice a week during periods A
(3 months) and B (3 months). During the wash-out period of 1 month, participants were engaged in
an exercise intervention alone. In spite of a drop-out rate of 21%, the authors showed a significant
10% improvement in lower limb isometric strength and dynamic balance ability in the BCAA group
compared to the control group. Yamada et al. demonstrated that a pedometer-based walking
intervention with an increment in daily steps of 10% each month increased skeletal muscle index by
0.64% after 6 months [40]. With the adjunction of a daily oral nutritional supplementation (200 kcal,
10 g of protein, 12.5 pg of vitamin D), the increase was 3.16%. These results were significant compared
to the control group (p = 0.005).

Sarcopenic Older Adults

The effects of combined nutritional and exercise interventions have been tested several times
in sarcopenic older adults living in the community. Bjorkman et al. randomized 218 Finnish older
subjects to 2 X 20 g/day of whey protein supplementation or isocaloric placebo or control with no
supplementation [41]. All participants were given instructions on low intensity home-based exercise,
the importance of dietary protein intake, and vitamin D supplementation of 20 ug/day. After 12 months,
the whey supplementation combined with the home-based program did not enhance muscle mass,
muscle strength, and physical performance but a compliance of only 45% was reported. In China,
patients undergoing an endurance and resistance exercise training program over 12 weeks, with or
without daily nutritional supplementation (231 kcal, 8.61 g of protein), significantly improved ASMMI
(mean change: 0.11 kg/mz, (95%CI 0.03 to 0.19) vs. —0.21 kg/mz, (95%CI —0.43 to 0.02); p < 0.05),
leg extensors strength (mean change: 3.73 kg, (95%CI 2.28 to 5.18) vs. —0.62 kg/m?, (95%CI —2.17 to
0.92); p < 0.05) and 5-time sit-to-stand test (mean change: —3.77 kg, (95%CI —4.76 to —2.77) vs. —1.49 kg,
(95%CI —2.55 to —0.43); p < 0.05) [42]. The beneficial effects of combined nutritional and exercise
interventions on sarcopenia parameters were also confirmed in Japanese older women in a 3-month
resistance and balance exercise plus daily 6 g amino acid supplementation [43]. In older German
men with sarcopenic obesity, whole body electrostimulation plus protein intake of 1.7-1.8 kg/day and
800 UI vitamin D over 16 weeks improved muscle mass, muscle strength, and physical performance as
compared to no treatment [44,45]. The skeletal muscle index mean change was 0.018 (95%CI 0.011 to
0.026) vs. —0.008 (95%CI —0.001 to —0.016) (p < 0.009). The mean difference for ASMM was 0.45 kg
(95%CI 0.26 to 0.65), for maximum dynamic strength “leg press” 155 N (95%CI 73 to 238), and for 10-m
gait velocity 0.041 m/s (95%CI 0.020 to 0.063) (all p < 0.001). Finally, Kim et al. demonstrated a greater
change in 11 m gait velocity for resistance and endurance exercise combined with leucine nutrition
supplementation (3 g/day) than for the control group in women with sarcopenic obesity [46].

Summary

The literature showed that combined nutritional and physical activity/exercise interventions are
efficient to prevent sarcopenia in healthy community-dwelling people, and to improve muscle mass,
muscle strength and physical performance in frail and sarcopenic subjects. However, it is important
to note that the definition of sarcopenia for the inclusion of the participants varied between studies
(Table 2).

3.4.3. Combined Nutritional and Testosterone Therapy Interventions

Two authors studied the effects of nutritional intervention combined with testosterone therapy.
Bhasin et al. randomized older men with mobility limitations and daily protein intake < 0.83 g/kg/day
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to a 6-month controlled diet with weekly placebo injections plus 0.8 g/kg/day of protein, weekly placebo
injections plus 1.3 g/kg/day of protein, weekly testosterone injections plus 0.8 g/kg/day of protein,
or weekly testosterone injections plus 1.3 g/kg/day of protein [47]. Compared to placebo, testosterone
was associated with a greater change in lean body mass (effect size: 3.54 kg, 95%CI 2.88-4.20, p < 0.001),
ASSM (1.86 kg, 95%CI 1.48-2.23; p < 0.001), maximal leg press strength (84.1 N; 95%CI, 7.5-160.8,
p = 0.03), and chest press strength (37.0 N, 95%CI 18.8-55.1, p< 0.001), while protein intake did not
influence the positive anabolic response to testosterone therapy. In a smaller study, Visvanathan
et al. tested a daily oral nutritional supplement (500-800 kcal) combined with oral testosterone in
undernourished older subjects, for one year [48]. The authors failed to demonstrate any effect of this
intervention on muscle mass, muscle strength and hospital admissions. However, this study had a
high dropout rate of 36% and the total nutrient intake was not assessed.

In community-dwelling older adults, the benefits of testosterone therapy added to nutritional
supplementation are open to debate and the maintenance of muscle mass and strength over time after
stopping testosterone therapy remains to be demonstrated (Table 3).

3.4.4. Multimodal Interventions (>2 Interventions)

Deer et al. randomized older adults admitted to hospital for an acute medical illness to one
of five interventions groups: (1) whey protein supplementation, 40 g/day, (2) in-home resistance
training program, (3) combined whey protein supplementation plus exercise program, (4) single
testosterone injection, (5) isocaloric placebo [49]. Patients were included at discharge and followed over
4 weeks. Physical performance was improved in all active intervention groups compared to placebo
(p < 0.05) with no difference between the intervention groups. Readmission rates were highest in the
groups receiving isocaloric placebo (28%), followed by the exercise program (15%), the whey protein
supplementation (12%), and the combined whey protein supplementation plus exercise program (11%),
and testosterone (5%). As this was a pilot study, the sample size in each group was small and the
statistical power was limited.

Two studies evaluated the impact of multimodal interventions in community-living frail older
adults. In a large sample, Romera-Liebana et al. were interested in the impact of supervised exercise,
endurance, resistance, flexibility, balance training + daily nutritional supplement (156 kcal, 11.8 g
protein, for 6 weeks) + memory workshop + medication review [50]. As compared to a control
group receiving standard care and after 3- and 18-month follow-up, the authors reported a significant
improvement in handgrip strength (2.84 and 2.49 kg, p < 0.001) and SPPB score (1.58 and 1.36 points,
p < 0.001). Nutrient intake was not monitored and compliance to the intervention was not mentioned.
Ng et al. randomized subjects to five different 6-month interventions: (1) supervised and home-based
resistance and balance exercise; (2) daily oral nutritional supplementation (300 kcal, 12 g of proteins);
(3) cognitive training; (4) combined exercise, nutritional and cognitive interventions or; (5) usual care
control [51]. As compared to baseline, the multimodal approach (mean change from baseline in frailty
score status based on Fried et al. criteria: —0.87, 95%CI —1.16, —0.59, p < 0.05) and exercise alone
(mean change from baseline in frailty score status: —0.98, 95%CI —1.26, —0.70, p < 0.05) were effective
in reversing frailty. However, no difference in hospitalization rates were reported.

In community-dwelling older adults, multimodal interventions showed encouraging results on
muscle strength and physical performance but there was a controversial impact on hospitalization
rates (Table 4).

4. Discussion

This systematic review sums up the findings from studies published since 2010 on the impact of
nutritional intervention alone or combined with other treatments on muscle mass, muscle strength,
and physical performance in community-dwelling older adults. The literature reveals that results
are heterogeneous. Nutritional supplementation as a sole intervention of interest could be an
interesting means of improving muscle mass, muscle strength, and physical performance in frail
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and sarcopenic subjects only. Several studies show the additional effect of endurance and resistance
exercise to nutritional supplementation, particularly in frail and sarcopenic older adults. The benefits of
testosterone therapy added to nutritional supplementation remain controversial. Finally, multimodal
interventions show encouraging results on the muscle strength and physical performance of frail
subjects. Regarding the second outcome, only three studies reported the hospitalization rate with no
significant improvement after interventions.

In older adults with malnutrition or at risk of malnutrition, oral nutritional supplements, providing
at least 400 kcal and 30 g of protein/day for a minimum of 1 month, has been recommended by the
European Society for Clinical Nutrition and Metabolism (ESPEN) [20]. Oral nutritional supplements
improve protein and caloric intake. In older subjects of any nutritional status and from any settings,
a previous systematic review showed that high protein oral nutritional supplementation (> 20% energy
from protein) improved muscle strength and body composition and decreased the hospitalization
rate [52]. In community-dwelling older adults, we found that protein supplementation (25 to 46 g/day)
was effective on muscle mass, strength, and physical performance in frail and sarcopenic subjects [27,28].
However, the effects of oral nutritional supplementation were limited in healthy subjects [24-26].
Three factors could explain these results: the participants had high protein intake at inclusion, the results
may have been confounded by physical activity which was not reported or assessed, and most studies
were underpowered (small sample size). These data support the use of oral nutritional supplement in
frail and sarcopenic subjects living in the community.

The benefits of regular physical activity are well established in older adults. Physical activity
improves cardiorespiratory fitness, body composition, muscle strength, metabolic parameters, bones,
and functionality and reduces the risk of mortality, noncommunicable chronic diseases, cognitive decline,
falls, and depression [53,54]. The WHO recommends each week at least 150 min of moderate-intensity
endurance exercise, two sessions of resistance exercise, and three sessions of balance exercise in people
with poor mobility [53]. Recently, a meta-analysis concluded that physical activity alone and nutritional
support combined to physical activity were the most effective interventions to decrease frailty [55].
Our systematic review shows similar findings. Nutritional supplementation combined with resistance
and/or endurance exercise had interesting effects on muscle mass, muscle strength, and the physical
performance of frail and sarcopenic older adults. While the modalities of the interventions varied
widely between studies, it seems that a minimum of two sessions of resistance training per week
combined to a protein supplementation of a minimum of 6 g/day should be carried out for 12 weeks.
However, this systematic review reveals that the effects of such interventions are less clear in healthy,
non-frail, untrained, or low active older subjects. These observations are consistent with previously
reported outcomes. A recent meta-analysis highlighted that protein supplementation combined with
resistance training did not improve muscle mass, muscle strength and physical performance in non-frail
community-dwelling older adults [56]. It suggested that protein supplementation plus resistance
and/or resistance training could have beneficial effects in specific groups of older adults.

Testosterone therapy has been suggested to counteract age-related effects and improve muscle
mass [57]. However, the use of testosterone can be associated with cardio-metabolic disorders and
its benefits do not appear to last after the treatment period [58]. In older undernourished subjects
and men with mobility limitations and low protein intake, testosterone combined with protein or
caloric supplementation over 6 to 12 months did not demonstrate a positive effect on muscle mass,
muscle strength, physical function, or hospital admissions [47,48]. As the effects of testosterone are
controversial, it does not seem appropriate to recommend this intervention in this population.

Multimodal interventions combine more than two strategy interventions. The aging process is
associated with physical, cognitive, and social changes [2]. Therefore, a multidisciplinary approach
is interesting and is recommended for older adults [20]. Previous studies have shown the positive
effects of multimodal interventions in nursing home residents and in older malnourished people
receiving home care [59,60]. The same results were found in frail community-dwelling older people.
A multimodal therapy including caloric and protein nutritional supplementation, multicomponent
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exercises, and cognitive training for 6 to 24 weeks significantly improved muscle strength and physical
performance [50,51]. Interestingly, Ng et al. showed that these improvements were still effective
more than a year after the end of the intervention [51]. While the authors did not assess muscle
mass, multimodal interventions can be recommended in frail and sarcopenic community-dwelling
older adults.

Currently, there is a need to optimize the management of older adults living in the community
and especially frail and sarcopenic subjects (Figure 2). Older adults should be routinely screened
by their general practitioner with a validated screening tool such as Mini Nutritional Assessment
(MNA) [20,61]. Recently, the Global Leadership Initiative on Malnutrition (GLIM) has proposed a new
definition of malnutrition based on the presence of one phenotypic criterion (unintentional weight loss,
low body mass index, or reduced muscle mass) associated with one etiologic criterion (reduced food
intake or assimilation, or disease burden/inflammatory condition) [62]. The results of the screening
and the assessment of malnutrition should be used to define the therapeutic strategy. Based on this
study, a multimodal intervention including at least a combined nutritional and exercise intervention
should be implemented. The modalities of such interventions remain to be clearly defined, but pending
further studies, the recommendations of the ESPEN and the WHO should be used. According to the
ESPEN, older adults at risk of malnutrition or with malnutrition should receive a daily oral nutritional
supplement (minimum 400 kcal and 30 g of proteins/day) [20] and should undergo at least 150 min
of moderate-intensity endurance exercise and two sessions of resistance exercise each week [53].
Three sessions of balance exercise should also be performed by people with mobility limitations.
Other interventions, such as cognitive interventions, can be added according to an individual’s specific
health needs. Finally, specific outcomes must be defined to evaluate the impact of the intervention on
muscle mass, muscle strength, and physical function. This study highlights the need to standardize
the methods used to assess these outcomes. In the new definition of sarcopenia, the EWGSOP has
proposed some tools: (a) dual-energy X-ray absorptiometry and bioelectrical impedance analysis for
muscle mass; (b) handgrip strength and 5-time sit-to-stand test for muscle strength; and (c) gait speed,
SPPB score, TUG and 400 m walk test for physical performance [5]. These tools could be generalized to
all community-dwelling older adults.

This systematic review has some limitations. First, the literature search was performed only
on Medline. Additional studies and other unpublished studies could have been omitted. Second,
only one author (J.M.) assessed the titles, abstracts, and full-texts for eligibility, and abstracted the
data from source studies. Potential discrepancies for study selection and data collection between the
authors could not be verified. Third, for most studies, nutritional intake and nutritional expenditure
by physical activity were not assessed. Although nutritional supplementation is implemented, we do
not know if participants met their energy and protein needs. Finally, the results are heterogeneous.
The definition used to select the population, the type of interventions, and the methods used to assess
outcomes varied between studies, which limited their comparability. The strength of this review is its
systematic methodology and the thorough review of the source studies reported in the tables.
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Routine screening for malnutrition

Mini Nutritional Assessment
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Assessment of malnutrition

GLIM criteria
One phenotypic criteria:
Unintentional weight loss
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5. Conclusions

This systematic review highlights the importance of a multimodal approach, including at least a
combined nutritional and exercise intervention, to improve muscle mass, muscle strength, and physical
performance, in community-dwelling older adults, especially in frail and sarcopenic subjects. Regarding
hospitalization and readmission rates, data are limited and inconclusive. Future studies should continue
to investigate the effects of such interventions in older adults living in the community. The population
should be carefully selected and the type of interventions and the methods used to assess outcomes
should be standardized to improve reliability and comparability between studies.

Author Contributions: Conceptualization, ].M. and C.G.; methodology, ].M. and C.G.; writing—original draft
preparation, ] M.; writing—review and editing, ] M., C.G., L.G., and T.-H.C.; supervision, C.G. and L.G. All authors
have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.  World Health Organization. Decade of Healthy Ageing. Available online: https://www.who.int/ageing/
decade-of-healthy-ageing (accessed on 7 August 2020).

2. Jaul, E.; Barron, ]. Age-Related Diseases and Clinical and Public Health Implications for the 85 Years Old and
Over Population. Front. Public Health 2017, 5, 335. [CrossRef] [PubMed]

3.  Keller, K.; Engelhardt, M. Strength and muscle mass loss with aging process. Age and strength loss.
Muscles Ligaments Tendons . 2013, 3, 346-350. [CrossRef] [PubMed]

4. Hall, KS.; Cohen, H].; Pieper, C.E; Fillenbaum, G.G.; Kraus, W.E.; Huffman, K.M.; Cornish, M.A.; Shiloh, A ;
Flynn, C.; Sloane, R.; et al. Physical Performance Across the Adult Life Span: Correlates With Age and
Physical Activity. J. Gerontol. Biol. Sci. Med. Sci. 2017, 72, 572-578. [CrossRef] [PubMed]

5. Cruz-Jentoft, A].; Bahat, G.; Bauer, ].; Boirie, Y.; Bruyere, O.; Cederholm, T.; Cooper, C.; Landi, F,; Rolland, Y.;
Sayer, A.A.; et al. Sarcopenia: Revised European consensus on definition and diagnosis. Age Ageing
2019, 48, 16-31. [CrossRef]

6.  Sobestiansky, S.; Michaelsson, K.; Cederholm, T. Sarcopenia prevalence and associations with mortality and
hospitalisation by various sarcopenia definitions in 85-89 year old community-dwelling men: A report from
the ULSAM study. BMC Geriatr. 2019, 19, 318. [CrossRef]

7. Kim, M.; Won, C.W. Prevalence of sarcopenia in community-dwelling older adults using the definition of the
European Working Group on Sarcopenia in Older People 2: Findings from the Korean Frailty and Aging
Cohort Study. Age Ageing 2019, 48, 910-916. [CrossRef]

8. Purcell, S.A.; MacKenzie, M.; Barbosa-Silva, T.G.; Dionne, 1.].; Ghosh, S.; Olobatuyi, O.V.; Siervo, M.; Ye, M.;
Prado, C.M. Sarcopenia Prevalence Using Different Definitions in Older Community-Dwelling Canadians.
J. Nutr. Health Aging 2020, 24, 783-790. [CrossRef]

9.  (Clark, B.C.; Manini, T.M. Functional consequences of sarcopenia and dynapenia in the elderly. Curr. Opin.
Clin. Nutr. Metab. Care 2010, 13, 271-276. [CrossRef]

10. Malmstrom, TK.; Miller, D.K.; Simonsick, E.M.; Ferrucci, L.; Morley, ].E. SARC-F: A symptom score to predict
persons with sarcopenia at risk for poor functional outcomes. J. Cachexia Sarcopenia Muscle 2016, 7, 28-36.
[CrossRef]

11. Schaap, L.A.; van Schoor, N.M.; Lips, P.; Visser, M. Associations of Sarcopenia Definitions, and Their
Components, With the Incidence of Recurrent Falling and Fractures: The Longitudinal Aging Study
Amsterdam. ]. Gerontol. Biol. Sci. Med. Sci. 2018, 73, 1199-1204. [CrossRef]

12.  Zhang, X.; Zhang, W.; Wang, C.; Tao, W.; Dou, Q.; Yang, Y. Sarcopenia as a predictor of hospitalization among
older people: A systematic review and meta-analysis. BMC Geriatr. 2018, 18, 188. [CrossRef] [PubMed]

13.  Dos Santos, L.; Cyrino, E.S.; Antunes, M.; Santos, D.A.; Sardinha, L.B. Sarcopenia and physical independence
in older adults: The independent and synergic role of muscle mass and muscle function. |. Cachexia
Sarcopenia Muscle 2017, 8, 245-250. [CrossRef] [PubMed]


https://www.who.int/ageing/decade-of-healthy-ageing
https://www.who.int/ageing/decade-of-healthy-ageing
http://dx.doi.org/10.3389/fpubh.2017.00335
http://www.ncbi.nlm.nih.gov/pubmed/29312916
http://dx.doi.org/10.32098/mltj.04.2013.17
http://www.ncbi.nlm.nih.gov/pubmed/24596700
http://dx.doi.org/10.1093/gerona/glw120
http://www.ncbi.nlm.nih.gov/pubmed/27356977
http://dx.doi.org/10.1093/ageing/afy169
http://dx.doi.org/10.1186/s12877-019-1338-1
http://dx.doi.org/10.1093/ageing/afz091
http://dx.doi.org/10.1007/s12603-020-1427-z
http://dx.doi.org/10.1097/MCO.0b013e328337819e
http://dx.doi.org/10.1002/jcsm.12048
http://dx.doi.org/10.1093/gerona/glx245
http://dx.doi.org/10.1186/s12877-018-0878-0
http://www.ncbi.nlm.nih.gov/pubmed/30134867
http://dx.doi.org/10.1002/jcsm.12160
http://www.ncbi.nlm.nih.gov/pubmed/27897417

Nutrients 2020, 12, 2820 18 of 21

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Akune, T.; Muraki, S.; Oka, H.; Tanaka, S.; Kawaguchi, H.; Tokimura, F; Yoshida, H.; Suzuki, T.; Nakamura, K;
Yoshimura, N. Incidence of certified need of care in the long-term care insurance system and its risk factors in
the elderly of Japanese population-based cohorts: The ROAD study. Geriatr. Gerontol. Int. 2014, 14, 695-701.
[CrossRef]

Graf, C.E.; Karsegard, V.L.; Spoerri, A.; Makhlouf, A.M.; Ho, S.; Herrmann, ER.; Genton, L. Body composition
and all-cause mortality in subjects older than 65 y. Am. J. Clin. Nutr. 2015, 101, 760-767. [CrossRef] [PubMed]
Graf, C.E.; Herrmann, ER; Spoerri, A.; Makhlouf, A.M.; Sorensen, T.I.A.; Ho, S.; Karsegard, V.L.; Genton, L.
Impact of body composition changes on risk of all-cause mortality in older adults. Clin. Nutr. 2016, 35, 1499-1505.
[CrossRef]

Janssen, I.; Shepard, D.S.; Katzmarzyk, P.T.; Roubenoff, R. The healthcare costs of sarcopenia in the United
States. J. Am. Geriatr. Soc. 2004, 52, 80-85. [CrossRef]

Mijnarends, D.M.; Luiking, Y.C.; Halfens, R.J.G.; Evers, S.; Lenaerts, E.L.A.; Verlaan, S.; Wallace, M.;
Schols, ].M.; Meijers, ]. M. Muscle, Health and Costs: A Glance at their Relationship. J. Nutr. Health Aging
2018, 22, 766-773. [CrossRef]

Fried, L.P; Tangen, C.M.; Walston, J.; Newman, A.B.; Hirsch, C.; Gottdiener, J.; Seeman, T.; Tracy, R.;
Kop, WJ.; Burke, G.; et al. Frailty in older adults: Evidence for a phenotype. J. Gerontol. Biol. Sci. Med. Sci.
2001, 56, M146-M156. [CrossRef]

Volkert, D.; Beck, A.M.; Cederholm, T.; Cruz-Jentoft, A.; Goisser, S.; Hooper, L.; Kiesswetter, E.; Maggio, M.;
Raynaud-Simon, A; Sieber, C.C.; et al. ESPEN guideline on clinical nutrition and hydration in geriatrics.
Clin. Nutr. 2019, 38, 10-47. [CrossRef]

Moher, D,; Liberati, A.; Tetzlaff, J.; Altman, D.G.; Group, P. Preferred reporting items for systematic reviews
and meta-analyses: The PRISMA statement. PLoS Med. 2009, 6, €1000097. [CrossRef]

Downs, S.H.; Black, N. The feasibility of creating a checklist for the assessment of the methodological quality
both of randomised and non-randomised studies of health care interventions. J. Epidemiol. Community Health
1998, 52, 377-384. [CrossRef]

O’Connor, S.R;; Tully, M.A_; Ryan, B.; Bradley, ]. M.; Baxter, G.D.; McDonough, S.M. Failure of a numerical
quality assessment scale to identify potential risk of bias in a systematic review: A comparison study.
BMC Res Notes. 2015, 8, 224. [CrossRef] [PubMed]

Ellis, A.C.; Hunter, G.R.; Goss, A M.; Gower, B.A. Oral Supplementation with Beta-Hydroxy-Beta-Methylbutyrate,
Arginine, and Glutamine Improves Lean Body Mass in Healthy Older Adults. J. Diet Suppl. 2019, 16, 281-293.
[CrossRef] [PubMed]

Zhu, K.; Kerr, D.A.; Meng, X.; Devine, A.; Solah, V.; Binns, C.W.; Prince, R.L. Two-Year Whey Protein
Supplementation Did Not Enhance Muscle Mass and Physical Function in Well-Nourished Healthy Older
Postmenopausal Women. . Nutr. 2015, 145, 2520-2526. [CrossRef]

Ottestad, I.; Lovstad, A.T.; Gjevestad, G.O.; Hamarsland, H.; Saltyte Benth, J.; Andersen, L.E,; Bye, A.;
Biong, A.S.; Retterstel, K.; Iversen, P.O.; et al. Intake of a Protein-Enriched Milk and Effects on Muscle Mass
and Strength. A 12-Week Randomized Placebo Controlled Trial among Community-Dwelling Older Adults.
J. Nutr. Health Aging 2017, 21, 1160-1169. [CrossRef] [PubMed]

Kim, C.O.; Lee, K.R. Preventive effect of protein-energy supplementation on the functional decline of frail
older adults with low socioeconomic status: A community-based randomized controlled study. J. Gerontol.
Biol. Sci. Med. Sci. 2013, 68, 309-316. [CrossRef] [PubMed]

Bauer, ].M.; Verlaan, S.; Bautmans, I.; Brandt, K.; Donini, L.M.; Maggio, M.; McMurdo, M.E.; Mets, T.; Seal, C.;
Wijers, S.L.; et al. Effects of a vitamin D and leucine-enriched whey protein nutritional supplement on
measures of sarcopenia in older adults, the PROVIDE study: A randomized, double-blind, placebo-controlled
trial. J. Am. Med. Dir. Assoc. 2015, 16, 740-747. [CrossRef]

Mori, H.; Tokuda, Y. Effect of whey protein supplementation after resistance exercise on the muscle mass and
physical function of healthy older women: A randomized controlled trial. Geriatr. Gerontol. Int. 2018, 18, 1398-1404.
[CrossRef]

Berton, L.; Bano, G.; Carraro, S.; Veronese, N.; Pizzato, S.; Bolzetta, E.; De Rui, M.; Valmorbida, E.; De Ronch, I.;
Perissinotto, E.; et al. Effect of Oral Beta-Hydroxy-Beta-Methylbutyrate (HMB) Supplementation on Physical
Performance in Healthy Old Women Over 65 Years: An Open Label Randomized Controlled Trial. PLoS ONE
2015, 10, e0141757. [CrossRef]


http://dx.doi.org/10.1111/ggi.12155
http://dx.doi.org/10.3945/ajcn.114.102566
http://www.ncbi.nlm.nih.gov/pubmed/25833973
http://dx.doi.org/10.1016/j.clnu.2016.04.003
http://dx.doi.org/10.1111/j.1532-5415.2004.52014.x
http://dx.doi.org/10.1007/s12603-018-1058-9
http://dx.doi.org/10.1093/gerona/56.3.M146
http://dx.doi.org/10.1016/j.clnu.2018.05.024
http://dx.doi.org/10.1371/journal.pmed.1000097
http://dx.doi.org/10.1136/jech.52.6.377
http://dx.doi.org/10.1186/s13104-015-1181-1
http://www.ncbi.nlm.nih.gov/pubmed/26048813
http://dx.doi.org/10.1080/19390211.2018.1454568
http://www.ncbi.nlm.nih.gov/pubmed/29672184
http://dx.doi.org/10.3945/jn.115.218297
http://dx.doi.org/10.1007/s12603-016-0856-1
http://www.ncbi.nlm.nih.gov/pubmed/29188875
http://dx.doi.org/10.1093/gerona/gls167
http://www.ncbi.nlm.nih.gov/pubmed/22879453
http://dx.doi.org/10.1016/j.jamda.2015.05.021
http://dx.doi.org/10.1111/ggi.13499
http://dx.doi.org/10.1371/journal.pone.0141757

Nutrients 2020, 12, 2820 19 of 21

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Kirk, B.; Mooney, K.; Cousins, R.; Angell, P; Jackson, M.; Pugh, ].N.; Coyles, G.; Amirabdollahian, F,;
Khaiyat, O. Effects of exercise and whey protein on muscle mass, fat mass, myoelectrical muscle fatigue and
health-related quality of life in older adults: A secondary analysis of the Liverpool Hope University-Sarcopenia
Ageing Trial (LHU-SAT). Eur. . Appl. Physiol. 2020, 120, 493-503. [CrossRef]

Kirk, B.; Mooney, K.; Amirabdollahian, F; Khaiyat, O. Exercise and Dietary-Protein as a Countermeasure to
Skeletal Muscle Weakness: Liverpool Hope University-Sarcopenia Aging Trial (LHU-SAT). Front. Physiol.
2019, 10, 445. [CrossRef]

Markofski, M.M.; Jennings, K.; Timmerman, K.L.; Dickinson, ].M.; Fry, C.S.; Borack, M.S.; Reidy, P.T,;
Deer, R.R.; Randolph, A.; Rasmussen, B.B.; et al. Effect of Aerobic Exercise Training and Essential Amino Acid
Supplementation for 24 Weeks on Physical Function, Body Composition, and Muscle Metabolism in Healthy,
Independent Older Adults: A Randomized Clinical Trial. J. Gerontol. Biol. Sci. Med. Sci. 2019, 74, 1598-1604.
[CrossRef] [PubMed]

Seino, S.; Sumi, K.; Narita, M.; Yokoyama, Y.; Ashida, K.; Kitamura, A.; Shinkai, S. Effects of Low-Dose
Dairy Protein Plus Micronutrient Supplementation during Resistance Exercise on Muscle Mass and Physical
Performance in Older Adults: A Randomized, Controlled Trial. . Nutr. Health Aging 2018, 22, 59-67.
[CrossRef] [PubMed]

de Carvalho Bastone, A.; Nobre, L.N.; de Souza Moreira, B.; Rosa, L.F,; Ferreira, G.B.; Santos, D.D.;
Monteiro, N.K.; Alves, M.D.; Gandra, R.A.; de Lira, E.M. Independent and combined effect of home-based
progressive resistance training and nutritional supplementation on muscle strength, muscle mass and
physical function in dynapenic older adults with low protein intake: A randomized controlled trial.
Arch. Gerontol. Geriatr. 2020, 89, 104098. [CrossRef] [PubMed]

Bonnefoy, M.; Boutitie, F.; Mercier, C.; Gueyffier, F,; Carre, C.; Guetemme, G.; Ravis, B.; Laville, M.; Cornu, C.
Efficacy of a home-based intervention programme on the physical activity level and functional ability of older
people using domestic services: A randomised study. J. Nutr. Health Aging 2012, 16, 370-377. [CrossRef]
[PubMed]

Englund, D.A; Kirn, D.R.; Koochek, A.; Zhu, H.; Travison, T.G.; Reid, K.F,; von Berens, A.; Melin, M.;
Cederholm, T.; Gustafsson, T.; et al. Nutritional Supplementation With Physical Activity Improves
Muscle Composition in Mobility-Limited Older Adults, The VIVE2 Study: A Randomized, Double-Blind,
Placebo-Controlled Trial. J. Gerontol. Biol. Sci. Med. Sci. 2017, 73, 95-101. [CrossRef] [PubMed]

Fielding, R.A.; Travison, T.G.; Kirn, D.R.; Koochek, A.; Reid, K.F; von Berens, A.; Zhu, H.; Folta, S.C.;
Sacheck, ].M.; Nelson, M.E; et al. Effect of Structured Physical Activity and Nutritional Supplementation on
Physical Function in Mobility-Limited Older Adults: Results from the VIVE2 Randomized Trial. J. Nutr.
Health Aging 2017, 21, 936-942. [CrossRef]

Ikeda, T.; Aizawa, J.; Nagasawa, H.; Gomi, I.; Kugota, H.; Nanjo, K.; Jinno, T.; Masuda, T.; Morita, S. Effects
and feasibility of exercise therapy combined with branched-chain amino acid supplementation on muscle
strengthening in frail and pre-frail elderly people requiring long-term care: A crossover trial. Appl. Physiol.
Nutr. Metab. 2016, 41, 438-445. [CrossRef]

Yamada, M.; Nishiguchi, S.; Fukutani, N.; Aoyama, T.; Arai, H. Mail-Based Intervention for Sarcopenia
Prevention Increased Anabolic Hormone and Skeletal Muscle Mass in Community-Dwelling Japanese Older
Adults: The INE (Intervention by Nutrition and Exercise) Study. J. Am. Med. Dir. Assoc. 2015, 16, 654-660.
[CrossRef]

Bjorkman, M.P,; Suominen, M.H.; Kautiainen, H.; Jyvakorpi, S.K.; Finne-Soveri, H.U.; Strandberg, T.E.;
Pitkala, K.H.; Tilvis, R. Effect of Protein Supplementation on Physical Performance in Older People with
Sarcopenia-A Randomized Controlled Trial. ]. Am. Med. Dir. Assoc. 2020, 21, 226-232. [CrossRef]

Zhu, LY,; Chan, R.; Kwok, T.; Cheng, K.C.; Ha, A.; Woo, J. Effects of exercise and nutrition supplementation
in community-dwelling older Chinese people with sarcopenia: A randomized controlled trial. Age Ageing
2019, 48, 220-228. [CrossRef] [PubMed]

Kim, H.K,; Suzuki, T.; Saito, K.; Yoshida, H.; Kobayashi, H.; Kato, H.; Katayama, M. Effects of exercise and
amino acid supplementation on body composition and physical function in community-dwelling elderly
Japanese sarcopenic women: A randomized controlled trial. J. Am. Geriatr. Soc. 2012, 60, 16-23. [CrossRef]
[PubMed]


http://dx.doi.org/10.1007/s00421-019-04293-5
http://dx.doi.org/10.3389/fphys.2019.00445
http://dx.doi.org/10.1093/gerona/gly109
http://www.ncbi.nlm.nih.gov/pubmed/29750251
http://dx.doi.org/10.1007/s12603-017-0904-5
http://www.ncbi.nlm.nih.gov/pubmed/29300423
http://dx.doi.org/10.1016/j.archger.2020.104098
http://www.ncbi.nlm.nih.gov/pubmed/32446170
http://dx.doi.org/10.1007/s12603-011-0352-6
http://www.ncbi.nlm.nih.gov/pubmed/22499461
http://dx.doi.org/10.1093/gerona/glx141
http://www.ncbi.nlm.nih.gov/pubmed/28977347
http://dx.doi.org/10.1007/s12603-017-0936-x
http://dx.doi.org/10.1139/apnm-2015-0436
http://dx.doi.org/10.1016/j.jamda.2015.02.017
http://dx.doi.org/10.1016/j.jamda.2019.09.006
http://dx.doi.org/10.1093/ageing/afy179
http://www.ncbi.nlm.nih.gov/pubmed/30462162
http://dx.doi.org/10.1111/j.1532-5415.2011.03776.x
http://www.ncbi.nlm.nih.gov/pubmed/22142410

Nutrients 2020, 12, 2820 20 of 21

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

Kemmler, W.; Grimm, A.; Bebenek, M.; Kohl, M.; von Stengel, S. Effects of Combined Whole-Body
Electromyostimulation and Protein Supplementation on Local and Overall Muscle/Fat Distribution in Older
Men with Sarcopenic Obesity: The Randomized Controlled Franconia Sarcopenic Obesity (FranSO) Study.
Calcif. Tissue Int. 2018, 103, 266-277. [CrossRef] [PubMed]

Kemmler, W.; Weissenfels, A.; Teschler, M.; Willert, S.; Bebenek, M.; Shojaa, M.; Kohl, M.; Freiberger, E.;
Sieber, C.; von Stengel, S. Whole-body electromyostimulation and protein supplementation favorably affect
sarcopenic obesity in community-dwelling older men at risk: The randomized controlled FranSO study.
Clin. Interv. Aging 2017, 12, 1503-1513. [CrossRef]

Kim, H.; Kim, M.; Kojima, N.; Fujino, K.; Hosoi, E.; Kobayashi, H.; Somekawa, S.; Niki, Y.; Yamashiro, Y.;
Yoshida, H. Exercise and Nutritional Supplementation on Community-Dwelling Elderly Japanese Women
with Sarcopenic Obesity: A Randomized Controlled Trial. J. Am. Med. Dir. Assoc. 2016, 17, 1011-1019.
[CrossRef]

Bhasin, S.; Apovian, C.M.; Travison, T.G.; Pencina, K.; Moore, L.L.; Huang, G.; Campbell, WW.; Li, Z.;
Howland, A.S.; Chen, R;; et al. Effect of Protein Intake on Lean Body Mass in Functionally Limited Older
Men: A Randomized Clinical Trial. JAMA Intern. Med. 2018, 178, 530-541. [CrossRef]

Visvanathan, R.; Piantadosi, C.; Lange, K.; Naganathan, V.; Hunter, P.; Cameron, 1.D.; Chapman, I
The Randomized Control Trial of the Effects of Testosterone and a Nutritional Supplement on Hospital
Admissions in Undernourished, Community Dwelling, Older People. J. Nutr. Health Aging 2016, 20, 769-779.
[CrossRef]

Deer, R.R; Dickinson, J.M.; Baillargeon, J.; Fisher, S.R.; Raji, M.; Volpi, E. A Phase I Randomized Clinical
Trial of Evidence-Based, Pragmatic Interventions to Improve Functional Recovery after Hospitalization in
Geriatric Patients. J. Gerontol. Biol. Sci. Med. Sci. 2019, 74, 1628-1636. [CrossRef]

Romera-Liebana, L.; Orfila, F.; Segura, ].M.; Real, J.; Fabra, M.L.; Moller, M.; Lancho, S.; Ramirez, A.; Marti, N.;
Cullell, M.; et al. Effects of a Primary Care-Based Multifactorial Intervention on Physical and Cognitive
Function in Frail, Elderly Individuals: A Randomized Controlled Trial. J. Gerontol. Biol. Sci. Med. Sci.
2018, 73, 1668-1674. [CrossRef]

Ng, T.P; Feng, L.; Nyunt, M.S.; Feng, L.; Niti, M.; Tan, B.Y.; Chan, G.; Khoo, S.A.; Chan, S.M.; Yap, P; et al.
Nutritional, Physical, Cognitive, and Combination Interventions and Frailty Reversal Among Older Adults:
A Randomized Controlled Trial. Am. J. Med. 2015, 128, 1225-1236. [CrossRef]

Cawood, A.L,; Elia, M.; Stratton, R.J. Systematic review and meta-analysis of the effects of high protein oral
nutritional supplements. Ageing Res. Rev. 2012, 11, 278-296. [CrossRef]

World Health Organization. Physical Activity and Older Adults. Available online: https://www.who.int/
dietphysicalactivity/factsheet_olderadults/en/ (accessed on 18 August 2020).

Taylor, D. Physical activity is medicine for older adults. Postgrad. Med. ]. 2014, 90, 26-32. [CrossRef]
[PubMed]

Negm, A.M.; Kennedy, C.C.; Thabane, L.; Veroniki, A.A.; Adachi, J.D.; Richardson, J.; Cameron, LD.;
Giangregorio, A.; Petropoulou, M.; Alsaad, S.M.; et al. Management of Frailty: A Systematic Review and
Network Meta-analysis of Randomized Controlled Trials. J. Am. Med. Dir. Assoc. 2019, 20, 1190-1198.
[CrossRef] [PubMed]

Ten Haaf, D.S.M.; Nuijten, M.A.H.; Maessen, M.EH.; Horstman, A.M.H.; Eijsvogels, TM.H.; Hopman, M.T.E.
Effects of protein supplementation on lean body mass, muscle strength, and physical performance in nonfrail
community-dwelling older adults: A systematic review and meta-analysis. Am. |. Clin. Nutr. 2018, 108, 1043-1059.
[CrossRef]

De Spiegeleer, A.; Beckwee, D.; Bautmans, I.; Petrovic, M. Sarcopenia Guidelines Development group of the
Belgian Society of G., Geriatrics. Pharmacological Interventions to Improve Muscle Mass, Muscle Strength
and Physical Performance in Older People: An Umbrella Review of Systematic Reviews and Meta-analyses.
Drugs Aging 2018, 35, 719-734. [CrossRef] [PubMed]

Borst, S.E.; Mulligan, T. Testosterone replacement therapy for older men. Clin. Interv. Aging 2007, 2, 561-566.
[CrossRef]

Beck, A.M.; Damkjaer, K.; Beyer, N. Multifaceted nutritional intervention among nursing-home residents has
a positive influence on nutrition and function. Nutrition 2008, 24, 1073-1080. [CrossRef]


http://dx.doi.org/10.1007/s00223-018-0424-2
http://www.ncbi.nlm.nih.gov/pubmed/29675640
http://dx.doi.org/10.2147/CIA.S137987
http://dx.doi.org/10.1016/j.jamda.2016.06.016
http://dx.doi.org/10.1001/jamainternmed.2018.0008
http://dx.doi.org/10.1007/s12603-016-0689-y
http://dx.doi.org/10.1093/gerona/glz084
http://dx.doi.org/10.1093/gerona/glx259
http://dx.doi.org/10.1016/j.amjmed.2015.06.017
http://dx.doi.org/10.1016/j.arr.2011.12.008
https://www.who.int/dietphysicalactivity/factsheet_olderadults/en/
https://www.who.int/dietphysicalactivity/factsheet_olderadults/en/
http://dx.doi.org/10.1136/postgradmedj-2012-131366
http://www.ncbi.nlm.nih.gov/pubmed/24255119
http://dx.doi.org/10.1016/j.jamda.2019.08.009
http://www.ncbi.nlm.nih.gov/pubmed/31564464
http://dx.doi.org/10.1093/ajcn/nqy192
http://dx.doi.org/10.1007/s40266-018-0566-y
http://www.ncbi.nlm.nih.gov/pubmed/30047068
http://dx.doi.org/10.2147/CIA.S1609
http://dx.doi.org/10.1016/j.nut.2008.05.007

Nutrients 2020, 12, 2820 21 of 21

60. Beck, A.M.; Christensen, A.G.; Hansen, B.S.; Damsbo-Svendsen, S.; Moller, T.K. Multidisciplinary nutritional
support for undernutrition in nursing home and home-care: A cluster randomized controlled trial. Nutrition
2016, 32, 199-205. [CrossRef]

61. Vellas, B.; Guigoz, Y.; Garry, PJ.; Nourhashemi, F; Bennahum, D.; Lauque, S.; Albarede, J.L. The Mini
Nutritional Assessment (MNA) and its use in grading the nutritional state of elderly patients. Nutrition
1999, 15, 116-122. [CrossRef]

62. Cederholm, T.; Jensen, G.L.; Correia, M.; Gonzalez, M.C.; Fukushima, R.; Higashiguchi, T.; Baptista, G.;
Barazzoni, R.; Blaauw, R.; Coats, A.].; et al. GLIM criteria for the diagnosis of malnutrition—A consensus
report from the global clinical nutrition community. Clin. Nutr. 2019, 38, 207-217. [CrossRef]

@ © 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http://creativecommons.org/licenses/by/4.0/).



http://dx.doi.org/10.1016/j.nut.2015.08.009
http://dx.doi.org/10.1016/S0899-9007(98)00171-3
http://dx.doi.org/10.1016/j.clnu.2018.08.002
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Study Eligibility Criteria 
	Study Identification 
	Study Selection 
	Data Collection and Study Quality 

	Results 
	Study Selection 
	Study Characteristics 
	Risk of Bias within Studies 
	Main Findings 
	Unimodal Nutritional Interventions 
	Combined Nutritional and Physical Activity/Exercise Interventions 
	Combined Nutritional and Testosterone Therapy Interventions 
	Multimodal Interventions (>2 Interventions) 


	Discussion 
	Conclusions 
	References

