Systematic Review

Effects of Probiotics, Prebiotics, and Synbiotics on Sarcopenia
Parameters in Older Adults: A Systematic Review and
Meta-Analysis of Randomized Controlled Trials

Maria Besora-Moreno', Elisabet Llauradé '**, Rosa M. Valls'*, Anna Pedret’, Rosa Sola'??

'Universitat Rovira i Virgili, Facultat de Medicina i Ciéncies de la Salut, Departament de Medicina i Cirurgia, Functional Nutrition,
Oxidation, and Cardiovascular Diseases Group, 43201 Reus, Spain; 2Institut Investigacié Sanitaria Pere i Virgili, 43204 Reus, Spain;
3Hospital Universitari Sant Joan de Reus, 43204 Reus, Spain

*Corresponding author: Elisabet Llaurado, Functional Nutrition, Oxidation, and Cardiovascular Diseases Group, Facultat de Medicina i
Ciencies de la Salut, Universitat Rovira i Virgili, C/Sant Lloreng 21, 43201, Reus, Spain (elisabet.llaurado@urv.cat); Rosa M. Valls, Functional
Nutrition, Oxidation, and Cardiovascular Diseases Group, Facultat de Medicina i Ciencies de la Salut, Universitat Rovira i Virgili, C/Sant
Lloreng 21, 43201, Reus, Spain (rosamaria.valls@urv.cat).

Context: There is scarce evidence about which probiotic, prebiotic, or synbiotic
supplementation is the most appropriate to improve sarcopenia parameters, and
this presents a challenge. Objective: The effects of consumption of probiotics, pre-
biotics, and synbiotics on sarcopenia, muscle strength, muscle mass, and physical
performance and function were assessed in this study. In addition, another aim of
the study was to determine the best probiotic, prebiotic, and/or synbiotic for the
management of sarcopenia in older adults. Data Sources: A systematic search
was conducted in the MEDLINE/PubMed, Cochrane Library, SCOPUS databases,
and other sources (eg, references obtained from articles identified in databases).
Data Extraction: The search was limited from 2000 to 2023 and was based on
sarcopenia parameters, and probiotics, prebiotics, or synbiotics supplementation.
The quality of each included study also was assessed. Data Analysis: A meta-
analysis was performed with the Review Manager program and publication bias
and sensitivity analysis were performed. Results: Eight randomized controlled trials
(RCTs) were included in the systematic review and 4 in the meta-analysis. Results
showed that probiotics supplementation improved muscle strength and physical
performance and function and suggested a beneficial effect on muscle mass.
Prebiotics are suggested to be effective on muscle strength. The meta-analysis also
determined that probiotic interventions were effective in increasing muscle strength
by handgrip strength (mean difference [MD], 2.50kg [95% CI, 1.33-3.66];
P <.0001) and physical performance and function by gait speed (MD, 0.10 m/s
[95% Cl, 1.33-3.66]; P <.0001) and physical performance and function by gait
speed (MD, 0.10m/s [95%Cl, 0.03-0.16]; P =.003), but when sensitivity analysis
was dpplied, the effectiveness was only maintained for gait speed. Conclusion:
Nutritional strategies based on probiotic supplementation seem to improve muscle
strength and physical function. More robust research is needed with high-quality
RCTs to confirm probiotics’ effects. There is still limited evidence about prebiotic
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and synbiotic strategies, and more evidence is needed to elucidate their effects on

sarcopenia parameters.

Systematic Review Registration: PROSPERO registration no. CRD42022360514.
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INTRODUCTION

Sarcopenia is a multifactorial, progressive, and general-
ized musculoskeletal disorder related to the aging proc-
ess."”” The European Working Group on Sarcopenia in
Older People (EWGSOP2) in 2019 defined sarcopenia
as low muscle strength, low muscle quantity or quality,
and low physical performance." Probable sarcopenia is
considered with low muscle strength." The diagnosis of
sarcopenia is confirmed with low muscle strength and
low muscle quantity or quality." Sarcopenia is catego-
rized as severe when the 3 sarcopenia parameters are
identified." There are different classifications and cutoff
points of sarcopenia parameters; thus, the global preva-
lence of sarcopenia ranges from 10% to 27% in people
aged >60years.” In 2016, the prevalence of sarcopenia
among adults older than 65 years in Europe was around
11.1%-20.2% and is projected to increase to 12.9%-
22.3% in 2045.* The World Health Organization defines
older adults as people aged >60years’; however, leg
muscle mass and strength decrease by 1%-2% and 1.5%-
5% per year, respectively, starting at the age of 40
years.”” Additionally, sarcopenia negatively affects
health by increasing the risk of fractures,’ falls,"* and
death"”'’; enhancing other comorbidities; and increas-
ing hospitalizations’ and health care costs,”'" all of
which are associated with a loss of independence.’

The gut microbiota seems to have some relation-
ship with the onset of sarcopenia in older adults. The
diversity and composition of microbiota of older indi-
viduals are reduced; there are fewer beneficial bacteria
and an increase of harmful and opportunistic bacte-
ria.'>'* This gut microbiota dysregulation is called dys-
biosis and is associated with increased intestinal
permeability, which, consequently, facilitates the entry
of endotoxins and other microbial products into the cir-
culation that promote and inflammatory condition and
changes in skeletal muscle mass."* Additionally, related
to dysbiosis, there is a reduction of short-chain fatty
acid (SCFA) producers that is related to aging-
associated diseases.' In this context, dysbiosis is associ-
ated with low muscle mass and low physical perform-
ance and function." So, the microbiota could be related
to sarcopenia pathogenesis,'® probably via the gut-
muscle axis by the regulation of inflammation, reactive
oxygen species production, and mitochondrial function
in muscle.'®
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Different strategies can modify the microbiota
composition, such as nutritional interventions and the
supplementation of SCFAs, probiotics, prebiotics, and
synbiotics."®!” Nutritional interventions based on a diet
rich in fruits and vegetables, high protein intake (in par-
ticular, leucine), correct hydration, and physical exercise
were the best strategies to improve sarcopenia. 18
Additionally, a diet rich in protein or protein supple-
mentation improved appendicular skeletal muscle mass
index (ASMI). Also, in the early elderly population
(<75vyears old), protein supplementation enriched with
leucine and vitamin D increased ASMI and gait speed
(GS)."”

Probiotics, prebiotics, and synbiotics act directly on
the gut microbiota, providing live microorganisms and/
or substrates used selectively by the host’s microorgan-
isms, generating health benefits.”*>* It
unknown which nutritional strategies, such as probiotic,
prebiotic, and synbiotic supplementation, are the most
appropriate to improve sarcopenia parameters. Thus,
the present systematic review and meta-analysis were
conducted to address this gap in the literature consider-
ing probiotic, prebiotic, and synbiotic supplementation
as a novel nutritional strategy for the prevention and
treatment of sarcopenia.

The main objective of the present systematic review
and meta-analysis of randomized controlled trials
(RCTs) was to assess the effects of probiotic, prebiotic,

remains

and synbiotic consumption on sarcopenia, muscle
strength, muscle mass, and physical performance and
function by the gut-muscle axis. Also, we wanted to
determine which is the best probiotic, prebiotic, and/or
synbiotic for the management of sarcopenia in older
adults (ie, >60 years old).

METHODS

A systematic review and meta-analysis of RCTs about
probiotic, prebiotic, and synbiotic consumption and
their effects on sarcopenia were performed in accord-
ance with the Preferred Reporting Items for Systematic
Reviews and Meta-Analysis. > The review was regis-
tered in the PROSPERO International Prospective
Register of Systematic Reviews (CRD42022360514).
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Search Strategy

A systematic search was conducted of electronic data-
bases (MEDLINE/PubMed, Cochrane Library, and
SCOPUS) and other sources (ie, references from articles
included in this review). The search strategies were
based on the following keywords: probiotic, prebiotic,
synbiotic, sarcopenia, muscle strength, muscle mass,
physical performance, physical function, frailty, gut-
muscle axis, elderly, older adults, and geriatrics; and
limited to publication from 2000 to 2023, in the English
language, and human studies. The search was started
with publication in 2000 because no articles were identi-
fied before 2000 in any database based on the search
strategy we defined. The full search strategies are listed
in Table SI.

Eligibility Criteria

The inclusion criteria for articles were the following: (1)
RCTs; (2) including a population >60years old; (3)
about probiotic, prebiotic, and synbiotic consumption
and their effects on sarcopenia, sarcopenia parameters
(namely, muscle strength, muscle mass, and physical
performance and function) assessed with any assess-
ment tool according to the different sarcopenia consen-
sus and diagnostic criteria; (4) published in English; and
(5) published from 2000 to 2023.

Articles reporting on studies that included a popu-
lation with skeletal muscle disorders (eg, osteoporosis,
fibromyalgia, rheumatoid arthritis) or populations with
cancer in bone or muscle mass, and studies that did not
meet all the aforementioned inclusion criteria were
excluded. The RCTs were defined according to the
Population, Intervention, Comparison, Outcomes, and
Study (PICOS) criteria (Table 1).

Diagnostic Criteria for Sarcopenia

According to the revised European consensus
EWGSOP2, the sarcopenia cutoff points for the diagno-
sis were as follows: (1) muscle strength based on a grip
strength <27 kg for men, <16 kg for women; (2) muscle
quantity or quality based on appendicular skeletal
muscle mass <20 kg for men, <15 kg for women; ASMI

Table 1. PICOS Criteria for Inclusion of Studies

Adults aged >60 y
Consumption of probiotics, prebiotics, and
synbiotics

Population
Intervention

Comparison Placebo consumption or no consumption
of probiotics, prebiotics, and synbiotics
Outcomes Sarcopenia, muscle strength, muscle mass,
and physical performance or function
Study type Randomized controlled trials
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<7.0kg/m* for men, <5.5kg/m”> for women; and (3)
physical performance based on GS <0.8 m/s, or Short
Physical Performance Battery score <8 points, and
either 3-m timed up-and-go test (TUG) >20 seconds or
400-m walk test >6 min or noncompletion." The grip
strength measured with a calibrated handheld dyna-
mometer is the gold standard for assessing muscle
strength, and magnetic resonance imaging and com-
puted tomography are gold standard assessment tools
for muscle mass." However, bioimpedance analysis is
the most used tool in clinical practice. Finally, GS,
short physical performance battery (SPPB), 3 m-TUG,
and 400-m walk test are the most used tools to assess
physical performance and function, according to the
EWGSOP2.!

Study Selection and Data Extraction

The study selection was carried out using the Covidence
web-based software platform to produce systematic
reviews to facilitate the study selection process (Veritas
Health Innovation, Melbourne, Australia; www.covi-
dence.org). First, title and abstract screening was done
based on the eligibility criteria. Second, the full texts of
those studies accepted were assessed. Finally, the RCTs
that met all the screening criteria were included for data
extraction and quality assessment. Data extraction was
performed by 2 researchers (M.B.-M. and E.L.) and any
disagreement or discrepancies were resolved through
discussion with other authors (R-M.V. and A.P). If any
necessary information was missing, the article’s authors
were contacted to request it.

In the data extraction process, information on the
following variables was collected: author names; title;
year of publication; type of study; country; number of
participants; age and sex of participants; duration of the
intervention; probiotics, prebiotics, and synbiotics
(product description); dose of probiotics, prebiotics,
and synbiotics; sarcopenia, muscle strength, muscle
mass, and physical performance and function assess-
ment; effects on sarcopenia of consumption of probiot-
ics, prebiotics, and synbiotics; and risk of bias of the
included studies.

Quality Assessment by Risk of Bias in Individual
Studies

The quality of each included study was assessed using
the Cochrane risk-of-bias tool for RCTs (RoB2).>*
According to the RoB2, based on 5 domains, the risk-
of-bias classification was as follows: (1) low risk of bias
(low risk of bias for all domains); (2) some concerns
(some concerns in at least 1 domain without high risk
of bias for any domain); and (3) high risk of bias (high
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risk of bias in at least 1 domain or some concerns about
multiple domains). Two authors evaluated the risk of
bias in each RCT (M.B.-M. and E.L.), and any disagree-
ment between these authors regarding the risk of bias in
a study was resolved through discussion with the other
authors.

Data Synthesis and Statistical Analysis

Statistical analyses were performed using Review
Manager (RevMan; version 5.4; The Cochrane
Collaboration).

In the systematic review, the RCTs results are
reported as mean and SD, mean and SEM, median and
IQR, or mean difference (MD) and the 95% CI to ena-
ble comparison among the studies included. To assess
the change in RCTs, it was preferable to have the MD
and 95% CI values whenever possible; otherwise, they
were calculated with RevMan if all the necessary data
were available.

For the meta-analysis, the effect size was repre-
sented by MD and the 95% CI from continuous out-
comes and risk ratios (RRs) for dichotomous outcomes.
The meta-analysis inclusion criteria were (1) RCTs
about the same sarcopenia variable; (2) using the same
tool to assess each sarcopenia variable; (3) with the
complete information about the outcome with means
and SD or the change of the sarcopenia variables from
baseline to the end of the intervention; and (4) only
those sarcopenia variables for which at least 3 articles
met the inclusion criteria. To include a study in the
meta-analysis, the article needed to report the mean and
SD of the sarcopenia parameters analyzed or the change
of the sarcopenia parameter from baseline to the end of
the intervention.

Additionally, the heterogeneity was evaluated using
the I* statistic. When the heterogeneity was 0% (no
heterogeneity) the results were analyzed with the fixed-
effects method, although the results using the random-
effects method were the same.”” In case of high
heterogeneity (>75%), the results were analyzed with
the random-effects method as long as the results of
smaller studies were not systematically different from
the results of larger ones.”” A random-effects method
would aggravate the effects of bias, whereas a fixed-
effects method would be less affected, although it would
not be entirely appropriate.”® If any information results
were missing, the authors of the publication were asked
to provide them, and if they did not answer, the MD
and the 95% CI were calculated whenever possible
based on the mean = SD or mean + SEM of baseline
and end of intervention data. Additionally, sensitivity
analyses were performed excluding higher-weight
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studies and studies with high risk of bias. A P value
<0.05 was considered statistically significant.

The publication bias of the meta-analysis was
assessed by funnel plot*® and Egger’s test,”” using SPSS
Statistics for Windows, version 29.0.1.0 (IBM Corp.,
Armonk, NY). There is no publication bias when the
funnel plot is symmetric; however, when the funnel plot
is asymmetric, there is a publication bias.*® Also, when
Egger’s test is statistically significant, publication bias is
detected.”” An Egger’s test with a P value <0.10 is con-
sidered statistically significant.”’”

RESULTS

A total of 170 RCTs were identified from electronic
databases. Of these, 58 duplicate RCTs were removed
before screening and 100 were excluded according to
the inclusion and exclusion criteria based on review of
titles and abstracts. The full texts of the remaining 12
RTCs were assessed and 6 of them were excluded for
the following reasons: different outcomes (n=3)%"3,
different intervention (n=1)"', different population
(n=1)*, and different study design (n=1)> than
detailed in the inclusion and exclusion criteria of the
present systematic review. Despite the aforementioned
age-related inclusion and exclusion criteria, 3 RCTs that
had as inclusion criteria people aged >55 years > or
>58years™® were included in the present systematic
review because all the volunteers included were
>60 years old. In addition, 2 RCT's were identified from
other sources.”®*” Finally, 8 articles were included in
the systematic review,”>>*"*' of which 4 were
included in the meta-analysis (Figure 1).>*>%>7#!

Characteristics of the Studies Included in the
Systematic Review

All 8 studies included were RCTs***! (Tables 2***! and
334374041y (Table $2°*7°****!). The study population
was women and men in 6 studies’**>*"** and only
men in 2 studies;’®*' all participants were aged
>60vyears. The sample size of the included studies
ranged from 18 to 396 participants.”® Of the total of 8
RCTs, 2 were carried out in Spain,””** 2 in
Pakistan®®*', and 1 each from Brazil,”® Taiwan,™
Italy,” and China.”® Supplementation was with probiot-
ics in 6 studies,”**®*! prebiotics in 1 study,*” and syn-
biotics in 1 study.”” In addition, the intervention
duration ranged from 8 weeks”” to 24 weeks® in the dif-
ferent studies. All the studies used a placebo product as
a control. Related to sarcopenia assessment, 8 studies
assessed muscle strength,”*™*' 5 studies assessed muscle
mass,”* >****! and 6 studies assessed physical perform-
ance and function®>7*>*! (Figure S1).
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*Consider, if feasible to do so, reporting the number of records identified from each database or register searched (rather than the total number across all databases/registers).
**If automation tools were used, indicate how many records were excluded by a human and how many were excluded by automation tools.

From: Page MJ, McKenzie JE, Bossuyt PM, Boutron |, Hoffmann TC, Mulrow CD, et al. The PRISMA 2020 statement: an updated guideline for reporting systematic reviews. BMJ 2021;372:n71.

doi: 10.1136/bm;j.n71. For more information, visit: http://www.prisma-statement.org/

Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analysis Flow Diagram of the Studies Included in the Systematic

Review and Meta-Analysis®’
Sarcopenia Variables Assessment

Muscle strength was assessed with a handgrip dyna-
mometer in all 8 studies.’*™*' In 3 studies in which
muscle mass was assessed, researchers used bioelectrical
impedance analysis,”>***' and 2 studies used dual-
energy X-ray absorptiometry.”*** Physical performance
and function were assessed with the following tools: GS
and SPPB in 2 articles®®*!; 3m-TUG, 10-m walk test,
and 30-second chair-stand test (30 s-CST) in 1 article®®;
3m-TUG, and GS in 1 article’’; time to walk 4.6 m*® in
1 article; and the Tinetti scale and SPPB in 1 article.”

Quality of the Studies in the Systematic Review

The quality of the 8 RCTs included in the systematic
review according to the RoB2** is shown in Figure 2.>*™*'
One article reported on a study that had a high risk of bias
in domain 3 (missing outcome data),” and 2 reported on
RCTs that had a high risk of bias in domains 2 (deviations
from intended interventions) and 3.>**° Furthermore, 4
RCTs had a low risk of bias,*****! and 1 had some con-

.39
cerns for bias.

Nutrition Reviews® Vol. 83(7):e1693-e1708

Probiotic, Prebiotic, and Synbiotic Supplementation

Effects on Muscle Strength. The 8 RCTs assessed muscle
strength (Table2).***' Focusing on probiotics supple-
mentation and based on the MD (95% CI) and P for
group X time, 3 RCTs had statistically significant results
favoring the probiotic intervention group compared
with the placebo group.”>>***! Two articles reporting on
RCTs involving probiotics®**” did not show signifi-
cance. And 1 article reporting on an RCT about probi-
otic supplementation did not report results between
groups.”® Additionally, 1 RCT on prebiotic supplemen-
tation*” and another on synbiotic supplementation®”
did not show significance, based on the MD with 95%
CI and P for group X time.

One of the effective interventions was studied in a 16-
week, 2-arm RCT. Participants took either 1 capsule/d of
Vivomixx (Vivomix food supplements, UAE) probiotic
based on 112 billion live bacteria (Streptococcus thermophi-
Ius DSM 24731; Bifidobacterium longum DSM 24736; B.
breve DSM 24732, DSM 24737; Lactobacillus DSM 24735,
DSM 24730, DSM 24733; L. delbrueckii subsp. bulgaricus
DSM 24734) or 1 capsule/d of placebo with inactive agents
(not reported).*' The RCT results showed that, compared

e1697



(panunuod)

awn x dnoib 10j 68" = 4

Ll =U'S0TF79'0Z Ol

LL=U'LTTF9L0TOI

y(wnipyupd -7 pue

‘snoupbing -dsqns 11ydaniqjap 1
‘snjiydopidp 7 ‘taspapiod 7
‘spupyul “g ‘winbuoj °g ‘araiq

(60°6 03 68°£-) 09°0 (1D %S6) AW 8l = U!S0T F ¥T07 9D 8L =U'STTF 8607 DD ,P/PAN]Ip SIdYdes 7 (apIxoIp uodi|is pue wnuajopqoplylg ‘snjiydoway) °s ureds
SOH 5S9H AMZL  soijew) spuabe anndeu| ‘2WOIGSIA 10 XXILIOAIA) J10! 13 7'L9< MW 2414’80 ,¢(6107) e 39 uewoy
awn x dnoib 1oy v8' = ¢ 6=U'E'SFOLSL DI 6= (51| g pue
(92°S 03 97°9-) 09°0~ (1D %S56) AW 8= U!6E FOTLL DD 8=U!TF 0659 P/3s0p L 'snjiydopip 7 ‘snsoubys -1 zeig
SOH oSOH SOH ML "Xapoyjely "12502010d 7 'S04) FHOIGUAS 8L SL-09'M/W  Dd“1d’'Ld ‘80 "y &:(€107) ‘2 33 033N
ogase(d
Yum pasedwod sanjea swiy
X dnoub 104 4 pue (1 %56) AW ON
(50* > d) dnoub ogade|d INOI IN I
ay1 yum pasedwod dnoib $37 IN 92 IN 92 \p/sbuinias ¢ 597 Buiureuod pawiws eulyd
urow §-g Je Jaybiy Apuesyubis oSOH oSOH AM bZ AW pawws anoiqoid 96¢ 09< ‘M/W Jd‘1d‘9a 'y (9107) ‘239 197
awn X dnoib 1o)€' = ¢
(£€'8 01 £5°€-) 0T (1D %S6) AW
pH-OLYML SA T-0LMML
awn X dnoib 10j 6¢° = d
(#S'8 01 ¥E'€-) 09°T (1D %S6) AW
pH-OLMML SA 0g33e|d
swn x dnoib 10j 16" = ¢
(8°S 81'5-) 0Z°0 (1D %S6) AW
p I"OLMML SA 0qade|d €1 = UT9F 0907 (H-OLYML) DI €L =U:SF0£8L (H-OLIML) OI
(20" =d) paseanut pjoj-¢1°L TL=U'SEF 0561 (1-0LML) OI TL=UugSF 096l (1-0LYML) OI
M 8L sA suljaseq H-0LMML LL=U''SFO09LL DD LL=U'1"9F06'LL DD sP/sa|nsdes ¢ ‘NP> uemie|
puey 3o yqPUBY ¥ yqPURY B3 AMgL  skoniw pue xapolely 5(0LIML wnipupjd -7) dnoiqoid SS 58-SS ‘MW Jd “1d ‘9a 4 +e(1707) ‘212 997
awn X dnoub 1oy L0* = d [V =U!EEFO0SETOI Ly =U'6TF LLOTOI Jp/ansdes | ,(egOIVR] pUE ‘BLIRIRAOPYIQ ueisped
(20v “25°0) LT'T (1D %S6) AW €S =UTEFSTLTOD €S =UTEF60LTDD AMoL oSwabe aAndeu|  “snjiydousiay) *s XXIWOAIA) J10lqoId oL €L-€9'W Jd “1d '8a ¥ 1,(2207) ‘e 19 wiliey
ogase|d NAS/3dd/O¥d
3sop ‘uoy; 19 sjuedpiied  (K) abe xas Anuno>
o(6%) SOH u1 abuey> ,(63) SOH pu3 4(6) SOH auijaseg J0 uoneing uonejuawsalddns jo adAL jo-oujejo]  juedpnieq ‘ubisap Apms Jeak Loyiny

yabuang PSNI\ pue ‘uoneluswalddng d10IqUAS pue 10Igald “I1I0IG0Id UO Paseg SUOIUSAIRIU| JO S[eli] P3J|04U0D) PIZIWOpURY U0 SIDIUY PapN|du| Woi4 SofsUaeIey) *Z 3jqel

e1693-e1708

Nutrition Reviews® Vol. 83(7)

1698



"UBWIOM ‘M ‘0 LML winipupjd 7 350p-Mmo| “J-0 LML ‘0 LML wnipupjd -7 3sop-ybiy ‘H-0 LML D10IqUAS ‘NAS ‘paziiopuel ‘Y ‘Apnis jojid ‘14 O1oiqoid ‘Oyd Dnoiqaid ‘3yd ‘a)jesed “1d ‘pajjo1uod ogaded ‘4 ‘uoneurioju
UB3W ‘g {ULIX9POI[BL “XIPOI[BU ‘USW ‘I RI0IIYS /aspd snjj1pqo1anT ‘537 ‘dnosb uonuasasaiul ‘o) ‘ybuans dubpuey ‘SOH ‘sapleyesobij001dnyy ‘S04 ‘[aA3] Aijiely “14 pullq 3jgnop ‘gq ‘dnoib [013u0d ‘D) ‘BS0|N|[3D “[N||3 SUOIDINGIGQY

ou ‘IN ‘auljeasK1onIw “sK120.01U DU,

*plog ul si synsas Juediiubis Ajjednsiiels ayl Jo anjea 4 ayl ‘abueyd ay) uj (0" > 4) dnoib uonuaaIalul pue dnolb 013u0d Y3 uIIMIA JuedyIubis Ajjed:

*(S0" > d) UONUIAIDUI JO PUD PUR UI[3se] UdaMIaq JuedlIubis Ajfe:

*(Bw g8y winwiuiw) S04 pue (bw /€€ wnwiuiw) uinui pauteiuod (6 7) uoods yoe3,

“Jewnoy Japmod ul €75 12sp2040d -7 101q01d (6 §°7) duidna) ‘(|esauab ul €-eHWI0 9688'G PUB ‘PIJR JIOUILXIYLSOI0P %L H"6T ‘PIdR dloudeiuadesodld 9L/ y9 bunsisuod ‘6w 0os) poe A1ey £-e6awo pauleiuod buinias auQ,

"(0££¥T WSQ wrupupid 7 pue ‘v€/7 WSA Snaupbing “dsqns 12aniqpap 1 'S€24T WSA snjydopip 7 's€2y7 WSA 1as09040d 7 *£€7¥T WS SHUDSUI *g *9€ 2T WSA winbuoj °g ‘7647 WSQ 2421 °g ‘LELYT WSA Sjiydowuays 5) eLsideq ani| uoljjig 05y pauteluod (6 ') 19yoes yoes,
SID] °g N4D (OL-g0L PUB ‘SIIYAOpIID T N4D (OL-g0L ‘SNSOUWDYI T (4D (OL-g0L 12s030i0d T N4D (0L-40L ‘S04 0 6.9 pauleIuod asop ye3,

"RJ0AIYS /3502 T N4 (0L X 9 JO WNWILI © PAUIRIUOD Y1 PaWLpis Jo Buiasds ydes,

“puey 1ybu ay1 oy synsas Juedyiubis oN,,
“(H-OLMML) N4D 4,01 X €40 (T-OLYML) N4D (,0L X L JOYU3 Paureiuod oML wnipaupid 7o 3|nsded yoeds
“(v€LYT WSQ Snoupbing dsans 1npaniqjap 7 ‘€€L¥T NSA ‘0€LYT WSQA 'SELYT INSA SN[PPqoIdDT “LELKT WSA TELYT NS 24249 °g *9€L¥T WSQ Winbuoj winia1npqopyig 1LELyT WSQ Snjiydouay) sn001dalis) eud1deq SAI| UOI|IG ZLL PaUleIod djnsded yoeg,

‘pauodai 10N,
“siaydaeasal Ag parejndled (1D %S6) AW,
‘W3S F uesi\,
‘Pa1edIPU SS3JUN S F UBIW 3Je SANep,

'plo sieak 09 < 219M SI93)UN|OA PapNPuUl [[e ‘9be uoisnppul ay1 audsaq,

*J219WOURUAD B L1IM P31ONPUOI SeM JUIWISSasse ejuadodies ey ydes u|

awn x dnoib 10} L00* > d Yb = U'95°€ F8L'ST Ol Yr=U'8L'E FLL'ETOI

(LLy'6T1) €0°€ (1D %S6) AW 8y = U8L'T F 607 D 8y = U!/8TF SYTT DD ,p/aInsdes | J(pegOIDE| PUE ‘elIa1R]OP uelsbed
SOH oSOH oSOH meL oSIuabe aAdeuU|  ‘snjiydoutiay S ‘XXIWOAIA) d1OIGOId 80L €485 W 0d“1d ‘90 Y ¢(2207) ‘|2 32 wuey
awn x dnoib 1oy |/ =4 87 = U!S'€ ¥ 086 DI 87 =U!9L F0LOLOI
(€0°S 01 €5°€-) 08°0 (1D %S56) AW C=UiLEFO0L69D 77 =U'8'S F070L D
pPuey Y2 qPURY 127 qPuRY a7
awn X dnoib 1oy /1" = 8T =U! 4TEFOVTLOl 87 = UT'8 ¥ 09°0L Ol
(6t°2 01 62°L-) OL'€ (1D %S56) AW T =U!l'y F0T0L DD W=UILSFOSLLDD wP/uoods [9A3] | (S04 pue uinuy ureds
pPuRY By qPueY 161y qPueY 161y M gL "Xapoyjely ‘a1 24e20WIR() J1OIGRId 09 SO IM/IN 2d1d‘90Y  ,(9107) ‘|e 13 sanbing

_mr_O_um_ur_mE wodal

«9TY ‘0v'T] €€7€ 1D %S6] AW DI

Auanoe jedisfyd pue jeuonuinu

awn X dnoib 10j §0° > d [z10 p/Buinias | ~+ €75d 2spovipd 7 snoiqoid Aley (€200
(6€'S '8£°7) 601 (1D %S6) AW 01 €9'1-19£°0- [1D %S6] AW D Mg ,0932e|d 1i0[ed0s| ‘aupna| ‘poe Aey g-ebawQ 09 £55< "W Dd “1d ‘80 ¥ ‘e 39 ||j2uepuoy
ogase|d NAS/34d/0Ydd
3sop ‘uor; 1l sjuedppied  (K) abe xas Anunod>
..Bé SOH ul abuey> ,(63) SOH pu3 ,_Amv: SDH auljeseg Jo uoneing uonejuawsa|ddns jo ad£) jo-oujejo]  juedpnieqd ‘ubisap Apnis aeaf Loyany

panupuo) ‘g a|qeL

1699

e1693-e1708

Nutrition Reviews® Vol. 83(7)



(panunuod)

awn X dnoib 10j o€ = 4
(€70 01 £1°0-) S1°0 (1D %S6) AW
o(5/W) 59

9L =U0L0FZLILOI
8L =U900 F $6'0 9D
(5/w) 59

9L = U500 ¥ 060 OI
8L=N:00 88090
(5/w) 59

y(wnipjupyd 7
pue ‘snoupbing “dsqns yaniqap 1

awn x dnoib 1oy 61° = 4 9L = U!,5'0 F 00°0L O 9L=U!90F Or'LL O /PN ‘snjiydopiop *7 ‘1aspopiod 7 ‘spupjul g
(16'0 03 LS'¥-) 08°L- (ID %S6) AW 8L=U!0FO0ETLO] 8L=UE0FO06LLINDD SO sYydes ¢ (apixolp uodyjis pue ‘winbuoj °g ‘ana1q g ‘snjiydowsiay s ureds
5(5) DAL-WE (5) DNL-WE () DNL-WE DLW Mzl asoyew) sjuabe aAndeu| ‘3UIOIGSIA 10 XXIWOAIA) | 9 YIO<WW  Jd‘1d‘8d ,£(6107) ‘|2 33 upwioy
ogase(d
Yum pasedwod sanjea (awiy
X dnoib 10} d (1 %S6) AW ON
(100" > d) pasea.dul pjoj-16°L
M 8L SA suljaseq H-0LIML
(100" > d) paseanul pjoj-£€'L
M 8L SA dul]dseq T-0LYML
(sawm) 153-50€
(10" > d) paseanap +IN (H-0LIML) DI IN (H-0LYML) OI
%60°6 %M 8L SA dul|9seq T-0 LML «IN (1-0LYML) D1 IN (T-0LY¥ML) OI
(10" > d) paseanul IN 92 IN 9D
PIOJ-GL"L 4M 8L SA Bul|3seq 0g3de|d p(s3Wn) 153-50¢€ p(sawn) 153-50¢€
(s) LM-wolL IN (H-0LYML) 91 IN (H-0LYML) OI
(L0 > d) 13M0] %99°'LE %IN (-0LYML) OI IN (T-0L¥ML) OI
H-OLMML sA ogade|d xm 81 3y «IN 9D IN 92
(10" =d) Jamo) 5(995) LM-wioL 5(995) Lm-wioL
%0891 AM 8L SA dul|dseq H-0 LML 5481 F 008 (H-0LMML) DI TE F09'6 (H-0LYML) OI
(100" > d) paseanul IN (T-0L¥ML) OI IN (T-0L¥ML) OI 153-50€
PI0J-ST'L XM 8L SA aul|aseq ogade|d 0V F0L1L DD 6'EF0OV6 DD IMm-wolL mU\mm_zQOu T [E2] *sK1201 Il
() onL-we p(5) ONL-WE p(5) ONL-WE oNL-we M gL pue xapoijepy 5(0LMML wnipupjd *7) d101qoId SS 45855 '"M/W dd“1d‘aa Y 4e(1707) "2 19 997
awn x dnoib 1oy LOO" > d Ly =U/E0FESTOI Ly =U'8TOF LTTOI
(65°0 “£Z°0) £¥°0 (1D %S6) AW €S =UETOFSLTOD €S =U9T0F9TTOD
5(1-0 31035) S1S-S plb-0 21035) S1S-§ plb-0 21035) S1S-G
awn x dnoib 10y 100" > d Ly = U670 F ¥0°€ Ol Ly =U0E0F €8T OI
(S¥°0 “€1°0) 62°0 (1D %S6) AW €5 =U'8T0F /8T DD €S =UILE0FS6TOD
(-0 21035) duelRg plt-0 21035) 3>UElRg plp-0 21035) 3>UBlRg
awn x dnoib 1oy €7 = ¢ Ly =U!6E0F6L°€OI Ly =UYE0F LOEDI
(62°0 03 £0°0-) LL°0 (ID %S6) AW €S =UI[TOFE6TOD €5 =USTOF98TOD
5(b-0 21035) 1MW p(b-0 21035) IMIWY p(b-0 21035) IMIY
awn x dnoib 10} 10" = d Ly =U81'0 F90°'L OI Ly =UBLOF¥6'00I
(2z°0 '€0°0) €1°0 (1D %S6) AW €5 =U'/L'0F9809) €5 =U'/1'0F9809) 58ddS P/aINsded | <(ll1>eqO1oE| pue ‘eld>eqop uejsiyed
o(s/w) S5 p(S/W) S p(S/W) SO SO AMoL nﬂcwmm dARdeU| ‘snjiydowiay °s "XXIWOAIA) J1101qoId oL €L-€9'W dd“1d‘9d Y 1,(T207) ‘e 19 wiliey
ogade|d NAS/3dd/0dd
asop ‘uor. 39! Anunod>
abueyy pu3 auleseg Vs J0 uoneing uonejuawsajddns jo adA) (u) je3oL () abe !xas  ‘ubisap Apms aeaf Lloyany

uoipun4

pue aduewlopad [e1sAy4 pue ‘uoneiuawalddng J1oiquiks pue D1oigald 110Iqold U0 paseg SUO[UIAISIUL JO [eli] P3]|0JIU0D) pPazZIWopueYy papnpul yoe3 wold soisualeley) *€ ajqel

e1693-e1708

Nutrition Reviews® Vol. 83(7)

e1700



*UBWOM ‘M ‘OLMML Wnipjupjd -7 3s0p-mo| “T-0LMML ‘0 LML wnipjupjd 7 350p-ybiy ‘H-0 LML D1I0IquAs ‘NAS ‘A1911eq aduewiopad
|e21sAyd 110ys ‘gdds ‘Juawissasse ejuadodies ‘ys ‘paziwopuel Y 1101qoid ‘OYd d1oigaid ‘Jyd ‘[a||esed “1d {pajjo1uod 0gade|d Dd ‘UoIIBULIOUI OU ‘[N ‘BSO|N||9D dul||eISAI0IIW ‘|N|[9D SAID0IDIW ‘DIUBIDHIP UBSW ‘g ‘ULIXSPOl[eW ‘Xapoljew ‘usw ‘W ‘dnoib uonuaasslul ‘o) paads 1eb
‘SO ‘saplieydIes0b1j0019n) ‘S04 ‘[9A3] A1jiel) 14 ‘pullq S|qnop ‘gq ‘dnoib [01u0d ‘D) ‘53] puBlIS-1IBYD PUOIIS-OE ‘(S-S OF ‘1531 }[BM W0 ‘I M-W O ‘1591 PUBIS-IIRYD SBWI § ‘S1S-G ‘1531 Y[eM W-9'p ‘I M-W O'F ‘1531 Bumj|em Wi ‘] MY 1591 0b-pue-dn pawiy W-g ‘O L-W € :SUoNDIAIGqY

*plog ul sI s3nsas JuediIubis A|[ednsiiels ayl Jo anjea 4 3yl ‘abueyd ay) uj ‘(50" > 4) dnoib uonusaalul pue dnolb 013U0d Y3 UIIMID JuedlIubls >__mu:m_§mf

(50" > d) UONUIAIUI JO PUS PUE JUISE] UGIMID] JuRdYIUBIS AllRdNSHEIS

‘(%) "ou se payiodai eyeq,,

“(e>uewiopad 353q) Of 03 (3duewIORd 1510M) O WO PaBURI 3105 (30} :3]BJS AU,

“Jewoy 1apmod Ul £7Sd 1aspapipd 7 d1101qod ‘(6 G'g) dudN3| ‘(|e1auab ul £-eBIWO 9488’ PUE ‘PIde DIOUILXIYLSOIOP % |67 ‘PIoE dIouaRIUIdRS0DId %] /9 JO Bunsisuod ‘6w 0os) pioe A1ey -ebawo suleyuod buinls auQ,
*(bw ggye wnwiuiw) S04 pue (bw /€€ winwiuiw) uinui sureuod (6 6'7) uoods ye3,

‘W3S F ueaw se panodal eleq,

*(0€£¥T WSQ winipjupyd 7 pue ‘pE/¥Z WSQ Snoupbing dsqns 1y2anigjp 1 'S€LyT WSA snjiydopip 1 '€€LyT WSQ 125pIpibd 7 *£€45T WSQ SBUDJUI g ‘9EL¥T WSQ winbuoj °g ‘TeL5T WSA 24249 g *LELYT NSQ Snjiydowwiayy °) LI1ORG 3A Ul 0 SUIRIU0D (B 4°p) 19des yoea,
“(H-OLMML N4D 5,01 X €40 T-OLYML N4D ,,0L X L SUIRIUO OLYML wnip3upjd 7 Jo 3|nsded ydeds

*Pl0 $183K 09 13M SI33UN|OA PAPNdUl [e ‘abe uoisn|pul 3y audsaq,

‘siaydieasal \AQ palendje> A_U o\omg anw,

“pajedIpul SS3jUN S F UBSW BJe saNjeA,

'8> 21005 e yum pasoubeip sem ejuadodies ‘7| 03 0 woly pabues 2105 [e303 3y “(siawlopad 153q) ¢ 03 (s1awopad 1s10M) O Woly pabuel 21035 3533 Yde3 :gddS,

"paniodal 10N,

(Y€LYT WSQ Smoupbing “dsqns inpaniqjap 7 '€€L¥T WSA ‘0EL¥T WSQA ‘SELKT INSA SNjIPPGOIIDT 'LELYT WSA ‘TELYT WSA 24249 °g *9€L¥T WSQA Winbuoj winiia1pqopyig 1LELyT WSA snjiydoutay) sn2001dals) eua1deq dAl| UOI|iq Z1L Pauleiuod ajnsded e,

v =uzLo) zL ol Yr=ug'Le) vl Ol
8y = U(9'L¥) 0T 9 8y = U (5'£€E) 81 9D
w(21035) §ddS w(21035) §ddS
awn x dnoib 10y 71 =4 ¥¥ = U610 F 86°0 OI by =Uu'yL'0F €809l
(91°0 03 70°0-) £0°0 (1D %S6) AW 8y =U'SL'0 ¥ S8'0 9D 8y =UTL0F LL09DD 58ddS <P/3Insdes | <(llI1>eqO1R| pUE ‘BlId1ORAOPYIq uejshied
o(S/w) SO p(5/W) SO p(5/W) SO SO ML gSHuabe aaeuy| ‘snjiydousay °s XXIWOAIA) d1101q0id 80L JEL-8S W Jd“1d‘ad 'y 0¢(TT07) ‘|2 10 wiiey
awn x dnoib 1o} 18" = 4 8T =USYF06'LOI 8T =U09F 080l
(6€'% 03 65°5-) 09°0— (1D %S6) AW WC=UuTy 089D TC=u'0'6 ¥ 0989 (P/uoods [9A3] | ureds
o(5) dlem mojs p(5) [em mojs p(8)em MoIS  IM-W 9 M gL X3polep 09 S9< MWW Jd1d‘ea 'y 0,(9102) ‘|2 39 sanbing
«ETELLTD) £L9T (1D %S6) AW DI
awn x dnoib 10} §0° > d (£6°0 01 80°0-) S+°0 (1D %S6) AW 9
(00°€ ‘¥¥'L) 2T (1D %S6) AW (21-0 21035) gddS
(1-0 21035) 9ddS «(68'7'66°0) ¥6'L (1D %S6) AW DI
awn X dnoib 10j §0° > d (5720 (suonepuaWWoddl AAnde Jea1sAyd
(¢2°€'50°L) 6€T (1D %S6) AW 01 ¥€'L-) S0~ (1D %S6) AW DD >8ddS 4P/BuUInIBS | pue [euontinu + €7Sd /aspopind 7 ey
(0t-0 94035) maul|. (0-0 3105) MmaUIL maulL Imse 40922e(d dHojed0s| anoigoid ‘auna| ‘pive Ay €-e6awQ 09 1SS W 2d1d'80Y  (2z0T) ‘e 19 ljjduepuoy
ogazejd NAS/34d/04d
asop ‘uol: 19: Anuno>
abuey) pu3 aujjaseg Vs Jo uoneing uopejuawajddns jo adAL (u) |30y () 9be !xas  ‘ubisap Apms aeaf Loyny

panunuo) *g ajqer

e1701

e1693-e1708

Nutrition Reviews® Vol. 83(7)



Unique ID D1 D2 D3 D4
Buigues C et al., 2016 & + ‘ +
Karim A et al., 2022 “V & i 5
Lee MCet al., 2021 oo . . +
Lei M et al.,, 2016 + + + +
Neto JV et al., 2013 ! + + +
Roman E et al., 2019 9 + + +
Rondanelli M et al., 2022 + ‘ . +
Karim A et al., 2022 % + + o +

D5 Overall
+ . + Low risk
+ @ ! Some concerns
+ ‘ . High risk
P ©
+ (D D1 Randomisation process
+ @ D2 Deviations from the intended interventions
+ ‘ D3 Missing outcome data
+  @ D4 Measurement of the outcome
D5 Selection of the reported result

Figure 2. Quality of the Randomized Controlled Trials in the Systematic Review. Abbreviation: D, domain.

with the placebo group, the probiotic group had signifi-
cantly increased handgrip strength (HGS) (MD [95% CIJ,
2.27kg [0.52-4.02]; P = .01 for group X time).*'

Another effective probiotic intervention was reported
in an article about a 12-week, 2-arm RCT, also with
Vivomixx probiotic based on 112 billion live bacteria, and
a placebo with inactive agents (not reported).’® The
RCT determined that the probiotic group had significantly
increased HGS (MD [95% CI], 3.03kg [1.29-4.77];
P < .001 for group X time) compared with the placebo
group.™

A third effective probiotic intervention was studied
in an 8-week, 2-arm RCT. In this arm, participants
received either 1 serving/d omega-3 fatty acid (500 mg,
consisting of 64.71% eicosapentaenoic acid, 29.41%
docosahexaenoic acid, and 5.88% omega-3 in general),
leucine (2.5 g), probiotic L. paracasei PS23 (“30 Billion,”
freeze-dried by Abiogen Pharma) in powder format,
and nutritional (1.5 g protein/kg of body weight/d) and
physical activity recommendations; or 1 serving/d, in
powder format, of isocaloric placebo (not reported).’
The RCT results indicated HGS was significantly
increased in the probiotic group compared with the pla-
cebo group (MD [95% CI], 4.09 kg [2.78-5.39] P < .05
for group X time).”

Conversely, 4 RCTs did not show significant results
among groups.”**”*>** One was an 18-week, 3-arm RCT
in which participants took 2 capsules/d of probiotic
L. plantarum TWK10 low-dose group with 1 x 10'° CFU
in each capsule; or 2 capsules/day of probiotic L. planta-
rum TWKI0 high-dose group (TWK10-H) with 3 x 10"
CFU in each capsule; or 2 capsules/day of placebo based
on maltodextrin and microcrystalline cellulose.**
Although the findings were not significant, the HGS of
the left hand in the TWK10-H group was 1.13-fold higher
at the end of the intervention compared with baseline
(P=.02).>* A second RCT without significant results
among groups was a 12-week, 2-arm probiotic Vivomixx

e1702

(Europe) or Visbiome (United States) intervention. In
that study, participants took either 2 diluted sachets/d
(4.4 g/sachet) with 450 billion live bacteria (S. thermophi-
Ius DSM 24731, B. breve DSM 24732, B. longum DSM
24736, B. infantis DSM 24737, L. paracasei DSM 24733,
L. acidophilus DSM 24735, L. delbrueckii subsp. bulgari-
cus DSM 24734, and L. plantarum DSM 24730), or 2
diluted sachets/d placebo with inactive agents (maltose
and silicon dioxide).”” A third RCT without significant
results among groups was a 13-week, 2-arm RCT based
on prebiotic supplementation intervention. Participants
took either 1 level spoon/d (7.5g) of Darmocare Pre
(Bonusan Besloten Vennootschap (BV), Numansdorp,
The Netherlands), based on inulin (minimum 3375 mg)
and fructooligosaccharides (FOS; minimum 3488 mg) per
each spoon; or 1 level spoon/d (7.5 g) placebo (maltodex-
trin).*® The MD (95% CI) and P values were not signifi-
cant; however, there was a statistically significant
improvement of HGS of the right hand in the interven-
tion group compared with the placebo group at the end
of the intervention.*’ Also, there was a statistically signifi-
cant improvement at the end of the intervention com-
pared with the baseline in the prebiotic group.* Finally, a
fourth RCT without significant results among groups was
a synbiotic 12-week, 2-arm RCT in which participants
took either 1 dose/d of a synbiotic based on 6 g FOS, 10°-
10° CFU L. paracasei, 10°-10° CFU L. rhamnosus, 10°-10°
CFU L. acidophilus, and 10°-10° CFU B. lactis; or 1 dose/
d placebo (maltodextrin).*

It was not possible to obtain the MD (95% CI) P for
group X time values for a 24-week, 2-arm RCT (inter-
vention: 2 servings/d skimmed milk containing a mini-
mum of 6 X 10° CFU L. casei Shirota probiotic; control:
skimmed milk as a placebo).”® However, the article on
this RCT reported significantly higher HGS at 2-
5months in the intervention group compared with the
placebo group (P < .05).%®

Nutrition Reviews® Vol. 83(7):e1693-e1708



Experimental Control

Study or Subgroup Mean

Mean Difference
SD Total Mean SD Total Weight

Mean Difference

IV, Fixed, 95% CI IV, Fixed, 95% CI

Karim A, etal,, 2022b 267 477 44 -0.36 36 48 451%
Karim Aetal, 2022a 273 4.4 47 046 452 53 445%
Lee MC etal,, 20212 -01 677 12 -03 795 17 47%
Lee MC etal,, 202122 23 842 13 -03 795 17 3.9%
RomanEetal, 2019  -0.14 12.61 17 -0.74 13.01 18 1.9%

Total (95% CI) 133 153 100.0%

Heterogeneity: Chi*=1.32, df= 4 (P = 0.86), F=0%
Test for overall effect: Z=4.19 (P < 0.0001)

3.03[1.29, 4.77] ——
2.27[0.52, 4.02) ——
0.20 [-5.18, 5.58]
2.60 [-3.34, 8.54) >
0.60 [-7.89, 9.09] + >
2.50 [1.33, 3.66] R i

-4 -2 0 2 4

Favours [placeho] Favours [intervention)]

Figure 3. Forest Plot of the Meta-Analysis of Randomized Controlled Trials Based on Supplementation with Probiotics, Prebiotics, and
Synbiotics, and Muscle Strength (as measured by handgrip strength). (#) low-dose group (TWK10-L) 1x10'° CFU; (##) high-dose group

(TWK10-H) 3x10'° CFU. Abbreviation: IV, inverse variance.

Additionally, 4 RCTs were included in the meta-
analysis about muscle strength.>**®*”*! This meta-
analysis, with a sample of 286 individuals, revealed a
statistically significant increase in HGS (MD [95% CI],
2.50kg [1.33-3.66], P < .001; I =0%, P =86 for hetero-
geneity) (Figure 3°*°**7*!) However, Egger’s test indi-
cated a publication bias (P=.062) and the funnel plot
appeared asymmetric (Figure S2). Furthermore, a sensi-
tivity analysis was performed. First, when the 2 studies
with higher weight were excluded from the meta-analy-
sis,”>*! the meta-analysis result was not significant (for
HGS, MD [95% CI], 1.16kg [-2.45 to 4.77]; P=.53;
P=0%, P=.83 for heterogeneity) (FigureS3**").
Another sensitivity analysis was performed, excluding
the study with a high risk of bias,”* and in this case, the
meta-analysis could not be performed, and the results
could not be replicated.

Effects on Muscle Mass. A total of 5 RCTs assessed
muscle mass (Table $2).>*7%*%*! Three RCTs did not
report statistically significant results for probiotics inter-
ventions, based on the MD (95% CI) P for group X time
values,”>*®*! and 1 RCT did not show results between
groups.”* Also, 1 RCT of synbiotic supplementation did
not report statistically significant results based on the
MD (95% CI) and P for group X time.*

One RCT that included an intervention based on
omega-3 fatty acid, leucine, and probiotic L. paracasei
PS23 supplementation with nutritional and physical activ-
ity recommendations, although not significance was not
reported among groups, indicated that appendicular lean
mass was reduced in the placebo group compared with
baseline (MD [95% CI], -1.27g [-2205.44 to -332.26];
P<.05). The other RCTs without significant results
among groups studied Vivomixx probiotic supplementa-
tion (S. thermophilus DSM 24731; B. longum DSM 24736;
B. breve DSM 24732, DSM 24737; Lactobacillus DSM
24735, DSM 24730, DSM 24733; L. delbrueckii subsp. bul-
garicus DSM 24734),>>*! and about synbiotic supplemen-
tation (FOS; L. paracasei, L. rhamnosus, L. acidophilus,
and B. lactis).*®

Nutrition Reviews® Vol. 83(7):e1693-e1708

Additionally, despite being unable to obtain the
MD (95% CI) values among groups, 1 RCT of probiotic
supplementation with L. plantarum TWKI10 showed
that muscle mass of the TWK10-H group, compared
with the baseline, was 1.03-fold higher at 18 weeks
(P=.002).>*

Effects on Physical Performance and Function. Six of the
included articles in this review each reported on an
RCT that assessed physical performance and function
(Table 3).>**7***! Focusing on probiotics supplementa-
tion and based on the MD (95% CI) and P for group X
time values, 2 RCTs reported statistically significant
results favoring the probiotic intervention group com-
pared with the placebo group,”*' and 2 RCTs did not
show significance.”®”” However, 1 RCT of probiotic
supplementation did not show results between groups.*
Additionally, 1 RCT of prebiotic supplementation did
not show significance based on the MD (95% CI) and
P for group X time values.*’

One effective RCT intervention involving the
Vivomixx probiotic based on 112 billion live bacteria
showed an improvement, compared with placebo, in GS
in the probiotic group (MD [95% ClI], 0.13m/s [0.03-
0.22]; P = .01 for group X time).*! Additionally, the
RCT revealed a statistically significant improvement in
some components of SPPB in the probiotic group com-
pared with the placebo group, such as balance score
(MD [95%CI], 0.29 [0.13-0.45]; P < .001 for group X
time) and 5 times chair-stand test score (MD [95% CI],
0.43 [0.27-0.59]; P < .001 for group X time).*!
Nevertheless, the RCT did not show significant results
in the 4-m walking test score, among groups.*'

Another effective probiotic RCT of omega-3 fatty
acid, leucine, and probiotic L. paracasei PS23 supple-
mentation with nutritional and physical activity recom-
mendations determined a statistically significant
improvement in Tinetti score (MD [95% CI], 2.39
[1.05-3.72]; P < .05 for group X time) and SPPB score
(MD [95% CI], 2.22 [1.44-3.00] P < .05) for group X

e1703


https://academic.oup.com/nutritionreviews/article-lookup/doi/10.1093/nutrit/nuae145#supplementary-data
https://academic.oup.com/nutritionreviews/article-lookup/doi/10.1093/nutrit/nuae145#supplementary-data
https://academic.oup.com/nutritionreviews/article-lookup/doi/10.1093/nutrit/nuae145#supplementary-data

Experimental Control
Study or Subgroup Mean SD Total Mean

Mean Difference
SD Total Weight (%) IV, Fixed, 95% CI

Mean Difference
IV, Fixed, 95% CI

Karim et al, 2022b 0.15 0.24 44 0.08 0.19 48 513
Karim et al, 2022a 0.12 0.25 47 -0.0013 0.24 53 437
Roman et al, 2019 0.22 045 16 0.07 0.39 18 5.0

Total (95% ClI) 107 119 100.0

Heterogeneity: x?= 0.73, df = 2 (P = .69); I*= 0%
Test for overall effect: Z = 2.97 (P =.003)

0.07 (~0.02 to 0.16) J—u—
0.12 (0.02-0.22) ——

0.15 (~0.13 to 0.43) ’
0.10 (0.03-0.16) e

02 01 0 01 02
Favors [placebo]  Favors [intervention]

Figure 4. Forest Plot of the Meta-Analysis of Randomized Controlled Trials Based on Supplementation with Probiotics, Prebiotics, and
Synbiotics, and Physical Performance and Function (as measured by gait speed). Abbreviation: IV, inverse variance.

time) in the probiotic group compared with the placebo
group.”

In contrast, 1 RCT, neither Vivomixx (Europe) nor
Visbiome (United States) probiotic (S. thermophilus,
B. breve, B. longum, B. infantis, L. paracasei, L. acidophi-
lus, L. delbrueckii subsp. bulgaricus, and L. plantarum)
achieved significance among groups.”” Even though the
RCT showed a reduction of 3m-TUG (11.38+
0.57 seconds vs 10.00+0.49 seconds; P < .05) and an
improvement in GS (0.90+0.05m/s vs 1.12+0.10 m/s;
P <.05) in the probiotic group at the end of the inter-
vention compared with baseline.”” Additionally, another
article on an RCT of Vivomixx (112 billion live bacteria
probiotic supplementation) reported there were no sig-
nificant results.’® Nevertheless, showed an improvement
in GS between baseline and end of the intervention in
the probiotic group (0.83+0.14m/s vs 0.98+0.19 m/s;
P <.05).%° In this context, another prebiotic RCT of
Darmocare Pre, based on inulin and FOS supplementa-
tion, did not achieve significance among groups.*’

Furthermore, in 1 RCT based on probiotic supple-
mentation with L. plantarum TWKI10, although it was
not possible to obtain the MD (95% CI) values among
groups, researchers revealed statistically significant
results both in the intervention and placebo groups at
18 weeks.”® Related to the placebo group, compared
with baseline, the results of the 3 m-TUG and the 10-m
walk test were significantly increased by 1.25-fold
(P<.001) and 1.15-fold (P<.01), respectively, at
18 weeks.”* Moreover, in the TWK10 low-dose group,
compared with baseline, the 10-m walk test was signifi-
cantly decreased by 9.09% (P <.01), and the 30s-CST
was significantly increased by 1.37-fold (P <.001), at
the end of the intervention.>® Also, in the TWK10-H
group, compared with the baseline, the 30s-CST was
significantly increased by 1.51-fold (P <.001) at the end
of the intervention.”* Additionally, at the end of the
intervention, the 3m-TUG of the TWKI10-H group,
compared with the placebo group, was significantly
lower by 31.66% (P < .01).>*

A total of 3 RCTs were included in the meta-
analysis ~ about  physical  performance  and

e1704

function.’®*”*! This meta-analysis, with a sample of
226 individuals, revealed a statistically significant
increase in GS (MD [95% CI], 0.10m/s [0.03-0.16],
P=.003; I’=0% P=.69 for heterogeneity)
(Figure 4°%*7*!). Egger’s test indicated no publication
bias (P =.603), although the funnel plot appeared asym-
metric (Figure S4). A sensitivity analysis could not be
performed.

DISCUSSION

The present systematic review and meta-analysis of
RCTs showed that nutritional strategies based on probi-
otic supplementation had statistically significant posi-
tive effects on the improvement of muscle strength and
physical function. However, in the meta-analysis, con-
sidering the studies using probiotic supplementation for
muscle strength, statistical significance was lost when
the sensitivity analysis was applied, and the effectiveness
disappeared. This analysis was conducted to address the
heterogeneity of the articles included in the systematic
review and meta-analysis, because 2 RCTs about the
same probiotic Vivomixx (112 billion live bacteria) had
the largest sample size of the studies included and were
the only ones that showed effectiveness in the meta-
analysis. Therefore, this heterogeneity in the sample size
among studies affected the reliability of the results.

There are still limited studies about prebiotics and
synbiotics, and more evidence is needed to elucidate
their effects on sarcopenia parameters. However, prebi-
otic supplementation is suggested to be effective on
muscle strength. On the other hand, neither strategy
seems to be effective in improving muscle mass.
Figure 5 and Table 4*>***! provide a summary integra-
tion of the effects of probiotics, prebiotics, and synbiot-
ics on sarcopenia parameters.

Despite limited information on probiotic supple-
mentation (Figure5), the systematic review and meta-
analysis determined that Vivomixx probiotic, based on
112 billion live bacteria (S. thermophilus DSM 24731;
B. longum DSM 24736; B. breve DSM 24732, DSM
24737; Lactobacillus DSM 24735, DSM 24730, DSM
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Figure 5. Summary of Probiotics, Prebiotics, and Synbiotics Results on Sarcopenia Parameters. Orange arrow (thin arrow): statistically signifi-
cant meta-analysis results, but without significance after sensitivity analysis. Blue arrow (dashed arrow): statistically significant systematic
review results are based on mean difference (95% Cl) and P for group X time. Green arrow (thick arrow): statistically significant meta-analy-
sis results. Black arrow (dotted arrow): statistically significant systematic review results based on the comparison between groups. + indi-
cates results favoring intervention; = indicates results that suggest a trend favoring intervention. NS, no statistically significant results.

Table 4. Probiotics Supplementation Recommendation According to the Statistically Significant Studies Based on Mean
Difference and the 95%Cl from the Systematic Review and Meta-Analysis of Muscle Strength and Physical Performance and

Function
Author; year Study duration Sarcopenia Characteristics of probiotics Dose
(wk) parameters

Karim et al (2022)*' 16 MS Vivomixx® 1 capsule/d
PP/F

Karim et al (2022)° 12 MS Vivomixx® 1 capsule/d
PP/F

Rondanelli et al 8 MS 1 serving (powder format) contains omega-3 fatty 1 serving/d

(2022)*P PP/F acid (500 mg, consisting of 64.71%

eicosapentaenoic acid, 29.41% docosahexaenoic
acid, and the remaining 5.88% omega-3 in
general), leucine (2.5 g), probiotic L. paracasei
PS23 plus nutritional and physical activity
recommendations

®Each capsule contains 112 billion live bacteria (Str%)tococcus thermophilus DSM 24731; Bifidobacterium longum DSM 24736; B. breve

DSM 24732, DSM 24737; Lactobacillus DSM 24735,
PResults only from systematic review.

SM 24730, DSM 24733; L. delbrueckii subsp. bulgaricus

SM 24734).

Abbreviations: MS, muscle strength; PP/F, physical performance and function.

24733; L. delbrueckii subsp. bulgaricus DSM 24734)
seems to be the most effective for improving muscle
strength as measured by HGS and physical performance
and function by GS.***' Along this line, another 12-
week RCT that used the same probiotic (Vivomixx)
showed less although the probiotic
included 450 billion live bacteria, a larger dose.”” The
different effectiveness of Vivomixx probably is due to
the shorter intervention duration (12 weeks vs 16 weeks)
and the difference in probiotic format (capsule or
sachets). However, the heterogeneity of the included
studies made it difficult to obtain definitive results.
Furthermore, based on the results of the systematic

effectiveness,

review on muscle strength and physical performance
and function, supplementation with omega-3 fatty acid,
leucine, and probiotic L. paracasei PS23, in addition to
nutritional and physical activity recommendations,
resulted in improved muscle strength and physical

Nutrition Reviews® Vol. 83(7):e1693-e1708

performance and function compared with placebo.”
Nevertheless, the isolated effects of L. paracasei PS23
could not be appreciated because the intervention
included other components, such as omega-3 fatty
acids, leucine, and nutritional and physical activity
interventions.>® For this reason, it could be interesting
to assess the effects of the probiotic alone to determine
if they are attributable to the probiotic or to the other
nutritional and physical activity components of the
intervention. However, the implementation of nutri-
tional recommendations allows us to emphasize the
importance of diet, especially promoting the consump-
tion of foods rich in protein and leucine, and physical
activity for sarcopenia management reported in the sci-
entific literature.'®

There were no statistically significant results
between groups in terms of prebiotics in the different
parameters  (Figure 5). the

sarcopenia However,
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systematic review showed that prebiotic supplementa-
tion based on Darmocare Pre containing inulin and
FOS statistically improved HGS in the intervention
group compared with the placebo group at the end of
the intervention.”” Also, the scientific evidence related
to prebiotic and synbiotic supplementation is still
scarce, probably because they are less studied than pro-
biotics, and more research with high-quality RCTs is
needed to explore the role of these nutritional strategies
on sarcopenia management.

The present review determined that the sarcopenia
variables of physical performance and function and
muscle strength have more evidence of improvement
after probiotic supplementation, whereas muscle mass
is less enhanced. In this context, resistance training and
mixed training by adults with sarcopenia improve
muscle strength, such as knee extension strength,*
HGS, and CST,* and physical performance and func-
tion, such as TUG and GS.**** Nevertheless, muscle
mass has not been evaluated because of differences in
assessment criteria and tools*? or because there were no
statistically significant differences.*’

As the evidence shows, there is a more rapid loss of
muscle strength and physical performance and function
than of muscle mass in aging; indeed, these changes can
be seen with a minimal reduction in muscle mass.***
This may be due to the loss of muscle quality instead of
quantity with age.** *® Additionally, sarcopenia is char-
acterized by the loss of type I and type II fibers, with an
atrophy of type II fibers.*’” This highlights the impor-
tance of assessing muscle quality in clinical practice
using phase angle by bioimpedance analysis to show lit-
tle changes in muscle fibers due to the aging proc-
ess,*>*® or ultrasound to obtain muscle thickness and
muscle cross-sectional area.*®***’

The present systematic review and meta-analysis
suggested that probiotics could influence sarcopenia
parameters via the gut-muscle axis; however, the spe-
cific mechanisms of action on skeletal muscle are not
specified. Because of microbiota dysbiosis, there are a
systematic chronic low-grade inflammation, a reduction
of autophagic activity that increases reactive oxygen
species production, a dysregulation of the endocrine
system, a negative muscle protein balance, and a mito-
chondrial and neuromuscular connectivity dysfunc-
tion.”® These physiological and pathological conditions
negatively affect muscle mass and physical performance
and function, and alter muscle growth and develop-
ment.”® Although there is evidence for the gut-muscle
axis, more studies are needed to demonstrate the causal
link.

The present systematic review and meta-analysis
have some strengths. First, we focused the results on all
sarcopenia parameters with the scientific evidence from
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the past 2 decades. Moreover, considering the certainty
of evidence, in the meta-analysis of physical perform-
ance and function, all included RCTs had a low risk of
bias without publication bias, whereas 3 of 4 RCTs
included in the meta-analysis about muscle strength
had a low risk of bias, although there was a publication
bias. Also, the 2 RCTs with the highest weight in the
meta-analysis had a low risk of bias. For this reason, the
results supported that the favorable effects of probiotics
on muscle strength and physical performance and func-
tion could be considered a certainty due to the majority
low risk-of-bias RCTs.

Despite the strengths, the present systematic review
and meta-analysis had some limitations. First, there was
small number of studies included in the systematic
review and in the meta-analysis, which limited the evi-
dence of the results. Second, there is language bias
because the search was only for English-language publi-
cations, and possible publications in other languages are
not included. Also, the search was limited from 2000 to
2023; there may be some articles published prior to
2000 that were not identified with the current search
strategy. Third, the inclusion of older adults with differ-
ent diseases and the inclusion of RCTs with an inclusion
age of <60years could increase heterogeneity and
affect the results’ interpretability (although the mean
age (+ SD) was >60years in these studies). Therefore,
future research should focus on each disease to reduce
the heterogeneity of the included studies. Fourth, the
wide range of sample sizes of the RCTs and geographic
diversity affected the generalizability of the results, due
to the increased heterogeneity of the studies. Fifth, there
is scarce evidence of nutritional intervention studies
about sarcopenia effects that involve all sarcopenia
parameters. Future studies should include all sarcopenia
parameters to tackle all aspects of sarcopenia. Sixth, the
variability in sarcopenia assessment tools might compli-
cate the comparison across studies. The use of different
tools to evaluate muscle mass made it difficult to per-
form a meta-analysis on this parameter of sarcopenia.
For this reason, it is important to use the gold standard
assessment tools from the EWGSOP2." Seventh, some
articles did not report enough information about pla-
cebo. Eighth, 3 RCTs included in the systematic review
and meta-analysis presented a high risk of bias, accord-
ing to the RoB2 tool. Ninth, the meta-analysis of muscle
strength showed a publication bias. Tenth, the sensitiv-
ity analysis showed that results could not be reproduced
when high-weight studies and high risk-of-bias publica-
tions were excluded. And last, the studies included in
the meta-analysis did not control the diet of partici-
pants, such as protein intake, branched-chain amino
acids, or essential amino acids consumption, and the
exercise parameters (intensity, frequency and duration).
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These uncontrolled variables could significantly influ-
ence the outcomes, considering the existing evidence in
the literature on the impact of diet and exercise on sar-
copenia parameters. Thus, more rigorous studies are
necessary to establish clear guidelines on the use of spe-
cific types of probiotics, prebiotics, and synbiotic, doses,
and duration of supplementation for sarcopenia param-
eters enhancement in older adults.

CONCLUSION

In conclusion, the present systematic review and meta-
analysis revealed that probiotic supplementation seems
to be effective in improving muscle strength and physi-
cal function, particularly in HGS and GS. Results of pre-
biotic supplementation suggested beneficial effects on
muscle strength. In contrast, there was no significant
evidence for the effects of probiotics, prebiotics, and
synbiotics on muscle mass. The heterogeneity of studies
included made it difficult to obtain solid results. More
robust research is needed with high-quality RCTs with
large sample sizes, different bacterial strains, matrices,
doses, duration of intervention, and controlling for rele-
vant aspects such as diet and physical activity of partici-
pants, to confirm the probiotics’ effects and to elucidate
the role of the gut-muscle axis. Currently, there is still a
lack of evidence on prebiotic and synbiotic strategies,
and further research is needed to elucidate their effects
on sarcopenia parameters.
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