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Abstract

BACKGROUND: Experimental evidence suggests that polyphenols,
a large group of phytochemicals found in fruits and vegetables, may
preserve muscle mass and strength by increasing the expression of
anabolic factors and enhancing mitochondrial function.

OBJECTIVES: This systematic review and meta-analysis aims to
summarize the evidence about the effect of polyphenol supplementation
on muscle mass, muscle strength, and physical performance in
individuals with sarcopenia.

METHODS: A systematic search was conducted using three databases
(PubMed/Medline, Scopus, and Web of Science) from the date of
inception to April 2024. Interventional studies examining the effect
of polyphenol supplementation on muscle measures and physical
performance in middle-aged and older subjects with sarcopenia were
included.

RESULTS: Of the 344 articles screened, 7 articles were included in the
systematic review. Five of the 7 included studies were meta-analyzed,
involving a total of 227 patients with sarcopenia. The results showed
a statistically significant effect of polyphenols on muscle mass (SMD
= 1.50; 95% CI: 0.26, 2.75; Z = 2.36; P = 0.02), no effect on muscle
strength (SMD = 0.03; 95% CI: -0.24,0.30; Z=0.20; P=0.84), and a
near-significant trend on physical performance (SMD = 0.52; 95% CI:
—-0.03, 1.07; P=0.06).

CONCLUSIONS: Based on the available data, this study provides
pooled evidence that treatment with polyphenols may have a beneficial
effect on muscle mass in sarcopenic subjects.

However, further studies with larger sample sizes are required to
substantiate this effect and draw more accurate conclusions.

Key words: Polyphenols, sarcopenia, muscle mass, muscle strength,
physical performance.

Introduction

ith the increase in the aging population,

sarcopenia has become one of the most important

public health problems. It is characterized
by an age-related decline in muscle mass and function,
leading to a progressive loss of physical abilities, increased
risk of hospitalization, and premature death (1). The main
characteristics of sarcopenia include selective atrophy of
fast muscle fibers, loss of motor units, and an increase in
hybrid muscle fibers. Muscle strength and power decline
more than muscle size, making muscle function a critical
predictor of adverse outcomes (2). Despite differences in
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diagnostic criteria, target populations, and regional variability,
the global prevalence of sarcopenia in individuals over 60
years of age is estimated to range from 10% to 27% (3, 4).
Although the prevalence of sarcopenia is significantly high, it
is often underdiagnosed and undertreated. Indeed, in addition
to the lack of an international consensus on how to define
sarcopenia, there is no accepted pharmaceutical agent to treat it,
and physical activity (e.g., resistance exercise) remains the first
line of treatment to improve its clinical outcomes (5). However,
mounting evidence suggests that specific dietary patterns or
individual nutrients may slow the progression of sarcopenia,
thereby improving outcomes related to muscle mass, muscle
strength, and physical function (6-8).

The most effective nutritional factors to preserve muscle
mass and function include protein, vitamin D, fatty acids,
and dietary antioxidants (9, 10). Given that sarcopenia is
characterized by an increase in muscle protein breakdown
and a decrease in muscle protein synthesis, an inadequate
protein intake may aggravate the catabolic state observed in
sarcopenic patients (11). Sarcopenia is also closely related to
vitamin D deficiency. Recent meta-analyses have reported that
co-supplementation with protein, particularly whey protein, and
vitamin D increases muscle strength in patients with sarcopenia
(12, 13). Current epidemiological and clinical data also show
that monounsaturated fatty acids (MUFA), such as oleic acid,
and omega-3 (n-3) polyunsaturated fatty acids (PUFA), such
as eicosapentaenoic acid (EPA), and docosahexaenoic acid
(DHA), might reduce the risk of sarcopenia due to their anti-
inflammatory effects (14, 15).

Several factors contribute to sarcopenia, such as decreased
levels of growth hormone (GH), insulin-like growth factor 1
(IGF-1), and testosterone, as well as immunological changes
characterized by increased levels of interleukin 1 (IL-1),
interleukin 6 (IL-6), tumor necrosis factor-alpha (TNF-a),
and myostatin (16). Systemic chronic low-grade inflammation
associated with aging (i.e., inflammaging) may contribute
to the onset and development of sarcopenia. High levels of
pro-inflammatory cytokines inhibit skeletal muscle protein
synthesis, increase protein catabolism, and impair skeletal
muscle function. Furthermore, inflammaging is closely
interconnected with oxidative stress and anabolic resistance,
exacerbating the loss of muscle mass, strength, and function
(17, 18). Notably, sustained oxidative damage is accompanied
by mitochondrial dysfunction, which enhances the loss of
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proteostasis in skeletal muscle cells (19, 20). Myocytes, as post-
mitotic cells, are particularly susceptible to oxidative damage,
leading to the accumulation of oxidatively damaged molecules.
Additionally, the high oxygen consumption of skeletal muscles
increases the production of mitochondria-derived reactive
oxygen species (ROS). Therefore, oxidative stress contributes
to sarcopenia by altering muscle fiber composition, especially
affecting type II fibers, and impairing mitochondrial quality
control processes, such as mitophagy, the unfolded protein
response (UPR), and degradation by the ubiquitin-proteasome
system. Moreover, the absence of key antioxidant enzymes,
such as peroxiredoxin 6 (Prdx6), increases oxidative stress,
leading to telomere shortening and exacerbating muscle atrophy
(16,21,22).

Polyphenols are a large family of plant compounds widely
present in fruits, vegetables, and certain beverages. These
compounds can be broadly classified into two categories:
flavonoids and nonflavonoids. However, based on their
distinctive structures (e.g., number of phenol units, substituent
groups, and linkages between phenol units), flavonoids
are further divided into six subclasses, such as flavanones,
flavonols, flavones, isoflavones, anthocyanins, and flavan-3-
ols. Nonflavonoids, on the other hand, include phenolic acids,
stilbenes, and lignans (23). Polyphenols exhibit a wide range of
biological activities, including antioxidant, anti-inflammatory,
anti-catabolic, and pro-anabolic effects, which may preserve
muscle health and function (24). Although polyphenols act
primarily as antioxidants and anti-inflammatory compounds,
they can modulate signaling pathways involved in muscle
metabolism, protein turnover, and mitochondrial biogenesis,
thereby improving muscle homeostasis (25). A number
of studies in in vitro and animal models provide evidence
supporting the efficacy of polyphenols in attenuating age-
related muscle loss and dysfunction (26). Resveratrol, a
polyphenol belonging to the stilbene subclass, has been shown
to improve muscle strength and mitochondrial function in
rodents through activation of sirtuin 1 (SIRT1) and AMP-
activated protein kinase (AMPK) pathways, demonstrating that
its anti-inflammatory action may contrast sarcopenia in middle-
aged mice. Furthermore, resveratrol may attenuate sarcopenia
by enhancing autophagy, suggesting it could be a potential
strategy for age-related sarcopenia (27-29). Several flavonoids
have been demonstrated to protect against muscle atrophy
and preserve muscle function in aged animals by modulating
inflammatory cytokines, proteolytic enzymes, and myogenic
regulatory factors (30). This systematic review and meta-
analysis aims to pool current clinical evidence on the effect of
polyphenol supplementation on muscle mass, muscle strength,
and physical performance in individuals with sarcopenia.

Methods

Design

The search strategy, screening, and selection criteria of this
systematic review and meta-analysis were conducted according
to the Preferred Reporting Items for Systematic Reviews and

Meta-Analyses (PRISMA) guidelines (31). The protocol for this
review was registered on PROSPERO (CRD42024556145).

Search Strategy

A systematic search was performed using three databases:
PubMed, Scopus, and Web of Science. The search was
conducted from inception to April 2024. The following
keywords and Boolean operators were used for the literature
search: (“polyphenols” OR “flavonoids” OR «anthocyanins»
OR «flavanols» OR «flavan-3-ols» OR «flavones» OR
«flavonols» OR «flavanones» OR «flavonones» OR
«isoflavones» OR “proanthocyanidins” OR “phenolic acids”
OR “hydroxycinnamic acids” OR “lignans” OR “stilbenes”
OR “tannins” ) AND («sarcopenia» OR «sarcopenic» OR
«muscular atrophy» OR «skeletal muscle atrophy» OR «muscle
mass loss» OR «skeletal muscle loss» OR «muscle mass
atrophy») OR «muscle loss» OR «muscle frailty» OR «muscle
wasting»). Similar queries were respectively used for controlled
vocabulary search: “polyphenols” [Mesh] AND “sarcopenia”
[Mesh], Indexterms “polyphenols” AND “sarcopenia”.

Eligibility Criteria

Studies were eligible for this systematic review if they
met the following criteria: (1) interventional studies that
evaluated the association between dietary supplementation with
polyphenols or polyphenol-rich foods (for at least 4 weeks with
a standardized dosage) and sarcopenia or suspected sarcopenia;
(2) included only middle-aged and older subjects (=50 years)
diagnosed with sarcopenia; (3) used a sarcopenia diagnosis
that included at least one component: muscle strength, muscle
mass, or physical performance; and (4) were published in
English. Exclusion criteria were: (1) trials without polyphenol
supplementation or a described polyphenol dose; (2) studies
with secondary data (conference abstracts, meta-analyses,
reviews, letters, and case reports); and (3) non-human studies.
The PICOS criteria (participants, interventions, comparisons,
outcomes, and study design) used to define the research
question are shown in Table 1.

Table 1. PICOS criteria for the inclusion of studies

Parameter

Description
Participants Patients with sarcopenia or suspected sarcopenia
Intervention/exposure Dietary polyphenols or polyphenol-rich foods
Comparison Dietary intervention vs control
Outcome Sarcopenia and its components

Study design Interventional studies

This table shows the PICOS criteria for the inclusion of studies investigating the effects
of dietary polyphenols or polyphenol-rich foods on sarcopenia and its components.

Study Selection and Data Extraction

After removing duplicate records with the reference
management software EndNote X9 (Clarivate Analytics,
Philadelphia, PA, USA), the titles and abstracts of retrieved
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Figure 1. Flow chart of systematic literature review
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From 614 articles identified in PubMed, Scopus, and Web of Science, 7 were included in the qualitative analysis, and 5 in the quantitative analysis. Major exclusions were due to study

protocols, no sarcopenia diagnosis, or lack of polyphenol supplementation.

articles were screened for eligibility by two researchers (AM
and SD). If an abstract did not provide sufficient information
for evaluation, the full text was retrieved. Disagreements
were resolved by a third researcher (GS). Articles that met
the eligibility criteria were selected for inclusion in the final
review. A data extraction table for the included studies was
then developed. The following information was extracted:
first author (along with the year of publication and country of
the study), study design, participant characteristics (sample
size, age, sex), sarcopenia definition, type and duration of the
intervention, and outcome measures.

Risk of Bias and Quality Assessment

The risk of bias of the included studies was performed using
the Cochrane Risk of Bias Tool (32). The individualy quality
of each domain was examined, including random sequence
generation (selection bias), allocation concealment (selection
bias), blinding of participants and personnel (performance bias),
blinding of outcome assessment (detection bias), incomplete
outcome data (attrition bias), and selective reporting (reporting
bias). The quality of each study was then graded as high,
moderate, or low based on the following criteria: (1) high
quality if all domains were met (all sources of bias were low
risk) or if one domain was of unclear risk; (2) moderate quality
if one domain was not met (high risk) and one was of unclear
risk, or if two domains were of unclear risk; (3) low quality if
three or more domains were of unclear risk or if two or more
domains were not met (high risk).

Statistical Analysis

Participants who consumed the polyphenol supplements
were assigned to the active group, while those who
consumed the placebo were assigned to the control group.
To compare the effects of the active and placebo groups on
the chosen outcomes, standardized mean differences (SMD)
and the corresponding 95% confidence intervals (95%
CI) were calculated. Heterogeneity among the studies was
assessed using the 12 test and categorized as follows: low
heterogeneity (25-49%), moderate heterogeneity (50-74%),
and high heterogeneity (75-100%) (33). A random-effects
model was applied in the presence of significant heterogeneity,
whereas a fixed-effects model was used when heterogeneity
was not significant. Sensitivity and subgroup analyses were
not performed due to the small number of included studies.
The meta-analysis of the included studies was carried out
using Review Manager software provided by the Cochrane
Collaboration. A p-value of less than 0.05 was considered to be
statistically significant.

Results

Study Selection

The PRISMA flow diagram of this systematic review
and meta-analysis is presented in Figure 1. A total of 414
potentially relevant articles were identified during the initial
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literature searches (PubMed: 251, Scopus: 236, Web of
Science: 127). After removing 270 duplicates, 344 articles
were screened based on titles and abstracts, and 23 full-
text articles were considered for inclusion. Sixteen articles
were excluded for reasons such as study protocol or design,
lack of a sarcopenia diagnosis for all patients, inclusion of
patients aged >50, or absence of polyphenol or polyphenol-
rich food supplementation. Seven articles were included in
this systematic review to examine the effects of polyphenol
or polyphenol-rich food supplementation on muscle mass,
strength, and physical performance in sarcopenic populations
(34-40).

Study Characteristics

The main characteristics of the included studies are shown
in Table 2. The studies were published between 2007 and
2023. The countries where the studies were conducted include
Canada (34), Iran (35), Japan (36, 37), Korea (38), Mexico
(39), and Taipei (40). Most studies included both men and
women, except for one study that included only men (35)
and two studies that included only women (34, 36). Four
studies were placebo-controlled trials (34, 35, 38, 39), two
were randomized controlled trials (36, 37), and one was a
single-arm trial (40). The sample sizes ranged from 18 to 128
subjects. The diagnostic criteria for sarcopenia included the
EWGSOP (39), the AWGS (37, 40), the FNIH (38), and other
criteria (34-36). Four studies used catechin, epicatechin, or
epicatechin with proanthocyanidins as dietary interventions
(35-37, 39), two used isoflavones (34, 40), and one used
marine-derived oligomeric polyphenols (38). One study
included supplementation with amino acids and polyphenols
(37). The duration of the interventions ranged from 4 to 24
weeks. Three studies also incorporated exercise training plans
(resistance or multi-component exercises) with or without
polyphenol supplementation (35-37).

The evaluation of parameters related to sarcopenia (muscle
mass, muscle strength, and physical performance) and the
doses of ingested polyphenols are described in detail below for
each study. Aubertin-Leheudre et al. evaluated only a muscle
mass parameter, the muscle mass index (MMI), calculated as
appendicular fat-free mass (kg)/height (m?). The participants
of this study (n=18; mean age 58 years) ingested 70 mg of
isoflavones per day (active group n=12) or a placebo for 24
weeks (34). Chang et al. assessed two muscle mass parameters:
appendicular skeletal muscle mass and appendicular skeletal
muscle mass index (ASMMI). They also evaluated muscle
strength using handgrip strength and physical performance
using the 5-meter walk. The subjects (n=46; mean age 76)
included in this study consumed 87.2 mg of isoflavones (active
group n=46) e and their derivatives daily for 10 weeks (40).
Kim et al. measured three muscle mass parameters: total muscle
mass (kg), appendicular skeletal muscle mass (ASMM, kg),
and leg muscle mass (kg); two muscle strength values: grip
strength (kg) and knee extension strength (nm); and three
physical performance results: timed up and go (s), usual
walking speed (m/s), and maximum walking speed (m/s).

Out of a total of 128 women included in this study, aged over
75 years, 32 participants ingested 350 mL of a tea beverage
fortified with 540 mg of catechin daily for 3 months (36).
Kwon et al. evaluated three muscle mass parameters: skeletal
muscle mass (SMM), lean body mass (kg), and fat-free mass
index (%FFMI); two muscle strength parameters: right and left
grip strength; and two physical performance parameters: 2.4 m
up and go, and one-leg stand. The dose of marine oligomeric
polyphenols consumed by the participants (active group
n=10, control group n=10; mean age 74 years) was 72 mg.
Mafi et al. investigated the appendicular muscle mass index
(AMMI), calculated as appendicular lean-body mass (kg)/
height (m?). They also assessed two muscle strength parameters
(leg press and chest press) and one physical performance
parameter (timed up and go). In this study, the epicatechin
group (n=17; mean age 68.6) had a daily intake of 1 mg of
epicatechin per kilogram of body weight (1 mg/kg/day) for 8
weeks (35). The study conducted by Munguia et al. evaluated
several muscle strength and physical performance parameters,
including hand strength, 6-minute walk, 2-minute step test, sit-
up test, and up-and-go test. In this randomized, double-blind,
clinical trial, subjects ( n=61, mean age 75.9) were instructed
to consume a flavonoid-rich cocoa beverage (n=34; epicatechin
25 mg; proanthocyanidins 154 mg) once/day for 12 weeks (39).
Finally, Tokuda et al. estimated SMM (kg) to assess muscle
mass, grip strength (kg), and knee extension strength (kg)
to measure muscle strength, whereas gait speed (m/sec) was
used to determine physical performance. Participants allocated
to polyphenol supplementation (n=18; mean age 79 years)
consumed 540 mg of catechins daily for 24 weeks (37).

Risk of Bias and Quality Assessment

The risks of bias in the studies are shown in Figure 2. Most
domains showed a low risk of bias, including random sequence
generation (71.4%), completeness of outcome data (100%), and
selective reporting (85.7%). However, all studies had an unclear
risk of bias for other biases (100%). Blinding of participants
and personnel was low risk in five studies (71.4%), unclear in
one study (14.3%), and high risk in another (14.3%). Allocation
concealment was low risk in three studies (42.9%) and unclear
in four studies (57.1%). Blinding of outcome assessment was
low risk in two studies (28.6%), unclear in four studies (57.1%),
and high risk in one study (14.3%). The overall quality of each
study was also graded, showing that two studies were rated as
high risk (36, 37), two as moderate (35, 39), and three as low
(34, 38, 40).

Meta-Analysis of the Effects of Polyphenols on
muscle mass, strength, and physical performance

Five of the 7 studies were included in the meta-analysis as
the required pooling data were available (34-36, 38, 40). These
studies involved a total of 227 participants. Across the 5 studies
included in the meta-analysis, measurements of muscle mass
parameters were reported. The analysis found a significant
difference in the effect of polyphenol supplementation on
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muscle mass compared to the control condition (SMD =
1.50; 95% CI: 0.26, 2.75; Z = 2.36; P = 0.02), with high
heterogeneity observed among the studies (I = 93%, P <
0.00001), as shown in Figure 3A.

Figure 2. Risk of bias for all included studies

Risk of Bias
Study ABCDETFG
Aubertin-Leheundre etal, 2007 2 2 @ ?2 @ 2?2 ?
Chang et al, 2023 2006 2
Kim et al, 2013 @IS 7
Kwon et al, 2021 ®?2?2728@@ 2
Mafi et al, 2019 PP ?@®S
Munguia et al, 2019 PP ?2@@® 2
Tokuda et al, 2023 PP 7

(A) Random sequence generation (selection bias)

(B) Allocation concealment (selection bias)

(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias)

(E) Incomplete outcome data (attrition bias)

(F) Selective reporting (reporting bias)

(G) Other bias

Risk of bias assessment for seven studies, showing ratings across seven domains (A-G)
where «+» indicates low risk, «—» indicates high risk, and «?» indicates unclear risk.

A total of 4 studies with 209 participants reported measures
of muscle strength parameters. No significant difference was
observed in the effect of polyphenol supplementation compared
to the control condition (SMD = 0.03; 95% CI: -0.24, 0.30; Z
= 0.20; P = 0.84), with no heterogeneity observed among the
studies (I? = 0%, P = 0.47) (Figure 3B). Similarly, 4 studies
reported gait speed as an outcome of physical performance.
Despite an observable trend, combined results from the random-
effects model showed no statistically significant impact
on physical performance parameters following polyphenol
consumption (SMD = 0.52; 95% CI: —0.03, 1.07; P = 0.06),
with moderate heterogeneity among the studies (I> = 70%, P =
0.02) (Figure 3C).

Discussion

This systematic review assessed the effect of polyphenols on
sarcopenia, comprising seven clinical trials with a total of 381
sarcopenic patients. From these seven studies, our meta-analysis
pooled results from five clinical trials to estimate the effect of
polyphenols on outcomes associated with muscle mass, while
four clinical studies were meta-analyzed to evaluate the effect
of polyphenols on muscle strength and physical performance.
The quality of the included studies varied between low and
moderate, with only two studies being assessed as high quality.
Among the five studies that were meta-analyzed to estimate
the effect of polyphenol supplementation on muscle mass
parameters, a significant effect was found in improving indices
related to muscle mass, such as MMI, ASMMI, and AMMI
(34-36, 38, 40). Conversely, the four studies that were meta-
analyzed to evaluate the influence of polyphenols on muscle

strength parameters, such as handgrip strength and chest press,
did not report significant differences between active and control
groups (35, 36, 38, 40). Despite a trend toward statistical
significance, the results of the meta-analysis on physical
performance outcomes did not show a statistically significant
influence of polyphenols on measures such as walking speed,
one-leg stand, and timed up and go (35, 36, 38, 40).

As the required pooling data were not available, two
studies were included in the systematic review but not in the
meta-analysis (37, 39). One of these clinical studies indicates
that regular consumption of a flavanol-rich cocoa beverage
improves physical performance, mobility, and quality of
life in older subjects. These effects were also accompanied
by significant improvements in metabolic, oxidative stress,
and inflammatory biomarkers (39). Indeed, flavonoids are
known for their antioxidant and anti-inflammatory properties.
A population-based analysis of the National Health and
Nutrition Examination Survey (NHANES) found that moderate
consumption of dietary flavonoids is associated with a reduced
risk of frailty in middle-aged and older adults (41). Likewise,
experimental studies have repeatedly demonstrated that
flavonoids and their subclass compounds exert protection
against muscle atrophy in various wasting conditions
(42-44). Flavonoids appear to be effective in improving
mitochondrial function and promoting mitochondrial biogenesis
and mitophagy. Moreover, they may reverse mitochondrial
dysfunction in skeletal muscle by up-regulating the peroxisome
proliferator-activated receptor gamma coactivator-1 alpha
(PGC-1a) signaling pathway (45, 46). The second study
that was not included in the meta-analysis used tea catechins
combined with essential amino acids and resistance exercise
to evaluate the effects of these compounds on skeletal muscle
mass in older adults with sarcopenia. The results of this study
suggest that ingestion of tea catechins improved skeletal
muscle mass more than exercise alone in older subject with
sarcopenia (37). Catechins belong to the flavanol subclass
of flavonoids, and tea, especially green tea, contains high
levels of polyphenolic catechins. The findings of the study
conducted by Tokuda et al., included in this systematic review,
are consistent with previous experimental evidence showing
that green tea polyphenols preserve skeletal muscle atrophy in a
rat model of sarcopenia by attenuating protein degradation and
increasing the expression of anabolic factors (47). Another two
studies included in this review evaluated the effects of catechins
combined with physical exercise, demonstrating that these two
interventions together improve walking ability and muscle mass
in sarcopenic subjects (35, 36).

Isoflavones, flavonoid compounds commonly present in soy
foods and legumes, were used in two clinical studies included
in this review (34, 40). Several experimental studies indicate
that isoflavones, such as genistein and daidzein, may alleviate
skeletal muscle atrophy, prevent protein degradation, promote
myogenic differentiation, and induce myotube hypertrophy
(48-51). A further clinical study included in this review shows
that marine polyphenols may improve skeletal muscle mass,
fat-free mass, and physical ability (one-leg stand) in sarcopenic
individuals (38). Given that inflammation contributes to the
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Figure 3. Pooled analysis of the impact of polyphenol supplementation on (A) muscle mass, (B) muscle strength and (C) physical

performance parameters in sarcopenic subjects

A Polyphenols Control Std. mean difference Std. mean difference
Study or Subgroup Mean sD Total  Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Aubertin-Leheundre et al, 2007 (1)  0.26 0.31 12 -0.27 0.31 6 19.4% 1.63[0.48 , 2.78] —
Chang et al, 2023 (2) 6.3 1 46 6.2 0.9 46 22.7% 0.10[-0.30, 0.51] -
Kim et al, 2013 (3) 13.58 1.51 32 14.11 1.23 32 22.4% -0.38 [-0.87, 0.11] -
Kwon et al, 2021 (4) 0.33 0.04 10 0.12 0.04 10 14.8% 5.03 [3.08 , 6.98] —_—
Mafi et al, 2019 (5) 0.34 0.19 17 -0.001 0.005 16 20.6% 2.44[1.51,3.36] —-—
Total (95% Cl) 17 110 100.0% 1.50 [0.26 , 2.75] P
Heterogeneity: Tau? = 1.74; Chi? = 56.14, df = 4 (P < 0.00001); I> = 93%
Test for overall effect: Z = 2.36 (P = 0.02) 50 5 4
Test for subgroup differences: Not applicable Favours control Favours polyphenols
Footnotes
(1) MMI
(2) ASMMI
(3)ASMM
(4)SMM
(5) AMMI
Polyphenols Control Std. mean difference Std. mean difference
B Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Fixed, 95% ClI IV, Fixed, 95% CI
Chang et al, 2023 (1) 211 6.1 46 21 6.6 46 44.3% 0.02 [-0.39, 0.42] 4L
Kim et al, 2013 (2) 17.11 2.81 32 17.74 3.59 32 30.7% -0.19[-0.68 , 0.30] JE
Kwon et al, 2021 (3) 0.75  11.19 10 039 1119 10 9.6% 0.03[-0.85, 0.91] R
Mafi et al, 2019 (4) 0.3 0.82 17 -0.11 0.78 16  15.3% 0.50[-0.20, 1.19] [ S —
Total (95% Cl) 105 104 100.0% 0.03[-0.24, 0.30]
Heterogeneity: Chi? = 2.55, df = 3 (P = 0.47); I?= 0% ?
Test for overall effect: Z = 0.20 (P = 0.84) 5 4 3 ! )
Test for subgroup differences: Not applicable Favours control Favours polyphenols
Footnotes
(1) handgrip strenght
(2) grip strenght
(3) right grip strenght
(4) chest press
Polyphenols Control Std. mean difference Std. mean difference
c Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Chang et al, 2023 (1) 1.1 0.3 46 1 0.3 46  31.1% 0.33[-0.08 , 0.74] |
Kim et al, 2013 (2) 1.24 0.19 32 1.26 0.2 32 29.0% -0.10 [-0.59 , 0.39] .
Kwon et al, 2023 (3) 10.28 6.65 10 1.64 6.65 10 17.2% 1.24[0.27 ,2.22) -
Mafi et al, 2019 (4) 0.08 0.18 17 -0.14 0.23 16 22.6% 1.04[0.31,1.78] —_—
Total (95% Cl) 105 104 100.0% 0.52[-0.03 , 1.07] o
Heterogeneity: Tau? = 0.21; Chi? = 9.90, df = 3 (P = 0.02); I12= 70%
Test for overall effect: Z = 1.87 (P = 0.06) 4 o 4 3
Test for subgroup differences: Not applicable Favours control Favours polyphenols
Footnotes
(1) 5-meter walk
(2) usual walking speed
(3) one leg stand
(4) timed up & go

Forest plots display the effects of polyphenol supplementation compared to control groups across included studies. Abbreviations: MMI, muscle mass index; ASMMI, appendicular skeletal
muscle mass index; ASMM, appendicular skeletal muscle mass; SMM, skeletal muscle mass; AMMI appendicular muscle mass index

development of sarcopenia, these findings are consistent with
in vitro evidence showing that marine polyphenols present
in brown seaweeds inhibit the production of inflammatory
cytokines in skeletal muscle cells (52).

It is important to highlight that the effects of polyphenols
are not only dependent on their intake but also on their
bioavailability, which is influenced by absorption, metabolism,
and tissue disposition. Moreover, the rate of absorption of these
compounds is influenced by the intestinal microbiota, which,
in older subjects, is characterized by a marked decrease in
microbial diversity and dysbiosis (53). The studies included in
this review did not measure the bioavailability and absorption
rates of polyphenols in their cohorts, and therefore, the results

should be interpreted with caution. Most of the included
studies used a wide variety of dosages of polyphenols and
different treatment durations. Moreover, a preliminary dietary
assessment was performed and reported in only one study (40).
This assessment is crucial to estimate the polyphenol content in
the habitual diet.

Many different diagnostic criteria for sarcopenia were used
in the included studies, such as EWGSOP (European Working
Group on Sarcopenia in Older People), AWGS (Asian Working
Group for Sarcopenia), and FNIH (Foundation for the National
Institutes of Health Sarcopenia Project). Two studies used only
AMMI and FMMI to diagnose sarcopenia in their cohorts (34,
35). The differences in the criteria used to define sarcopenia
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in the included articles may have influenced the level of
heterogeneity observed in this meta-analysis.

Strengths and Limitations

This review has several strengths. First, to our knowledge,
this is the first article to systematically review available clinical
evidence on the effects of polyphenols in sarcopenic subjects.
Second, a robust literature search protocol was developed,
using specific eligibility criteria and controlled vocabulary
queries to comprehensively retrieve relevant studies. Third,
risk of bias and quality assessment were performed to evaluate
the methodological quality of the included studies. However,
this review has also some limitations. The number of studies
included in the systematic review and meta-analysis was
limited. There was a substantial level of heterogeneity in
the pooled analysis of the impact of polyphenols on muscle
mass and physical performance. Subgroup analyses were not
conducted to reduce heterogeneity due to the small number of
included studies.

Conclusions

Although the available data are still insufficient to confirm
that polyphenols may have clinical efficacy against sarcopenia,
the findings of this systematic review and meta-analysis seem
to provide evidence that these compounds have the potential to
counteract some of the main effects of sarcopenia, particularly
muscle mass. However, it is essential to interpret these data
with caution. Future research needs more rigorously designed
clinical studies, including well-powered and long-term trials to
evaluate optimal dosage and treatment duration. Additionally,
given the polyphenol content in habitual diets, preliminary
dietary intake assessments and measurements of intake
biomarkers are needed to determine the specific effects of
polyphenols on sarcopenia.
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