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Abstract

The decline in skeletal muscle mass and strength, also called sarcopenia, accelerates with age, leading to negative
health outcomes and poor quality of life. Diet is important to promote health and plays a key role in muscle aging.
Plant-based foods have recently received attention as sources of phytochemical components to attenuate loss of
muscle mass and strength in older adults. This systematic review and meta-analysis evaluated the benefits of botani-
cal extracts and their phytochemical compounds for muscle health in older adults. Randomized controlled trials were
identified via systematic searches of four electronic databases (PubMed, Cochrane Library, Web of Science, and Kore-
aMed) up to June 2021 and were quality assessed. The results of muscle strength, mass, and physical performance
were pooled using a random-effects model. Fourteen studies involving 528 subjects aged between 50 and 80 years
met the inclusion criteria. Dietary phytochemicals significantly increased handgrip strength [0.90 kg; 95% confidence
interval (Cl) 0.26-1.53, p = 0.01] and physical performance (timed up-and-go test: — 0.5 s, 2.73 times; 95% Cl — 0.84
to — 0.15, p < 0.07; 30-s chair stand test: 95% Cl 0.88-4.59, p < 0.01; 6-min walk test: 29.36 m; 95% Cl 14.58-44.13,p <

older adults.

0.0001) but had no effect on improvement in muscle mass. Publication bias evaluated by funnel plots and Egger’s
regression test demonstrated no evidence of substantial publication bias (p > 0.05). The findings of this systematic
review and meta-analysis suggest that phytochemicals are a potential nutritional strategy to improve muscle health in
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Introduction

With the rapid increase in life expectancy and the num-
ber of older adults over the last century, the number of
older people with age-related diseases and disabilities has
also increased [1]. The loss of skeletal muscle mass (MM)
and function, termed sarcopenia, is a major cause of the
muscle dysfunction and physical inactivity observed with
aging [2]. The prevalence of sarcopenia is approximately
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25% after the age of 60 and increases to almost 50% in
people aged > 80 years [3—5]. The decline in skeletal MM
and muscle strength (MS) cause adverse health outcomes
in older adults, accelerating the risk of muscle dysfunc-
tion, poor quality of life, hospitalization, and even death
[6-10].

Despite recent advances in research on age-related dis-
eases [6, 7], challenges remain in diagnosing and treating
sarcopenia in clinical practice and preventing age-related
decline in muscle health. Exercise is generally considered
the most effective intervention [11]. However, additional
treatment strategies are needed because many older
adults do not meet the physical activity recommendations
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[12]. In this context, several studies have documented the
importance of dietary supplementation with protein and
vitamin D as a countermeasure for sarcopenia [13-18].
According to Cummings et al. [13] oral supplementation
with protein and vitamin D improves skeletal MM and
MS and physical performance, regardless of the level of
physical activity in older sarcopenic patients.

Oxidative damage due to the accumulation of free radi-
cals contributes to aging and age-related phenotypes,
including sarcopenia. Accordingly, several recent in vitro
and in vivo have drawn attention to dietary phytochemi-
cals, either alone [19-21] or in combination [20, 22], as
non-pharmacological strategies for older adults with
low levels of muscle health or sarcopenia. These phyto-
chemicals are predominantly found in fruits, vegetables,
whole grains, nuts, and herbs and may simultaneously act
on multiple cellular targets with anti-inflammatory and
antioxidant activity [23]. The synergistic combination of
various phytochemical extracts in plant-based foods can
provide a wide range of health benefits beyond the basic
nutritional value of a food product [24]. An up-to-date
assessment of the literature on the benefits of botani-
cal bioactive components for improving muscle health
in the older population might promote further research
and clinical studies to support and validate the findings.
Therefore, this systematic review analyzes the current
trends in clinical research of dietary phytochemicals for
sarcopenia and evaluates the effects of supplementation
on MM and muscle function in the older population.

Methods
The internationally accepted preferred reporting items
for systematic reviews and meta-analyses (PRISMA)
guidelines [25] have been followed for all steps in this
research.

Literature search

Four electronic databases (PubMed, Cochrane Library,
Web of Science, and KoreaMed) were searched to iden-
tify clinical trials that investigated the effects of die-
tary phytochemicals on muscle health in older adults.

Table 1 Search strategy
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Keywords were searched by combining MeSH with text
terms related to phytochemicals and sarcopenia. We also
examined previously published systematic reviews and
references cited in the retrieved articles to identify poten-
tially eligible studies. The search results were exported
to a Microsoft Excel sheet, and duplicate articles were
removed. The search strategy and search terms used for
this research are detailed in Table 1.

Study selection

The review included intervention studies published in
English or Korean and a sample size of a least 10 sub-
jects. All studies included a clarification of the exposure
(i.e., type of botanical food, amount, dose, duration of
intervention, and frequency of supplementation) and
evaluated at least one muscle health outcome (skeletal
muscle-related function, body composition, and physical
performance). Intervention studies using phytochemi-
cals or commercial products that did not specify botani-
cal foods were excluded, along with conference abstracts,
reviews, trial protocols, book chapters, studies with no
placebo group, case reports, and opinions or commen-
taries. Studies were required to include healthy subjects
aged > 40 years in both genders. Subjects from all races
or ethnicities and all settings (e.g., local communities,
nursing homes, hospitals) worldwide were considered. A
detailed list of the inclusion and exclusion criteria is pro-
vided in Table 2.

Data extraction

The researchers reviewed all eligible studies, and each
study was given an identifying code. Information on sub-
jects (number of subjects, mean age, country), botani-
cals and phytochemicals (type, duration of intervention),
exercise program (if applicable: type, frequency), and
group (dose, placebo group) was extracted from relevant
studies. Additionally, different muscle health indices
(MM, MS, and performance) were extracted accord-
ing to the guidelines suggested by the European Work-
ing Group on Sarcopenia in Older People (EWGSOP)
[6]. MM, lean mass (LM), fat mass (FM), fat-free mass

Search number

Search term/combinations

#1 [phytochemical (Tiab) or plant-based (Tiab) or extract (Tiab) or herb (Tiab)]
#2 [sarcopenia (Tiab) or muscle weakness (Tiab) or muscle wasting (Tiab) or muscle atrophy (Tiab)]
#3 [muscle mass (Tiab) or muscle strength (Tiab) or physical performance (Tiab) or walking speed

(Tiab) or skeletal muscle index (Tiab) or Timed Up-and-Go test (Tiab)]
#4 [aged (Tiab) or age-related (Tiab) or older adults (Tiab) or elderly (Tiab)]
#5 #1 AND #2 AND #3 AND #4
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Table 2 Inclusion and exclusion criteria for study selection
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Parameter Inclusion criteria Exclusion criteria

Article type Full-text

Study design RCT Conference abstracts; cross-sectional studies; longitudinal
studies; reviews; trial protocols; book chapters; studies with-
out placebo group; case reports; opinions; commentaries

Language English; Korean

Population Healthy adults aged > 40

Sample size > 10 subjects

Exposure Supplementation; dietary phytochemicals available to older

adults clearly described; amount, dosage, frequency, and dura-

tion of intervention clearly described

Primary outcomes
physical performance

Measures of skeletal muscle-related function; body composition;

RCT randomized controlled trial

(FFM), and skeletal muscle index (SMI) were used for
MM assessment. Handgrip strength (HGS) and knee
extension strength (KES) were recorded to assess MS
changes. Results obtained from the timed up-and-go
(TUQG) test, 6-min walk test (6MWT), 30-s chair stand
test (30-SCST), one-leg standing time (OLST), and
2-min step test (2MST) were recorded to evaluate muscle
performance.

Risk of bias and study quality assessment

The risk of bias was assessed using the revised version of
the Cochrane risk of bias tool (RoB 2.0), which consists of
a fixed set of bias categories [26]. The researchers evalu-
ated five specific categories as ‘high risk of bias, ‘low risk
of bias, or ‘some concerns’ to establish the overall risk of
bias: (i) bias arising from the randomization process; (ii)
bias due to deviation from intended interventions; (iii)
bias due to missing outcome data; (iv) bias in the meas-
urement of the outcome, and (v) bias in the selection of
reported results. The researchers could also present per-
sonal judgment about the risk of bias in each category,
which is reflected in the overall judgment value.

Statistical analysis

All outcomes were meta-analyzed when at least two
studies provided data. Outcomes, measured as the mean
change from baseline to endpoint of the intervention
study between the treatment and placebo groups, were
considered continuous variables. The mean changes were
calculated to determine the size effect of the outcomes.
Effect sizes from each study were combined into a pooled
effect size, weighted by the number of subjects. If the
standard deviation of the difference was not available
from the study, it was calculated by assuming a specific
correlation coefficient.

Forest plots were represented to visually evaluate the
changes in each variable and the corresponding 95% con-
fidence interval (CI) throughout the studies. Heterogene-
ity (between-study variation) was evaluated using the I?
statistic [27]. It was considered low if 7 < 30%, moderate
if 7 = 30-75%, and high if P > 75% [28]. The random-
effects model was used to account for the heterogeneity
among studies. The significance level was set at p < 0.1.
The publication bias was examined using funnel plots
and Egger’s test [29]. No publication bias was considered
when p > 0.05. In addition, a sensitivity analysis was per-
formed by excluding single studies one by one to examine
their effect on the meta-analysis results.

Statistical analysis was performed using the meta-pack-
age of R software version 3.6.3 [30] with the standard
methods recommended by the Cochrane Collaboration.
The significance level was set at p < 0.05.

Results

Included studies

The PRISMA flow diagram summarizes the study selec-
tion process (Fig. 1). The search yielded 305 articles.
After removing duplicates (n = 82) and screening the
remaining articles (n = 225) by title and abstract, with
three additional articles identified through manual
searches, 197 were excluded as irrelevant. Twenty-eight
full-text articles were screened for further assessment
based on the inclusion and exclusion criteria. Of these, 15
that were eliminated were conference abstracts (n = 8),
included unhealthy subjects (e.g., patients with cancer,
arthritis, peripheral artery disease) (n = 3), included
subjects aged < 40 years (n = 2), and used non-botani-
cal food (n = 2). The remaining 13 studies were eligible
for qualitative analysis and quantitative analysis [31-43].
One study included two separate trials of different age
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Records identified through database
- searching (n = 305)
2 + PubMed (n = 41)
g « Cochrane Library (n =117)
’:g + Web of Science (n = 88)
8 * KoreaMed (n = 59)
- Records after duplicates removed
(n=82)
—
Vo v
o R Title/abstract screened Records excluded by title and
c (n =225) abstract review (n = 197)
[=
3 " o + Unhealthy subjects (n = 111)
[9)
5 Additional records identified | | « Invivo or in vitro study (n = 52)
2 through manual search (n = 2) Y + Non-RCTs (n = 24)
_J Full-text articles assessed + Absence of muscle-related
PR, for eligibility outcomes (n = 10)
(n=28)
> . .
= > Full-text articles excluded, with
E, ¥ reasons (n = 15)
= Articles included in qualitative . Soﬂfe"lter?ce at?StrtaCE (n :3?)
thesis (n =13 + Unhealthy subjects (n =
— synthesis (n ) * Age <40 years (n = 2)
— » Not a botanical supplement (n = 2)
.GUJ
E Articles included in quantitative
2 synthesis (meta-analysis)
= (n = 13) (14 studies)
Fig. 1 PRISMA flow diagram for the literature search

groups, and these trials were included as independent
randomized control trials (RCTs) in this analysis [40].

The risk of bias was performed in all included stud-
ies (Fig. 2). Overall, there was a low risk of bias across
all domains, particularly for bias in selecting reported
results and bias arising from the randomization process.
Two studies [39, 41] were observed to have a high risk for
overall bias. One of these studies [41] did not analyze dif-
ferences between groups at baseline and did not conduct
appropriate statistical analysis without considering base-
line characteristics and covariates. Additionally, the study
by Schrager et al. [39], which used carrot juice as the pla-
cebo, was assessed as having a high risk of other bias due
to the potential of the ingredients supplemented by the
placebo group to affect the study outcomes. All studies
reported all of the result data described in the methodol-
ogy regarding the selection of reported results.

Descriptive characteristics of studies

A summary of the demographic data and study character-
istics of the included RCTs is given in Table 3. The total
number of subjects from the included studies was 528,
with study sample sizes ranging from 12 to 73 subjects.
The age ranged from 49.8 + 4.7 to 80.2 £ 5.6 years. All
studies were RCTs of parallel designs, except for one
cross-over design study. Eleven studies included healthy
older subjects (both men and women), and three studies

included only female subjects (obese or postmenopau-
sal women). In six studies [32, 34, 35, 38, 41, 43], some
subjects were assigned to an exercise group (e.g., aqua
exercise program, resistance training program, walking
exercise program) during the intervention period, while
the other eight conducted phytochemical interventions
without exercise programs [31, 33, 36, 37, 39, 40, 42].
The locations of the nine studies conducted in Asia, were
Korea (n = 4), Japan (n = 3), India (n = 1), and Thai-
land (n = 1) [31-36, 38, 41, 42], while two each were
based in the USA [39, 40] and Canada [37, 43]. The dura-
tion of intervention was 6 [39], 8 [36, 42], 12 [31, 33-35,
38, 40, 41], 16 [32], and 24 weeks [37, 43]. As an indica-
tor of muscle health, MM was measured in eight studies
[32, 34, 35, 37, 40-43], MS was measured in twelve stud-
ies [31-36, 38—41, 43], and physical performance was
assessed in ten studies [31, 32, 34—36, 38, 40, 41, 43].

The effect of dietary phytochemicals on muscle health

in older adults

Meta-analysis was performed according to the EWG-
SOP guidelines [6], considering MM, MS, and perfor-
mance as muscle health indicators in older adults. MM,
LM, FM, and FFM were used for MM assessment. HGS
and KES were used to assess MS changes. TUG, 6MWT,
30-SCST, OLST, and 2MST were recorded to assess mus-
cle performance.
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(A)

Kinoshita et al. 2020

Park et al. 2020

( ) Bias arising from the randomization process |

Bias due to deviation from intended intervention |

Varma et al. 2021

Lim et al. 2017

Kim etal. 2013

Wattanathorn et al. 2012

Aubertin-Leheudre et al. 2007

Bias in measurement of the outcome | I

Bias due to missing outcome data | |

Bias in selection of reported results |

Overall bias | I

0% 25% 50% 75% 100%

| D Low risk of bias

D Some concerns . High risk of bias |

Ha etal. 2019

Schrager et al. 2015
Munguia et al. 2019 (study 1)
Munguia et al. 2019 (study 2) Judgement

Kim et al. 2017

Terauchi et al. 2014
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Fig. 2 Risk of bias assessment for randomized controlled trials. A Risk of bias summary and B risk of bias graph

Muscle strength

The effects of dietary phytochemicals on MS was
assessed using HGS and KES (Fig. 3). The HGS results
showed a moderate increase in subjects who supple-
mented with phytochemicals compared to those on
placebo (n = 12; 0.90 kg; 95% CI 0.26-1.53, p = 0.01),
and there was low heterogeneity (> = 0%; p = 0.65)
[31-36, 38—41, 43]. In contrast to the HGS data, there
was no significant effect of phytochemicals on KES (n
= 3; -0.07 Nm; 95% CI — 5.28 to 5.13, p = 0.98), and
there was significant heterogeneity among studies (I =
71.7%; p = 0.03) [32, 34, 35].

Muscle mass

The effects of dietary phytochemicals on MM were
evaluated using MM, FM, and LM (Fig. 4). Overall, die-
tary phytochemicals were ineffective for improving the
MM (n = 5; 0.08 kg; 95% CI — 0.64 to 0.80, p = 0.82;
I* = 0%) [32, 34, 35,41, 42], FM (n = 4; — 0.33 kg; 95%
CI — 2.13 to 147, p = 0.72; I* = 0%) [34, 37, 41, 42],
and LM (n = 3; 0.28 kg; 95% CI — 0.56 to 1.13, p =
0.51; I = 0%) [34, 42, 43].

Physical performance
The effects of dietary phytochemicals on the physi-
cal performance were evaluated using TUG, 30-SCST,
and 6MWT (Fig. 5). TUG scores were significantly
decreased in the phytochemical group compared to those
who received placebo (n = 6; — 0.5 s; 95% CI — 0.84
to — 0.15, p < 0.01; I* = 18.5%) [34, 35, 38, 40, 41]. By
contrast, the 30-SCST was improved in those who sup-
plemented with phytochemicals (n = 5; 2.73 times; 95%
CI 0.88-4.59, p < 0.01; P = 67.4%) 36, 38, 40, 41, 43].
Similarly, a significant improvement was found in the
phytochemical group regarding 6MWT (n = 4; 29.36 m;
95% CI 14.58-44.13, p < 0.0001; > = 0%) [34, 36, 38, 40].
Publication bias was assessed by funnel plots and Egg-
er’s regression test (Fig. 6). Visual inspection of all funnel
plots did not reveal significant asymmetry. Likewise, Egg-
er’s linear regression tests did not identify any evidence
of obvious reporting bias among the comparisons.

Subgroup analysis

Subgroup analysis was performed according to mean
age, duration of the intervention, and origin of the
population studied (Table 4). Regarding the mean age
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(A) Handgrip strength (kg)

Test for overall effect: Z=2.77 (P < 0.01)

(B) Knee extension strength (Nm)

Intervention Control Mean Difference Mean Difference
Study Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% Cl
Park et al. 2020 -020 3.41 24 090 399 21 84% -1.10[-3.28; 1.08] —8
Kim et al. 2017 -1.00 9.21 6 -1.00 6.76 6 0.5% 0.00[-9.14; 9.14] —
Kinoshita et al. 2020 -040 3.58 37 -050 356 36 150% 0.10[-1.54; 1.74] —'—
Munguia et al. 2019 (study 1) 0.30 490 20 010 525 20 41% 0.20[-2.95 3.35) ——
Varma et al. 2021 0.20 14.72 15 0.00 12.78 15 04% 0.20[-9.67;10.07] —
Lim et al. 2017 0.78 3.10 18 038 320 18 95% 0.40[-1.66; 2.46] -'-
Wattanathorn et al. 2012 0.74 899 15 0.14 6.59 15 1.3% 0.60[-5.04; 6.24] —*—
Kimetal. 2013 0.70 3.09 32 -010 3.82 32 139% 0.80[-0.90; 2.50] *"-
Choquette et al. 2012 400 4.00 10 3.00 3.00 12 45% 1.00[-2.00; 4.00] B
Ha et al. 2019 1.00 158 10 -0.70 0.93 8 293% 1.70[0.53; 2.87] =
Munguia et al. 2019 (study 2) 3.10 230 34 120 420 27 129% 1.90[0.14; 3.66] -
Schrager et al. 2015 7.90 16.47 13 0.62 11.62 7 0.3% 7.28[-5.14;19.70] —
Total (95% Cl) 234 217 100.0% 0.90[0.26; 1.53] +
Heterogeneity: Tau® = 0; Chi” = 8.68, df = 11 (P = 0.65); I* = 0% [0%; 58%] 2'0 1‘0 . 1'0 2'0

Intervention Control Mean Difference Mean Difference
Study Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Kimetal. 2013 792 895 32 441 1111 32 332% -3.51[-8.45; 1.43] —
Kinoshitaetal. 2020 090 6.92 37 290 6.75 36 405% -200[-5.14; 1.14] —
Lim et al. 2017 1.44 10.14 18 -579 1056 18 263% 7.23[0.47;13.99] ——
Total (95% ClI) 87 86 100.0% -0.07 [-5.28; 5.13] -
Heterogeneity: Tau® = 14.8644; Chi* = 7.06, df = 2 (P = 0.03); I> = 72% [4%; 92%] ! : L '
Test for overall effect: Z =-0.03 (P = 0.98) -20 -10 0 10 20

Fig. 3 Forest plots for the effect of dietary phytochemicals on muscle strength

of the subjects, subgroups were assessed based on
‘older adult’ criteria, typically defined as 65 years old or
older [44, 45]. HGS did not change in subjects aged >
65 years (n = 6; 1.24 kg; 95% CI 0.49-1.99, p < 0.001;
I = 0%), while the original effect changed in subjects
aged < 65 years (n = 6; 0.02 kg; 95% CI — 1.17 to 1.21,
p < 097; > = 0%). These results were consistent in
TUG, 30-SCST, and 6MWT.

Regarding the intervention duration, three sub-
groups were assessed based on the median value of the
intervention period; (i) <12 weeks, (ii) 12 weeks, and
(iii) > 12 weeks. HGS and 30-SCST results remained
unchanged in subjects who supplemented with phyto-
chemicals for 12 weeks (HGS: n = 8; 1.02 kg; 95% CI
0.31-1.74, p = 0.01; > = 0%; 30-SCST: n = 3; 2.97
times; 95% CI 0.66-5.29, p = 0.01; > = 0%). Simi-
larly, no difference was found in those who supple-
mented with phytochemicals for < 12 weeks (HGS: n
= 2;1.74 kg; 95% CI — 3.39 to 6.88, p = 0.51; P = 0%;
30-SCST: n = 1; 2.26 times; 95% CI — 3.58 to 8.10, p
= 0.45) or > 12 weeks (HGS: n = 2; 0.30 kg; 95% CI
— 1.13 to 1.74, p = 0.68; > = 0%; 30-SCST: n = 1;
1.00 times; 95% CI — 4.04 to 6.04, p = 0.70). There was

insufficient data to perform subgroup analysis for TUG
and 6MWT.

Concerning the study population, nine studies were
conducted in Asia [31-36, 38, 41, 42] and four in the
USA [39, 40] or Canada [37, 43]. HGS, 30-SCST, and
6MW'T evaluations were not changed in both popula-
tions. However, while the TUG results had not changed
in the USA or Canada, the original effect had changd in
the Asian countries. There were insufficient data to per-
form further subgroup analyzes based on gender or dose
of phytochemicals.

Discussion

This systematic review and meta-analysis analyzed the
current trends in clinical research of dietary phytochemi-
cals for the treatment of sarcopenia and, secondly, evalu-
ated the benefits of phytochemical supplementation on
muscle health in older adults (>40 years). The findings
demonstrated that dietary phytochemicals exerted over-
all significant effects on MS (HGS) and physical perfor-
mance (TUG, 30-SCST, and 6MWT) when pooling the
results of included studies. Although the MM (MM,
FM, and LM) results did not confirm any significant
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Intervention Control Mean Difference Mean Difference
Study Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Kim et al. 2017 0.00 5.88 6 080 3.92 6 1.6%  -0.80[-6.45; 4.85]
Kinoshita et al. 2020 -0.20 3.32 37 020 3.31 36 225% -040[-1.92;1.12] —-:5—
Kimetal. 2013 -0.19 2.93 32 012 237 32 30.7%  -0.31[-1.61;0.99] -
Terauchietal. 2014  0.30 0.98 6 -0.10 1.22 6 33.2% 0.40 [-0.85; 1.65] .
Limet al. 2017 1.77 3.20 18 0.53 3.20 18 11.9% 1.24 [-0.85; 3.33] T
Total (95% ClI) 99 98 100.0% 0.08 [-0.64; 0.80]
Heterogeneity: Tau® = 0; Chi’ = 2.25, df = 4 (P = 0.69); I” = 0% [0%; 79%] o '5 ; 5‘ 1'0

Test for overall effect: Z=0.22 (P = 0.82)

(B) Fat mass (kg)

Intervention Control Mean Difference Mean Difference
Study Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
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Aubertin-Leheudre et al. 2007 -0.92 4.35 14 -0.46 745 10 123% -046[-5.61;4.69] ——
Kim et al. 2017 0.00 4.09 6 000 3.12 6 192% 0.00[-4.12;4.12) ——
Terauchi et al. 2014 -0.11 2.18 6 -0.11 218 6 53.4% 0.00 [-2.47; 2.47) —-‘-—
Total (95% ClI) 44 40 100.0% -0.33[-2.13; 1.47] +

Heterogeneity: Tau® = 0; Chi = 0.48, df = 3 (P = 0.92); I = 0% [0%; 85%)]

Test for overall effect: Z = -0.36 (P = 0.72) -10 -5 0 5 10
(C) Lean mass (kg)
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Terauchi et al. 2014 0.25 0.98 6 -0.10 1.04 6 541% 0.35[-0.79; 1.49]
Limetal 2017 2.06 3.90 18 054 395 18  10.8% 1.52 [-1.04; 4.08]
Total (95% ClI) 34 36 100.0% 0.28 [-0.56; 1.13]
Heterogeneity: Tau® = 0; Chi® = 1.35, df = 2 (P = 0.51); I = 0% [0%; 90%)] '
Teat far averall effect 7 = 0 AR (P = N A1) -10 -5 0 5 10

Fig. 4 Forest plots for the effect of dietary phytochemicals on muscle mass

improvement, the overall results supported the benefits
of phytochemicals on muscle health in healthy older
adults.

We included 14 prospective studies in our meta-analy-
sis and extracted data according to their characteristics.
Across these studies, we identified three different types of
outcomes related to muscle health, MM, MS, and physi-
cal performance. The most studied indicator of muscle
health in older adults was HGS. Among the 12 studies
that measured HGS data, 11 suggested that supplementa-
tion with phytochemicals increased HGS in older adults
compared to placebo groups. Due to a sufficient number
of studies focusing on this outcome, a meta-analysis was
performed. It indicated that the phytochemicals group
improved HGS by 0.9 kg compared to the placebo group
after the intervention period. However, this result varies
with the age of the subjects, indicating that age seems to
impact the results. Notably, HGS increased significantly

in the phytochemical group among subjects aged >
65 years. Previous studies showed a strong association
between HGS and nutritional supplements, particularly
protein, vitamin D, and amino acids, in older adults aged
> 65 years [46-50]. However, the results did not vary
with the origin of the population (Asia vs. America or
Canada) or intervention periods.

Fourteen studies were of high quality, and all major
domains had a low risk of bias. The high risk of bias in
certain trials was due to the inappropriate statistical
analysis without considering baseline characteristics
and covariates [41] and the probability that placebo
ingredients will affect the outcome [39]. In addition,
although all studies stated that allocation was randomly
generated and concealed, detailed descriptions of the
methods used were not clearly mentioned, which raised
uncertainty about the outcomes and made judgments
about the risk of bias unclear. Therefore, the accuracy
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(A) Timed up-and-go test (s)

Test for overall effect: Z=-2.81 (P < 0.01)

(B) 30s-chair stand test (times)

Intervention Control Mean Difference Mean Difference
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Munguia et al. 2019 (study2) -090 1.17 34 -040 088 27 30.1% -0.50[-1.01; 0.01] £
Munguia et al. 2019 (study 1) -0.70 1.05 20 -0.30 1.80 20 124% -0.40[-1.31; 0.51] —-E-——
Kim et al. 2017 -0.05 0.58 6 -0.47 0.91 6 136% 042[-0.45; 1.29] ——
Total (95% ClI) 120 111 100.0% -0.50 [-0.84; -0.15] : l’ : : [

Heterogeneity: Tau® = 0.0349; Chi* = 6.14, df = 5 (P = 0.29); I = 19% [0%; 63%)]

Test for overall effect: Z=3.89 (P < 0.01)
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Study Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% Cl
Wattanathorn et al. 2012 266 129.66 15 3.93 127.01 15 26% -1.27[-93.12; 90.58] :
Lim et al. 2017 -5.53 4035 18 -22.39 4366 18 289% 16.86[-10.60; 44.32) ——-'7—
Munguia et al. 2019 (study 2) 42.50 58.31 34 1250 2598 27 455% 30.00[ 8.09;51.91] —5—
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Fig. 5 Forest plots for the effect of dietary phytochemicals on physical performance

of these findings might be limited, and interpretation
should be made with caution.

To the best of our knowledge, this is the first system-
atic review and meta-analysis to evaluate the effect of
dietary phytochemicals on age-related muscle health
using RCTs. Botanical foods have been widely used
in traditional medical remedies to treat diseases and
provide various health benefits. A wide array of phyto-
chemicals has been identified in medicinal plants, such
as flavonoids, phenolic acids, carotenoids, and anthocy-
anins, which have diverse biological activities, including
anti-inflammatory, antioxidant, anticancer, immune,
and neuroprotective effects [51]. To date, although
studies of the effectiveness of dietary phytochemicals

on muscle health in animals and in vitro are numer-
ous and promising, studies in humans are still very
few. Thus, the current review is meaningful in that it
emphasizes the need for human intervention studies to
demonstrate the effects of phytochemicals on muscle
health.

Some limitations were identified in this systematic
review. First, the various interventions included in the
review led to heterogeneity between studies, which may
be because of clinical diversity or methodological diver-
sity (e.g., variabilities in the study design, diversified
biases). Thus, we performed the meta-analysis with a
random effect model to incorporate heterogeneity. Sec-
ond, inadequate statistical power for subgroup analyses
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Fig. 6 Funnel plots of studies examining the effects of dietary phytochemicals on muscle health in older adults

was noted. Several subgroups (such as intervention
durations for HGS) included a small number of RCTs
(less than three), which may not have adequate power
for detecting differences among subgroups. Thus, the
results of such subgroup analyses should be cautiously
interpreted. Third, the results included in this review
did not include biomarkers, such as gene expression
related to protein synthesis and degradation. Although

this may have provided further insights given the sug-
gested mechanisms of action of botanical treatments,
there were insufficient RCTs that included biomarkers
as the primary outcome of human subjects to perform
systematic reviews. Nevertheless, the findings could
still provide insights into the effects of phytochemicals
in plant-based foods on muscle health in older adults as
a non-pharmaceutical strategy.
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Table 4 Subgroup analyses of mean changes in muscle strength for HGS and physical performance for TUG, 30-SCST, and 6MWT

Changes in HGS (kg) Changes in TUG (s)
n Effect (95% Cl) p? 2 (%) P° n Effect (95% Cl) P2 12 (%) p?
Mean age
> 65 years 1.24(0.49,1.99) 0.001 0 0.52 3 — 0.66 (— 1.06, — 0.26) 0.001 0 0.63
<65 years 0.02(=1.17,1.21) 0.970 0 0.90 3 —025(—091,041) 0460 48 0.15
Origin of the population
Asia 8 0.74 (0.02, 1.45) 0.040 0 0.54 4 —051(=1.11,0.09) 0.090 51 0.11
America or Canada 4 146 (0.10, 2.82) 0.040 0 0.62 2 —048(—0.92,—0.03) 0.040 0 0.85
Duration of the intervention
<12 weeks 2 1.74 (— 3.39,6.88) 0510 0 034 0 NA
12 weeks 8 1.02 (031, 1.74) 0.005 0 047 6
>12 weeks 2 0.30 (— 1.13,1.74) 0.680 0 061 0
Changes in 30-SCST (times) Changes in 6MWT (m)
n Effect (95% Cl) p? 2 (%) p° n Effect (95% Cl) p? 12 (%) p°
Mean age
> 65 years 2 3.28(0.64,5.92) 0.010 91 0.001 2 35.79(17.94,53.65) 0.000 0 0.37
<65 years 3 1.36 (— 1.76,4.48) 0.390 0 094 2 15.37 (— 10.94, 41.69) 0.250 0 071
Origin of the population
Asia 3 4.13(2.39,5.87) 0.000 9 033 3 28.76 (4.83,52.70) 0.020 20 0.28
America or Canada 2 1.98 (1.28, 2.68) 0.000 0 0.70 1 30.00 (8.09,51.91) 0.007 - -
Duration of the intervention
<12 weeks 1 2.26 (—3.58,8.10) 0450 - - 0 NA
12 weeks 3 2.97 (0.66, 5.29) 0.010 83 0.001 3
> 12 weeks 1 1.00 (— 4.04, 6.04) 0.700 - - 1

NA not available
@ p-value from the overall effect size test
b p-value from the heterogeneity test
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