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Abstract

Background Sarcopenia is a chronic disease marked by gradual muscle system and functional decline. Prior research
indicates its prevalence in those under 60 varies from 8 to 36%. There is limited evidence on the effectiveness of non-
pharmacological interventions for sarcopenia prevention in menopausal women aged 40-60. This study examines the
influence of such interventions for sarcopenia prevention on these women.

Methods PubMed, EMBASE, Medline, Cochrane Library, CINAHL, PEDro, and Alriti Library were searched

from inception until May 5, 2023. Randomized controlled trials that examined exercise, vitamin D and protein
supplementation effects on muscle mass, strength, and physical function. Quality assessment used the Cochrane risk
of bias tool, and analysis employed Comprehensive Meta-Analysis version 2.0.

Results A total of 27 randomized controlled trials, involving 1,989 participants were identified. Meta-analysis results
showed exercise improved lean body mass (SMD=0.232, 95% CI: 0.097, 0.366), handgrip strength (SMD=0.901, 95%
C1:0.362, 1.441), knee extension strength (SMD=0.698, 95% (/. 0.384, 1.013). Resistance training had a small effect on
lean body mass, longer exercise duration (> 12 weeks) and higher frequency (60-90 min, 3 sessions/week) showed
small to moderate effects on lean body mass. Vitamin D supplementation improved handgrip strength (SMD=0.303,
95% (- 0.130, 0.476), but not knee extension strength. There was insufficient data to assess the impact of protein
supplementation on muscle strength.

Conclusions Exercise effectively improves muscle mass, and strength in menopausal women. Resistance training
with 3 sessions per week, lasting 20-90 min for at least 6 weeks, is most effective. Vitamin D supplementation
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enhances small muscle group strength. Further trials are needed to assess the effects of vitamin D and protein

supplementation on sarcopenia prevention.

Registration number This review was registered on PROSPERO CRD42022329273.
Keywords Menopausal women, Exercise training, Vitamin D, Protein, Sarcopenia, Systematic review

Background

The transition into menopause is associated with a
decrease in the production and circulation of estrogen,
which is a naturally occurring antioxidant in the body.
This reduction leads to oxidative stress in various body
tissues, including skeletal muscle, resulting in negative
effects on muscle protein synthesis and mitochondrial
dysfunction, these factors contribute to the loss of muscle
mass and strength [2]. Sarcopenia is a chronic condition
characterized by a progressive and degenerative loss of
muscle mass, strength, and physical functional perfor-
mance [1]. Menopause is a natural process that occurs in
all women during their final menstrual period, typically
between the ages of 40 and 60, and is characterized by a
decrease in estrogen production and hormonal status [3].
On average, women experience a loss of approximately
0.6% of muscle mass in their 30s, and the rate of decline
in muscle mass and muscle strength is even higher after
the age of 50 [4]. Orprayoon et al. estimated the preva-
lence of pre-sarcopenia to be around 12% among meno-
pausal women under the age of 65 [5]. Moreover, the
presence of sarcopenia is associated with a negative
impact on mental health, leading to a loss of self-confi-
dence and social isolation, ultimately reducing the overall
quality of life [6, 7]. Sarcopenia indirectly contributes to
an increased risk of disability, reduced independence, and
being bedridden, all of which are public health concerns
and place a financial burden on healthcare and social care
services [8]. Therefore, implementing health promotion
and preventive interventions for sarcopenia is essential
for public health.

The Asian and European Working Group for Sarcope-
nia supports non-pharmacological interventions such as
exercise and nutrition as fundamental strategies. These
interventions include exercise training, vitamin D sup-
plementation, and protein supplementation to enhance
motor neuron activity, maintain muscle elasticity, pre-
serve muscle mass, rebuild muscle strength, and attenu-
ate the progression of sarcopenia [1, 9].

Exercise training can enhance muscle activation,
release inflammatory and hormonal substances, and acti-
vate skeletal muscle satellite cells [10, 11]. These mecha-
nisms promote the muscle regeneration process, muscle
protein synthesis, and help prevent muscle hypotrophy
or muscle fiber hypoplasia [10, 11]. As a result, exer-
cise training increases the cross-sectional area of mus-
cles, improves muscle strength, and enhances physical

functional performance [10, 11]. Vitamin D supplemen-
tation plays a crucial role in delaying skeletal muscle
aging and increasing muscle protein synthesis. Vitamin D
deficiency is associated with a risk of decreased muscle
mass and strength, gait deficits, and an increased risk of
falling [12]. Dietary protein intake is essential for enhanc-
ing muscle strength, muscle protein synthesis, and the
growth factors involved in regulating skeletal muscle
function and bone remodeling [13]. Therefore, non-
pharmacological interventions are ideal goals to prevent
or improve sarcopenia in menopausal women and should
not be ignored.

Several systematic reviews and meta-analyses con-
ducted between 2000 and 2023 have investigated non-
pharmacological interventions to delay or prevent
sarcopenia in post-menopausal women. Rubio-Arias
et al. conducted a systematic review and meta-analysis
based on data from five randomized controlled trials
(RCTs) involving post-menopausal women aged 55 to 75
[14]. The studies included 8 to 32 weeks of whole-body
vibration training and revealed no significant effect on
lean body mass. Marin-Cascales et al. conducted a sys-
tematic review and meta-analysis based on data from 15
studies [15]. The analysis focused on post-menopausal
women aged 65 and older who underwent 12 to 48 weeks
of multi-component exercise training. The findings indi-
cated beneficial effects in increasing or preventing the
loss of muscle mass, although high heterogeneity among
the studies was noted. Thomas et al. conducted a sys-
tematic review and meta-analysis based on data from 26
studies that included post-menopausal women aged 50 to
80 [16]. The analysis focused on the effects of 16 weeks
of resistance exercise training on lean body mass, and it
showed enhancements in lean body mass. Tabrizi et al.
reported a meta-analysis based on 12 studies involving
post-menopausal women aged 45 to 86 [17]. The studies
investigated the effects of daily intake ranging from 10
international units (IU) to 50,000 IU of vitamin D sup-
plementation for 12 to 96 weeks. The findings showed
no significant effect on the timed up and go test, which
assesses mobility. Abshirini et al. conducted a meta-
analysis based on 29 RCTs involving post-menopausal
women aged 65 and older. The studies examined the
effects of daily or weekly intake of vitamin D2 or vitamin
D3 supplementation ranging from 1,000 IU to 100,000 IU
for 1 to 60 months [18]. The analysis showed no beneficial
effect on handgrip strength and the timed up and go test.
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Zhang et al. conducted a meta-analysis based on 13 RCTs
involving post-menopausal women aged 45 to 99 [19].
The studies evaluated the effects of daily or weekly intake
of vitamin D2 or vitamin D3 supplementation ranging
from 1,000 IU to 100,000 IU for 3 to 60 months. The find-
ings showed a beneficial effect on handgrip strength but
no significant effect on the timed up and go test.

These systematic reviews and meta-analyses provide
insights into the effectiveness of non-pharmacological
interventions and vitamin D supplementation in post-
menopausal women with sarcopenia. Previous meta-
analyses on exercise regimes for postmenopausal women
have had methodological issues, resulting in uncertain
protocols. Both vitamin D and protein seem to offer ben-
efits for muscle health in postmenopausal older women,
yet the effects of menopause on muscle changes have not
been comprehensively investigated. Middle-aged women,
undergoing menopausal transition, have exhibited varia-
tions in muscle morphology. Nevertheless, no prior
review has thoroughly examined non-pharmacological
interventions for middle-aged women. Thus, this system-
atic review and meta-analysis aims to analyze the influ-
ence of exercise, vitamin D, and protein on sarcopenia,
specifically in menopausal women aged 40 to 60 needs to
be explored and seems warranted. The study will employ
a systematic evaluation of data from selected RCTs, by
addressing this knowledge gap, the study aims to provide
valuable information that can be applied in clinical con-
texts and contribute to achieving public health goals.

Methods

Design

This systematic review and meta-analysis of random-
ized controlled trials was registered at PROSPERO, pro-
tocol was not published previously. The reporting of this
review was followed by the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) state-
ment [20] Supplementary Material 1.

Data sources and search strategies

The study conducted searches in the following elec-
tronic database for articles published from 1989 (sarco-
penia was first proposed by Rosenberg in 1989) to May
5, 2023; databases searched were PubMed, EMBASE,
Medline, Cochrane Library, CINAHL, PEDro and Airiti
Library. Manual search was conducted to enhance accu-
racy and completeness. In accordance with the PICOS
(Population, Intervention, Comparison, and Outcome)
as the search guide approach. Search keywords were
selected from the medical subject heading terms (MeSH),
searched terms were those related to midlife menopause
women (“midlife women” or “middle aged women” AND
“perimenopause” or “menopausal transition” or “climac-
teric”) combined with terms related to exercise, vitamin
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D and protein non-pharmacological interventions (“exer-
cise” or “fitness training” or “vitamin d” or “protein*” or
“soy products”) and terms related to sarcopenia (“sarco-
penia” or “lean body mass” or “muscle mass” or “muscle
strength” or “handgrip” or “leg extension” or “physical
performance” or “physical functional performance”) and
study type (“randomized controlled trial” or “randomized
controlled study” or “randomization”). The final searches
were conducted with appropriate specifications for each
database, following the PICOS format.

Eligibility criteria

This systematic review focuses on peer-reviewed litera-
ture that meets the following eligibility criteria. Popula-
tion (P): The study includes menopausal women between
the ages of 40 and 60. Intervention (I): The review con-
siders exercise training interventions without any
restrictions on the modalities, duration, frequency, or
intensities. Additionally, investigations of the effect of
vitamin D and protein supplementation are included,
without limitations on the forms, doses, or durations of
supplementation. Comparison (C): Results are compared
with a control group, which can be either an active con-
trol (such as placebo control) or a passive control (such
as usual care or no intervention in exercise, vitamin D
supplementation, or protein supplementation). Outcome
(O): The review examines measures of muscle mass (lean
body mass), muscle strength (handgrip strength and knee
extension strength), and physical functional performance
(timed up and go test). Lean body mass is assessed using
dual-energy X-ray absorptiometry, bioelectrical imped-
ance analysis, computed tomography, or magnetic reso-
nance imaging. Muscle strength is measured using an
isokinetic dynamometer or grip dynamometer [1, 9].
Physical functional performance is evaluated using the
timed up and go test [21]. The study design includes
RCTs published in English or Chinese. The following are
non-inclusion criteria: (1) women with therapeutically
induced menopause, (2) women with cancer or severe
acute or chronic illnesses, (3) women undergoing hor-
monal therapy or medical treatments such as chemo-
therapy, surgery, or psychiatric treatment, (4) non RCTs,
cohort studies, and meta-analysis studies. Studies pub-
lished only as abstracts are also excluded from the review.

Study selection

Two independent reviewers conducted an initial screen-
ing of the titles and abstracts of the studies based on
the predefined inclusion and exclusion criteria. The full
text of articles that met the inclusion criteria was then
retrieved. All potentially eligible studies were inde-
pendently evaluated by the two reviewers, again using
the predefined inclusion criteria. In case of any dis-
agreements or discrepancies between the reviewers, a
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consensus was reached through discussion and mutual
agreement.

Data collection and extraction

The data collection and extraction process were con-
ducted using EndNote X9 (Clarivate Analytics, Philadel-
phia, PA, USA). Microsoft Word 2007 was utilized for
the coding procedure of the data items from the included
studies. Two independent reviewers were responsible for
coding and auditing the necessary data, and the results
were entered separately.

For each included randomized controlled trial, the
researchers collected the following information: Gen-
eral study information, including the first author’s name
and year of publication. Additionally, characteristics of
the participants, such as sample size and attrition rate,
were recorded. Intervention details were carefully docu-
mented. This included information on the type of inter-
vention (e.g., exercise, vitamin D, protein) as well as
specific characteristics of the intervention, such as the
dose, frequency, intensity, and duration. Detailed infor-
mation on the outcomes measured in each study was also
collected.

Risk of bias assessment

To assess the quality of the included studies, the risk of
bias was evaluated using the Cochrane Collaboration’s
tool for randomized trials, known as Risk of Bias 2 (RoB
2). This tool, as described in the Cochrane Handbook for
Systematic Reviews of Interventions [22], consists of five
domains that were assessed for individually RCTs. The
first domain focuses on bias arising from the randomiza-
tion process. It examines whether the randomization was
performed appropriately and whether any imbalances
occurred between the intervention and control groups.
The second domain assesses bias due to deviations from
intended interventions. This domain examines if there
were any differences in the implementation of the inter-
ventions or if participants received additional treatments
that may have influenced the outcomes. The third domain
examines bias due to missing outcome data. It considers
whether there were any missing data and whether the
missingness could have introduced bias in the results.
The fourth domain addresses bias in the measurement of
the outcome. It evaluates the methods used to measure
the outcomes and determines whether they were reliable
and valid. The fifth domain focuses on bias in the selec-
tion of the reported result. It examines whether there
was selective reporting of outcomes or analysis methods
that could have influenced the findings. For each domain,
specific questions were considered, and judgments were
made based on the available information. The judgments
were categorized as “low risk of bias, “some concerns,’ or
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“high risk of bias” to provide an overall assessment of the
risk of bias for each included study.

Grading the certainty of evidence

The certainty of evidence regarding outcomes was
assessed according to the Grading of Recommendations,
Assessment, Development, and Evaluation (GRADE)
handbook [23]. The GRADE approach was employed to
evaluate evidence certainty based on five criteria: risk of
bias, inconsistency, indirectness, imprecision, and publi-
cation bias. Certainty ratings were categorized into four
levels of the system: high, moderate, low, or very low [23].

Data synthesis

Statistical analysis was performed using Comprehen-
sive Meta-Analysis version 2.0 [24]. The risk of bias was
assessed using the RoB 2 standard template [22]. To
calculate the overall effect size of the intervention and
minimize deviations between measurement variables,
the standardized mean difference (SMD) with 95% confi-
dence intervals (95% CI) was utilized for continuous data.
Statistical heterogeneity was evaluated using Cochrane’s
Q statistic, which compares the effect sizes of each study
[25]. The I value was used to assess the degree of incon-
sistency across studies in the meta-analysis. The I val-
ues were categorized as follows: very low (0-25%), low
(25-50%), medium (50-75%), and high (>75%), indicat-
ing the level of heterogeneity [26]. A fixed-effect model
was employed for data pooling. However, if significant
heterogeneity was observed (p<.10 and I*>50%), a ran-
dom-effects model was applied [27]. The effect sizes of
the SMD were interpreted based on Cohen’s interpre-
tation of effect size. Effect sizes of 0.2, 0.5, and 0.8 were
considered small, medium, and large effects, respectively
[28]. Sensitivity analyses and subgroup analyses were
conducted to assess the impact of each included study
on the pooled SMD and investigate potential sources of
heterogeneity [29]. Publication bias was evaluated using
funnel plots, and Egger’s weighted regression tests were
visually inspected [30].

Results

Study search outcomes

Figure 1 presents the PRISMA 2020 flowchart illustrating
the study inclusion process. A total of 1,469 studies were
identified through searches conducted in 7 electronic
databases. Using EndNote X9 (Clarivate Analytics, Phila-
delphia, PA, USA), 813 duplicate articles were removed,
leaving 656 unique articles. Following the analysis of
titles and abstracts, 551 articles were excluded as they
did not meet the inclusion criteria. Full texts were not
available for 3 articles. The eligible full texts of 102 arti-
cles were further assessed for eligibility. Through manual
retrieval, 6 additional articles were included. In total, 27
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Identification of studies via databases and registers

) |

Identification of studies via other methods

Records identified from:
Manual searching (n = 6)

Reports sought for retrieval
(n=10)

Reports not retrieved
(n=0)

Reports assessed for
eligibility (n = 6)

A\ 4

Reports excluded
(n=0)

Fig. 1 PRISMA flow diagram for selection process of included studies

studies [31-57] were included in the meta-analysis: 18
studies focused on exercise training, 5 studies examined
the effects of vitamin D, and 4 studies investigated the
impact of protein supplementation (one study overlapped
with exercise training).

Quality appraisal of included studies

Figure 2 presents the results of the risk of bias assessment
using RoB 2.0 for the 27 included studies [31-57]. Among
the 27 studies, 26 were judged to have some concerns
regarding bias, while one study was assessed as having
a low risk of bias. The judgments of some concern bias
were primarily due to the absence of specific information
regarding the generation of the randomization sequence,
lack of clarity regarding blinding procedures, and insuf-
ficient information about the randomization allocation
process. Moreover, data from the studies did not indi-
cate the presence of a pre-specified plan or clinical trial
registration, which affected the analysis. Overall, the risk
of bias judgments for the included studies ranged from

Records identified from:
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+ Not RCTs (n = 10)
Studies included in review + Other languages (n =2)
= (n=27)
% + Database searching (n =21)
= + Manual searching (n = 6)
2
= <
=

low risk to some concerns. Two independent reviewers
assigned scores to assess the consistency level of each
domain, achieving a score of 96.4% agreement.

GRADE analysis

The outcomes of exercise training on lean body mass and
knee extension strength, as well as the outcome of vita-
min D on handgrip strength, received a moderate level of
certainty of evidence. However, the effectiveness of exer-
cise on handgrip strength was rated as having a low level
of certainty. This downgrade was attributed to uncertain-
ties in the estimate of the effect, suggesting that the true
effect might differ substantially from the estimated effect.
The outcomes of both vitamin D on handgrip strength
and protein on lean body mass garnered a low level of
certainty of evidence. This downgrade resulted from a
significant risk of bias, arising from inadequate report-
ing on methods of allocation concealment, and notable
imprecision, as evidenced by the confidence interval
crossing the line of no effect (Table 1).
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Fig. 2 Risk of bias summary of individual studies

Study characteristics

Table 2 provides a summary of the characteristics of the
included studies. Among the 27 studies [31-57], three
were conducted in Thailand, Australia, Canada, Spain,
and Brazil, respectively (55.5%), while two studies were
conducted in the United States, China, and Iran, respec-
tively (22.2%). Additionally, one study was conducted in
Finland, Korea, Italy, Denmark, Japan, and Egypt, respec-
tively. Among the included studies, a total of 18 focused
on exercise training. These studies were involved a total

of 1,327 participants. The exercise training modalities
varied, with 10 studies focusing on resistance exercise
training (including resistance training, aquatic exercise,
weight-bearing exercise, balance training, functional
training, bilateral and unilateral strength training), five
studies on aerobic exercise training (including circuit
aerobic step exercise, sprint interval training, multi-com-
ponent training, tai chi ball exercise, and walking exer-
cise), and four studies on other forms of exercise training
(including whole-body vibration and combined exercise).
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For vitamin D supplementation, a total of five studies
were included. These studies were involved 477 partici-
pants. Different forms of vitamin D were used, includ-
ing vitamin D, vitamin D2, and vitamin D3. Regarding
protein supplementation, five studies were included, one
of which was also included in the exercise training cat-
egory. These studies were involved 185 participants. Vari-
ous forms of protein were used, including soy protein,
branched-chain amino acids, and isoflavones.

Meta-analytic synthesis of results

For the timed up and go test, two studies examined the
effect of exercise training [41, 49], while two studies
investigated the effect of vitamin D supplementation [30,
44]. Regarding muscle mass, two studies reported the
effect of vitamin D supplementation [37, 53]. One study
assessed the effect of protein supplementation on hand-
grip strength [33]. However, no studies provided data on
the effect of protein supplementation on physical func-
tional performance, thus preventing a meta-analysis in
this regard due to insufficient data.

Effects of exercise training on measures of lean body mass

Fourteen studies (17 datasets) [35-37, 39, 40, 43, 44,
46-48, 51, 52, 55, 56] with a total of 1,053 participants
were included in the meta-analysis to assess the effects
of exercise training on lean body mass. The meta-analy-
sis showed homogeneity among the studies (Q=15.507,
p=.488, P=0%) (Fig. 3-A, Table 3). The pooled analysis of
the data demonstrated a significant overall improvement
in lean body mass due to exercise training (SMD=0.232,
95% CI: 0.097, 0.366, p=.001). The funnel plot did not
indicate obvious asymmetry, and Egger’s linear regres-
sion test did not show evidence of publication bias in
the meta-analysis of exercise training on lean body mass
(p=.073). Subgroup analyses were conducted based on
exercise type (resistance exercise, aerobic exercise, and
other exercise), exercise duration (<12 weeks and >12
weeks), and exercise frequency (20-45 min three ses-
sions per week and 60—-90 min three sessions per week).
Detailed results can be found in Table 2.

Effects of exercise training on measures of handgrip strength
Two studies [52, 57] (three datasets) with a total of 60
participants investigated the effects of exercise training
on handgrip strength. The meta-analysis showed a signif-
icant but relatively low heterogeneity among the studies
(Q=3.635, p=.162, ’=45%). The overall pooled results
indicated a significant improvement in handgrip strength
due to exercise training (SMD=0.901, 95% CI: 0.362,
1.441, p=.001) (Fig. 3-B, Table 3). Egger’s linear regres-
sion test did not reveal any indication of publication bias
in the meta-analysis of exercise training on handgrip
strength (p=.073).
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Effects of exercise training on measures of knee extension
strength

Six studies [31, 35, 41, 44, 46, 47] (nine datasets) with a
total of 250 participants investigated the effects of exer-
cise training on knee extension strength. The meta-
analysis initially showed a significant high heterogeneity
among the studies (Q=34.114, p<.001, *=77%). How-
ever, sensitivity analyses were performed by removing
a study [31] with inadequate or unclear data, and the
results remained consistent, indicating the reliability and
robustness of the findings. After the sensitivity analy-
ses, the meta-analysis demonstrated a significant but
relatively low heterogeneity among the studies (I*=33%).
Based on five studies [35, 41, 44, 46, 47] (eight datasets)
with 187 participants, the overall pooled results showed
a significant improvement in knee extension strength due
to exercise training (SMD=0.698, 95% CI: 0.384, 1.013,
p<.001) (Fig. 3-C, Table 3). Egger’s linear regression
test did not reveal any indication of publication bias in
the meta-analysis of exercise training on knee extension
strength (p=.446).

Effects of vitamin D on measures of handgrip strength

The meta-analysis of handgrip strength included 4 stud-
ies [31, 38, 45, 54] with 425 participants supplemented
with vitamin D. The meta-analysis manifested a signifi-
cant very low heterogeneity among the studies (Q=0.422,
p=.936, ’=0%). Overall pooled results showed a signifi-
cant improved in handgrip strength (SMD=0.267, 95%
CI: 0.065, 0.469, p=.009) (Table 3). Egger’s linear regres-
sion test revealed no indication of publication bias in the
meta-analysis of vitamin D supplementation on handgrip
strength (p=.958).

Effects of vitamin D on measures of knee extension strength
The meta-analysis of knee extension strength, based
on 3 studies [31, 32, 45] involving 216 participants who
received vitamin D supplementation, demonstrated a
significant and very low heterogeneity among the studies
(Q=2.407, p=.300, ’=17%). The overall pooled results
showed no significant effect on knee extension strength
with vitamin D supplementation (Table 3). Egger’s linear
regression test indicated no indication of publication bias
in the meta-analysis of vitamin D supplementation on
knee extension strength (p=.247).

Effects of protein on measures of lean body mass

The meta-analysis of lean body mass included 3 studies
[49, 53, 56] (4 datasets) with 165 participants supple-
mented with protein. The meta-analysis manifested
a significant very low heterogeneity among the stud-
ies (Q=0.426, p=.935, ’=0%). Overall pooled results
with no significant effect were observed in lean body
mass (Table 3). Egger’s linear regression test revealed no
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indication of publication bias in the meta-analysis of pro-
tein supplementation on lean body mass (p=.198).

Discussion

This study is pioneering in its determination of sarco-
penia indicators based on the guidelines from both the
Asian and European working groups [1, 9]. Additionally,
the study offers new insights by conducting a comprehen-
sive meta-analysis to evaluate the effects of non-pharma-
cological interventions on preventing sarcopenia among
menopausal women aged 40 to 60.

The results of our meta-analysis revealed a small effect
of exercise training on lean body mass, which is consis-
tent with the findings of a previous review conducted by
Marin-Cascales et al. [15] and Benton et al’s study [58].
However, it is important to note that our review and Ben-
ton et al’s study [58] focused on a narrower age group (40
to 60 years old) compared to the broader age range (48 to
95 years old) examined in Marin-Cascales et al's review.
Despite this difference, both studies suggest that exercise
training has a beneficial impact on lean body mass across
different age groups. The underlying mechanisms respon-
sible for the observed effects of exercise training on lean
body mass are multifactorial. One proposed mechanism
involves the reduction of inflammatory-related cytokines
and the induction of growth hormone responses [59].
These factors contribute to muscle repair and regenera-
tion, as well as improvements in mitochondrial function
within muscle cells, ultimately leading to the formation
of new skeletal muscle tissue. These findings highlight the
importance of exercise training in mitigating the reduc-
tion in muscle cross-sectional area and the loss of muscle
mass associated with aging [11]. Overall, our meta-anal-
ysis supports the notion that exercise training is benefi-
cial for increasing lean body mass, particularly in the age
range of 40 to 60 years old. Further research is needed to
explore the specific exercise modalities, durations, and
intensities that yield the most substantial gains in lean
body mass in this population. Additionally, future studies
should investigate the long-term effects of exercise train-
ing on lean body mass and its implications for overall
health and functional outcomes.

A subgroup analysis of exercise type revealed that
resistance exercise had a small positive effect on lean
body mass. This finding aligns with a previous system-
atic review and meta-analysis conducted by Thomas et
al. [16]. Their study, which included 26 studies, dem-
onstrated a mean increase of 0.43 kg in lean body mass
after 16 weeks of resistance training in postmenopausal
women aged between 50 and 80 years. Furthermore,
Benton et al's non-randomized controlled study revealed
an increase of 1.1+0.3 kg in lean body mass after com-
pleting 8 weeks of progressive resistance training among
untrained middle-aged women aged 40 to 55 [58].
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Resistance training has been shown to increase the secre-
tion of growth hormone, which stimulates skeletal mus-
cle protein synthesis and helps prevent muscle mass loss
[60]. In contrast, our subgroup analysis indicated that
aerobic exercise alone did not have a significant positive
effect on lean body mass, which is consistent with a prior
study by Willis et al. [61]. In their RCTs, they observed
a decrease in lean body mass (-0.10 kg) following 8
months of aerobic exercise. In contrast, resistance exer-
cise (+1.09 kg) and multi-component exercise (+0.81 kg)
resulted in positive effects on lean body mass over the
same duration. The reason for the negative effect of aero-
bic exercise on lean body mass is attributed to the fact
that different types of exercise elicit distinct physiological
responses in muscle cell and tissue contractile function
[62]. While aerobic exercise does stimulate muscle pro-
tein synthesis, its primary aim is to reduce skeletal mus-
cle fat infiltration and improve overall muscular system
function [62].

Regarding other types of exercise such as whole-body
vibrations and multi-component exercises, our study
results showed no significant positive effect on lean body
mass (including two RCTs on whole-body vibration
training and two RCTs on multi-component exercises).
This is consistent with a systemic review and meta-
analysis conducted by Rubio-Arias et al. which included
five studies on whole-body vibration training in post-
menopausal women aged 55 to 75 years and found no
significant effect on lean body mass [14]. Additionally, a
literature review by Bao et al. involving 22 studies on var-
ious exercise types (resistance exercise, aerobic exercise,
strengthening exercise, multi-component exercise, and
vibration exercise) in older adults aged 60 to 86 years did
not find a significant difference in overall skeletal muscle
mass [63]. It is important to note that the study by Bao
et al. focused more specifically on aerobic exercise inter-
vention, resulting in heterogeneity among the included
studies due to the varied exercise types and regimens
employed [63]. Considering the limitations of our study,
which only included 4 RCTs, further research is war-
ranted to validate these findings. Future studies should
explore the effects of different exercise modalities and
regimens on lean body mass in a more diverse and larger
sample population (middle-aged women). Addition-
ally, longer-term interventions and investigations into
the underlying mechanisms of exercise-induced changes
in lean body mass would provide valuable insights for
optimizing exercise interventions in various age groups,
especially in middle-aged women.

Another subgroup analysis, conducted by Vikberg
et al., focused on the duration of exercise [64]. In their
randomized controlled trial, they investigated pre-sarco-
penic older adults with an average age of 70 years who
underwent 10 weeks of resistance training. The study
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(A) Lean Body Mass
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Study name Statistics for each study Std diff in means and 95% CI

Std diff Standard Lower Upper

in means error Variance limit limit Z-Value p-Value
Bolton 2012 0.055 0.329 0.108 -0.590 0.700 0.166  0.868
Boutcher 2019 1.192 0.343 0.118 0.519 1.864 3473 0.001
Brochu 2009 0.214 0.205 0.042 -0.188 0.616 1.044  0.297
Coll-Risco 2019 0.116 0.188 0.035 -0.252 0.484 0.619 0.536
Conceicao 2013 0.331 0.450 0.203 -0.551 1.214 0.736  0.462
Hettchen 2021 0.625 0.279 0.078 0.078 1.171 2.241 0.025
Janzen 2006 (a) 0.212 0.394 0.156 -0.561 0985 0.537 0.591
Janzen 2006 (b) 0.300 0.411 0.169 -0.505 1.105 0.731 0.465
Marin-Cascales 2015 (a)  0.468 0.526 0.277 -0.564 1.500 0.889 0.374
Marin-Cascales 2015 (b)  0.180 0.522 0.272 -0.842 1.203 0.345 0.730
Marin-Cascales 2017 (a)  0.212 0.517 0.268 -0.802 1.226 0.409 0.682
Marin-Cascales 2017 (b)  0.033 0.526 0.277 -0.998 1.065 0.063  0.950
Mason 2012 0.020 0.142 0.020 -0.257 0.298  0.142  0.887
Neves 2015 0.257 0.286 0.082 -0.304 0.817 0.897 0.370
Park 2015 0.805 0.465 0.216 -0.107 1.716 1.730  0.084
Svendsen 1993 0.376 0.268 0.072 -0.149 0.902 1.403  0.161
Wu 2006 0.049 0.250 0.063 -0.442 0.539 0.194 0.846

0.232 0.069 0.005 0.097 0366 3.368 0.001 @
s _ _ 2 o -2.00 -1.00 0.00 1.00 2.00
Heterogeneity: O = 15.507, df'= 16 (p =.488); I' = 0% No Exercise [Exercise

Test for overall effect: Z=3.368 (p =.001)

(B) Handgrip Strength

Study name Statistics for each study Std diff in means
Std diff Standard Lower Upper and 95% CI
in means error Variance limit limit Z-Value p-Value
Park 2015 (R) 1.437 0.502 0.252 0454 2420 2864 0.004
Xiao 2015 (R) 0.239 0.449 0201 -0.641 1.118 0.532 0.595
Xiao 2015 (L) 1.174 0.484 0234 0225 2123 2424  0.015
0.901 0.275 0.076 0362 1.441 3275 0.001
R 5 -3.00 -1.50 0.00 1.50 3.00
Heterogeneity: QO =3.635,df=2 (p =.162); I' =45%
No Exercise  Exercise

Test for overall effect: Z=3.275 (p =.001)

(C) Knee Extension Strength

Study name Statistics for each study Std diff in means and 95% CI
Std diff Standard Lower Upper
in means error Variance limit limit Z-Value p-Value
Bolton 2012 0.187 0.330 0.109 -0.459 0.833 0.567 0.570
El Mohsen 2016 1.967 0.497 0.247 0992 2942 3956 0.000
Janzen 2006 (a) 0.892 0412 0.170 0.083 1.700 2.162 0.031
Janzen 2006 (b) 1.000 0.433 0.188 0.151 1.849 2309 0.021 -
Marin-Cascales 2015 (b)  0.335 0.524 0274 -0.692 1361 0.639 0.523
Marin-Cascales 2015 (a)  0.441 0.526 0.277 -0.590 1.472  0.838  0.402
Marin-Cascales 2017 (a)  0.579 0.524 0.275 -0.449 1.607 1.105 0.269
Marin-Cascales 2017 (b)  0.562 0.535 0.286 -0.486 1.609 1.051 0.293
0.698 0.160 0.026 0384 1.013 4354  0.000 L 2

Heterogeneity: O = 10.458, df=7 (p = .164); I’ =33%
Test for overall effect: Z =4.354 (p <.001)

-4.00 -2.00 0.00 2.00 4.00

No Exercise  Exercise

Fig. 3 Meta-analysis of the effects of exercise training on lean body mass, handgrip strength, and knee extension strength between the two groups

demonstrated a significant improvement in lean body
mass, with an increase of 1.1 kg. Similarly, Liao et al. con-
ducted RCTs involving sarcopenic obese women with an
average age of 67.3 years [65]. These participants under-
went 12 weeks of resistance band exercise and experi-
enced an increase of 0.79 kg in leg lean mass and 2.19 kg
in handgrip strength.

In line with these findings, a meta-analysis conducted
by Thomas et al. which included 26 studies involving
postmenopausal women aged 50 to 80 years, revealed

that 16 weeks of resistance training resulted in an
increase in lean body mass [16], similar to the results of
our study.

In our study, we performed a subgroup analysis of exer-
cise duration, categorizing it into two groups: < 12 weeks
(ranging from 6 to 12 weeks) and >12 weeks (ranging
from 16 to 52 weeks). We observed small to moderate
significant increases in lean body mass in menopausal
women aged 40 to 60 years. These findings are consistent
with a review study by Nascimento et al. which suggested
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Table 3 Effect sizes of the overall and subgroup analysis

Page 14 of 18

Title Studies Participants Effect size p value Heterogeneity
(n) (n) SMD (95% CI) F value

Overall effect by exercise training 14

Lean body mass 14 1053 0.232 (0.097, 0.366) 0.001 0%

Handgrip strength 2 60 0.901 (0.362, 1.441) 0.001 45%

Knee extension strength 5 250 0.698 (0.384, 1.013) <0.001 33%
Subgroup analysis by types of exercise training

Resistance exercise 7 391 0.316 (0.097,0.535) 0.005 0%

Aerobic exercise 4 378 0.155 (-0.062, 0.372) 0.160 61%

Others 3 284 0.222 (-0.056, 0.500) 0.118 0%
Subgroup analysis by duration of exercise training

<12 weeks 4 195 0.581(0.247,0.916) 0.001 28%

>12 weeks 10 858 0.164 (0.016,0.311) 0.029 0%
Subgroup analysis by frequency of exercise training

20-45 min/3 sessions/week 4 171 0.593 (0.278,0.909) <0.001 17%

60-90 min/3 sessions/week 10 882 0.151 (0.002, 0.300) 0.048 0%
Overall effect by vitamin D 4

Handgrip strength 4 425 0.267 (0.065, 0.469) 0.009 0%

Knee extension strength 3 216 0.269 (-0.006, 0.545) 0.055 17%
Overall effect by protein 3

Lean body mass 3 165 0.074 (-0.267,0.414) 0671 0%

Note. SMD: standard mean difference; C: confidence intervals; statistical method: fixed effect model

that the sarcopenic population should engage in exercise
training for at least 4 weeks or more [66]. Furthermore,
Benton et al. recommended that untrained middle-aged
women aged 40 to 55, undertaken 8 weeks of resistance
training, this regimen is proposed to stimulate muscle
protein synthesis, enhance muscle activation, prevent
muscle loss, diminish intramuscular fat infiltration, and
bolster muscle strength and morphology [58]. Regard-
ing the frequency of exercise training, our subgroup
analysis based on two frequencies, namely 20 to 40 min/
three sessions per week and 60 to 90 min/three sessions
per week, revealed moderate and small effects on lean
body mass, respectively. The validated training frequen-
cies were derived from the research studies conducted by
Huovinen et al. and Fisher et al. [67, 68]. Huovinen et al.
conducted a study involving older women with an aver-
age age of 71.9 years [67]. The participants underwent
60 min of exercise training, three sessions per week, for
16 weeks. The study divided exercise frequency and vol-
ume into three groups: group 1 performed 20 to 35 min
as a low dose of resistance training (RT), group 2 per-
formed 40 min as a moderate dose of RT, and group 3
performed 60 min as a high dose of RT. Each group par-
ticipated in three sessions per week. All three groups
demonstrated significant improvements in muscle
mass and muscle strength in response to their respec-
tive RT frequencies and volumes [68]. Fisher et al. sup-
ported the idea of a minimal dose of exercise for muscle
mass and strength improvement, with a focus on major
muscle groups [68]. The recommendation is to choose
multi-joint exercises that prioritize major muscle groups.

Multi-joint exercises include chest press, leg press, and
seated row, primarily targeting major muscle groups.
These studies emphasize the importance of choosing an
appropriate frequency and volume of resistance training
for improving muscle mass and strength. Both lower and
higher frequencies demonstrated positive responses in
terms of muscle mass improvement. However, it is worth
noting that the minimal dose of resistance training with
a focus on major muscle groups has shown promising
results for muscle mass and strength gains.

Handgrip strength is considered the most objective
and widely used measure of muscle strength in the upper
limb [69]. The meta-analysis conducted in this study has
revealed a large effect of exercise training on handgrip
strength. In support of our findings, a systematic review
by Wang et al. analyzed 23 studies involving older adults
with sarcopenia [70]. The studies included multi-compo-
nent exercise interventions ranging from 9 to 24 weeks
in duration. The analysis demonstrated a significant
improvement of 2.38 kg in handgrip strength. Moreover,
a randomized controlled trial conducted by Toselli et
al., participants with an average age of 56.2 years under-
went a 24-week program with three sessions per week,
has revealed a significant increase of 6.1 kg in handgrip
strength [72]. These results align with the overall findings
of our study. The consistent results between our meta-
analysis and Wang et al’s systematic review provide fur-
ther support for the positive effects of exercise training
on handgrip strength in various populations, including
sarcopenia older adults. Handgrip strength serves as an
important indicator of upper limb muscle strength and
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can be effectively improved through appropriate exercise
interventions.

Knee extension strength is another important muscle
measurement frequently used in research, and it was
included in our analysis. The results of our study revealed
a moderate effect of exercise training on knee extension
strength, which is consistent with the findings of a pre-
vious review conducted by Lu et al. [71]. Lu et al. con-
ducted a meta-analysis that included 26 studies involving
older adults with an average age ranging from 60.6 to
89.5 years [71]. These studies investigated the effects of
various types of training, including resistance, endurance,
aerobic exercises, and whole-body vibration training, on
knee extension strength. The meta-analysis showed sig-
nificant improvements in knee extension strength with
resistance training exercise (1.36 Nm/kg), whole-body
vibration training (0.62 Nm/kg), and mixed training
(0.62 Nm/kg). Furthermore, Borba-Pinheiro et al. con-
ducted a randomized controlled trial (RCT), participants
with an average age of 58.8 years, undergoing 52 weeks
of resistance training; there was a significant increase of
15.28 kg in knee extension strength [72]. The improve-
ments in knee extension strength observed in response
to exercise training can be attributed to the activation of
muscle nerve fibers, increased size of muscle fibers, and
enhancement of muscle regeneration. Increased muscle
strength can have positive effects on static balance and
reduce the risk of falls [73].

This study revealed a low effect of vitamin D supple-
mentation on handgrip strength. This finding is con-
sistent with a meta-analysis conducted by Zhang et al.
which included 13 studies involving postmenopausal
women over 60 years old [19]. In that meta-analysis,
participants were supplemented with varying doses
of vitamin D2 (ranging from 2800 IU to 210,000 IU) or
vitamin D3 (ranging from 7,000 IU to 100,000 IU) for a
duration of 3 to 24 months. The results showed a benefi-
cial improvement of 0.876 kg in handgrip strength. This
finding aligns with the results of our study, indicating
that vitamin D plays a crucial role in increasing calcium
absorption and enhancing muscle tissue repair, lead-
ing to improvements in muscle strength [11]. Our study
included 4 RCTs that examined different forms and doses
of vitamin D supplementation. The interventions ranged
from weekly doses of 7,000 IU to 50,000 IU of vitamin D,
weekly doses of 40,000 IU of vitamin D2, to a daily dose
of 0.5 pg of vitamin D3, administered over a period of
8 to 12 weeks. The heterogeneity in the interventions,
including variations in the form and dose of vitamin D,
highlights the need for further research to confirm the
evidence regarding the effects of vitamin D supplemen-
tation on handgrip strength among middle-aged women.

This study found no significant effect of vitamin D
supplementation on knee extension strength, which is
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consistent with the findings of a previous review con-
ducted by Bislev et al. [74]. The systematic review and
meta-analysis by Bislev et al. examined older adults with
an average age of 65 years who were supplemented with
either 10,000 IU of vitamin D2 daily, 400 IU daily, or a
single dose of 300,000 IU of vitamin D3 for a duration of
60 months [74]. The results of that review indicated no
significant improvements in knee extension strength.
Similarly, our study included 3 eligible studies in which
participants were supplemented with daily doses of 7,000
IU to 50,000 IU of vitamin D or a weekly dose of 5,000 IU
of vitamin D2 for a duration of 8 to 12 weeks. Due to the
variations in the forms, dosages, and duration of vitamin
D supplementation, the exact beneficial effect of vitamin
D on knee extension strength could not be determined.
Further trials are needed to determine the optimal dose,
form, and duration of vitamin D supplementation for
achieving a beneficial effect on knee extension strength
among middle-aged women.

This study found no significant improvements in lean
body mass with protein supplementation, which is con-
sistent with the findings of a meta-analysis conducted
by Guo et al. [75]. Guo et al's meta-analysis included 17
RCTs involving individuals with an age range of 68 to
82 years [75]. In those studies, daily oral supplementa-
tion of 0.857 to 7.5 g of leucine, a branched-chain amino
acid found in various food sources, was given for dura-
tions of 4 to 48 weeks. The meta-analysis showed no ben-
eficial effect of leucine supplementation on lean body
mass, which aligns with the results of our study. Leucine
is known for its ability to stimulate protein synthesis and
promote muscle building and repair [76]. Borack and
Volpi have recommended a daily leucine intake of 55 mg/
kg to enhance muscle protein synthesis [77]. However,
our study included 3 eligible studies that investigated iso-
flavones with variations in daily oral protein supplemen-
tation ranging from 40 mg to 160 mg. This differs from
the previous meta-analysis in terms of the specific pro-
tein form and dosage used. Additionally, there were vari-
ations in the age of participants across studies, making
it difficult to directly compare findings between studies.
Further trials are needed to determine the optimal dose,
forms, and duration of protein supplementation to verify
the potential beneficial effects on lean body mass among
middle-aged women.

Limitations

There are several limitations that should be acknowl-
edged in this study. Firstly, the search was limited to
articles published in English and Chinese, which may
introduce language bias and potentially exclude relevant
studies published in other languages. This could limit the
comprehensiveness of the literature review. Secondly, a
considerable proportion of the included studies lacked
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specific information about the generation of randomiza-
tion sequences, blinding of participants and researchers,
and registration of the clinical trial. These factors can
introduce biases in the random allocation process, devi-
ate from the intended interventions, and affect the reli-
ability of the reported results. Thirdly, a small percentage
of participants were aware of their assigned interven-
tions, which may have influenced their performance and
introduced performance bias. Additionally, the absence
of pre-specific plans or clinical trial registration for anal-
ysis in the majority of the included studies may introduce
selection bias. Moreover, due to insufficient data and a
limited number of RCTs, it was not possible to perform
a meta-analysis on the effects of exercise training, vita-
min D supplementation, and protein supplementation on
physical functional performance in menopausal women
aged 40 to 60. Therefore, the study is unable to pro-
vide specific recommendations regarding these aspects.
Finally, the variations in exercise dose (types, duration,
frequency, intensity) across the included studies limited
the ability to conduct subgroup analyses and provide
detailed recommendations in these specific areas. The
available data may not be sufficient to draw conclusive
findings in this regard.

Suggestion

Based on the limitations identified, it is recommended
that future research focuses on conducting larger and
well-designed RCTs to examine the effects of exercise,
vitamin D supplementation, and protein supplementa-
tion on muscle health in menopausal women aged 40
to 60. Additionally, systematic reviews with appropriate
analytical methods should be performed to determine
the optimal dosage and duration of these interventions.
It is important to incorporate well-designed RCTs with
rigorous randomization, allocation concealment, and
blinding of interventions to improve the internal validity
of the findings. Pre-specifying analysis plans and register-
ing clinical trials will ensure transparency and minimize
selective reporting. Furthermore, considering network
meta-analyses can provide valuable insights into the
comparative effectiveness of different interventions for
preventing sarcopenia in menopausal women.

Conclusions

Moderate certainty evidence supports exercise training
as an effective intervention to improve muscle mass and
muscle strength, compared to no exercise, in menopausal
women aged 40 to 60. Specifically, resistance training
with a frequency of three sessions per week, lasting 20 to
90 min, over a period of at least 6 weeks has been identi-
fied as the most beneficial approach. There is moderate
to low certainty evidence suggesting that vitamin D sup-
plementation may offer potential benefits for strength in
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smaller muscle groups. Additionally, while low certainty
evidence points to protein might be used as a potential
non-pharmacological intervention for sarcopenia pre-
vention, further research is needed to determine the
optimal dosage and forms. Overall, cultivating a regular
exercise habit is crucial for preventing sarcopenia and
improving quality of life in menopausal women. It is rec-
ommended to implement evidence-based health promo-
tion policies to raise awareness and knowledge about the
risks of sarcopenia during menopausal transition and to
encourage preventive measures.

Relevance to clinical practice

The clinical implications of our study suggest that meno-
pausal women aged 40 to 60 should maintain regular
exercise habits and choose exercises that suit their life-
styles. Specifically, a training duration of 6 weeks or
more, three sessions per week, and 20 to 90 min per ses-
sion have shown to be effective. Beginners can start by
incorporating exercise into their daily routine without
being constrained by time or fitness venues. To increase
physical activity, women can take stairs instead of eleva-
tors and use public transit. Resistance exercises, such
as leg press, seated rows with elastic bands, leg exten-
sions, seated leg curls, and dumbbell bench presses, can
be performed at home with sports equipment. Regard-
ing vitamin D supplementation, caution is advised due
to variations in dosage and forms. Non-pharmacological
strategies to prevent sarcopenia and improve quality of
life during menopause should be emphasized. Further-
more, public health nurses act as key intervention pro-
viders, are important to deliver non-pharmacological
intervention to prevent sarcopenia (loss of muscle mass,
muscle strength and physical performance) in this popu-
lation. Exercise and nutrition education programs for the
prevention of sarcopenia will be strategic to improve the
quality of life in women during menopausal transition.
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