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Background and aim: Both cardiorespiratory fitness (CRF) and muscular strength
are reported to decrease with age and menopause, which considered to be risk for
cardiovascular diseases (CVDs). Previous relevant meta-analyses are inconclusive
on the beneficial effects of exercise, particularly in post-menopausal women. In
this systematic review and meta-analysis, we investigated the effects of exercise
modalities on CRF and muscular strength in post-menopausal women, and
identified the effective exercise type and duration.

Methods: A comprehensive search was conducted on PubMed, Web of Science,
CINAHL, and Medline to identify the randomized controlled trials, which
evaluated exercise effect on CRF, lower- and upper-body muscular strength,
and/or handgrip strength in post-menopausal women and compared the results
with control. Standardized mean differences (SMD), weighted mean differences
(WMD), and 95% confidence intervals (95% Cls) were calculated using random
effects models.

Results: A total of 129 studies comprising 7,141 post-menopausal women with
mean age and BMI ranging from ~53 to 90 years and 22 to 35kg/m?
respectively, were included in the meta-analysis. Overall, exercise training
effectively increased CRF (SMD: 1.15; 95% ClI: 0.87, 1.42; p = 0.001), lower-body
muscular strength (SMD: 1.06; 95% Cl: 0.90, 1.22; p=0.001), upper-body
muscular strength (SMD: 1.11; 95% CI: 0.91, 1.31; p=0.001), and handgrip
strength (WMD: 178 kg; 95% Cl: 124, 2.32; p=0.001) in post-menopausal
women. These increments were found to be irrespective of ages and
intervention durations. Regarding exercise type, aerobic, resistance, and
combined training significantly increased CRF and lower-body muscular
strength, while resistance and combined training effectively increased handgrip
strength. However, only resistance training increased the upper-body muscular
strength in women.
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Conclusion: Our findings suggest that exercise training is effective in increasing CRF and
muscular strength in post-menopausal women, which might be cardioprotective. Both
aerobic and resistance training alone or in combination increased CRF and lower-body
muscular strength, but only resistance training increased upper-body strength in women.

https://www.crd.york.ac.uk/prospero/display_record.

php?RecordID=283425, identifier: CRD42021283425.

aerobic training, resistance training, cardiorespiratory fitness, muscular strength, postmenopausal
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Introduction

The post-menopausal stage of life is associated with an increased
risk for cardiovascular diseases (CVDs), which might be due to the
decreased cardioprotective-estrogens levels that co-occur with
decreased physical activity. Cardiorespiratory fitness (CRF), as defined
by maximal oxygen uptake (VO,p.y), is an important independent
predictor of CVDs, and is related to other risk factors including
dyslipidemia, insulin resistance, chronic low-grade inflammation, and
hypertension (1-4). It is well established that a progressive decrease in
muscular mass and strength, known as sarcopenia, is associated with
increased risk for CVDs and all-cause mortality. In addition, these
decreases progress with age and rapid progression coincides with the
onset of the post-menopausal period (5-8).

Sedentary behavior and insufficient physical activity are the
important modifiable risk factors for developing CVDs and CVD-
related mortality (9). Lifestyle interventions often emphasized that
exercise training can improve cardiometabolic risk factors, and
have been proposed as first-line therapeutic strategies. Although
exercise and dietary interventions are effective for improving
cardiovascular risk factors (dyslipidemia, insulin resistance, chronic
low-grade inflammation, and hypertension), the independent effect
of exercise on CRF and muscular strength is also superior owing to
its beneficial effects in prevention and treatment of CVDs. Exercise
training is an effective strategy for increasing CRF and muscular
strength across a wide range of participant characteristics. However,
previous systematic reviews and meta-analyses suggest that the type
of exercise plays an important role in these adaptations. For
instance, aerobic training has been shown to improve CRF in older
adults (10, 11), while resistance training and combined training
have been shown to improve muscular strength in elderly (12-14).
On the other hand, combined training is thought to promote both
CRF and muscular strength in middle-aged to older adults (15).

However, no comprehensive meta-analyses have been conducted
yet on post-menopausal women to address the influence of exercise
modalities on CRF and muscle strength. Given the evidence that
increased cardiovascular risk during post-menopausal period, and
established beneficial effects of exercise in non-menopausal
population, we hypothesized that exercise intervention might be
useful than other
population. aimed to

more among post-menopausal women

Therefore, the present meta-analysis
elucidate the effects of exercise modalities on CRF and muscular
strength in post-menopausal women. We then investigated the

influential role of “exercise type and exercise duration” on the
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beneficial
recommendations of exercise for post-menopausal women.

effects to suggest the practical and clinical

Methods

The present systematic review and meta-analysis was
performed in accordance with the latest guidelines of Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA), and the Cochrane Handbook of Systematic Reviews
of Interventions (16, 17). This systematic review and meta-
analysis was registered in the international Prospective Register

of Systematic Reviews (PROSPERO-ID: CRD42021283425).

Search strategy

Four main electronic databases, including PubMed, Web of
Science, CINAHL, and Medline were systematically searched
from inception to October 2022 using the following key words or
search terms: “menopausal” or “post menopause” or “post-
menopause” or “menopause” or “elderly women” or “older
women” AND “exercise” or “exercise training” or “physical
activity”. During search, the Boolean operators “AND” and “OR”
were used to combine the key words. The following limitations
were applied when available in the databases: English language,
human participants, article document type, and randomized
controlled trials. The reference lists of previous relevant
systematic reviews (18) and all studies included in the current
systematic review were manually searched to ensure no relevant

articles were missed.

Study selection and inclusion and exclusion
criteria

Article search and selection was conducted by two independent
reviewer authors (A HM and M H S), and any disagreements were
resolved by discussion with another reviewer (M kh). All studies
from the search of databases were exported into Endnote 20.
Duplicate publications were initially removed, and the remaining
articles were screened by titles/abstracts to determine the eligibility.
Full-texts of the records that met the initial inclusion criteria were
subsequently screened against the full study eligibility criteria.
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The current meta-analysis included randomized controlled trials
with exercise training vs. non-exercise (control) groups involving
women, who were post-menopausal. Further inclusion criteria were as
follows: English language, peer-reviewed; provided measures of main
outcomes at baseline and also at post-intervention, and intervention
duration >4 weeks. Participants included post-menopausal women
with and without co-morbidities and regardless of age. For training,
any type of exercise, including aerobic, resistance, interval, and
combined training were included. In addition, other type of exercises,
such as yoga and Tai chi were included. For the main outcomes, CRF
was measured using VOjpeai/max tests including either maximal or
submaximal test protocols (19). Lower- and upper-body muscular
strength, as well as handgrip strength were measured via 1-repetition
maximums (1RM) up to 10 repetition maximums (10RM), peak
torque during isometric dynamometry, peak torque during isokinetic
dynamometry, and handgrip strength. Lower-body muscular strength
was assessed via leg press, and for upper-body, chest press was used.
However, when these tests were not available, leg extension was used
for lower-body muscular strength, and shoulder press or arm extension
for upper-body muscular strength (15). Exclusion criteria included
non-original studies, non-English language and non-full text articles,
and interventions with durations of less than 4 weeks.

Data extraction and synthesis

The following data were extracted from each included article: study
design and year of publication, sample size, participant characteristics
(biological sex, health status, age, and body mass index (BMI)),
intervention characteristics (exercise training type, intensity, frequency,
and duration), outcome variables and assessment methodologies. In
addition, pre- and post-intervention means and standard deviations
(SDs) or mean changes and their SDs of outcomes were included for
the meta-analysis. Where the means and SDs were not reported, other
data such as standard errors, medians, ranges, and/or interquartile
ranges, were extracted and converted to means and SDs (17, 20, 21).
The Getdata Graph Digitizer software was used for extraction of data
from figures when necessary. For studies that had multiple type of
intervention arms, only data from the exercise vs. non-exercised groups
were included. For studies with multiple exercise arms, all comparisons
were included as separate arms and the sample size of the control
groups were divided to avoid double counting. For studies that did not
provide sufficient information for the meta-analysis, we contacted the
corresponding author of the articles. Two reviewer authors (A H M
and M H S) independently extracted the data, and any disagreements
were resolved via discussion with another reviewer (M Kh).

Quality assessment and sensitivity analysis

The Physiotherapy Evidence Database (PEDro) tool was used to
assess the methodological quality of all included studies. The PEDro
tool contains 11 items, two of which, ie., blinding of participants
and intervention providers, were removed due to the lack of
relevance of these items for exercise intervention studies. Therefore,
the study quality of included studies was assessed using nine items,
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and determined by two independent reviewers (A H M and M H §).
A higher score indicates a higher quality study (Supplementary
Material Table S1). For the main analyses, sensitivity analysis was
performed by eliminating individual studies to ensure that results
were not significantly affected any individual study alone.

Statistical analysis

Standardized mean differences (SMD), weighted mean differences
(WMD), and 95% confidence intervals (CIs) were calculated using
random effects models for comparing the effects of exercise training
against non-exercise control groups on the main outcomes (ie., CRF,
lower- and upper-body muscular strength, and handgrip strength).
Based on study aims, and to determine potential sources of
heterogeneity, several subgroup analyses were conducted. Where there
were more than 3 interventions for each subgroup, the following
subgroup analyses were performed: middle-aged: < 65yrs and older
adults: > 65yrs; non-obese: BMI < 30 kg/m2 and obese: BMI > 30 kg/
m? aerobic, resistance, combined, interval training; and intervention
duration as medium-term: <16 weeks and long-term:>16 weeks.
Interpretation of effect sizes was conducted using Cochrane guidelines
as follows: 0.20-0.49, 0.5-0.79, and >0.80 indicating small, medium,
and large effect sizes, respectively. In addition, I 2 statistics were used to
evaluate heterogeneity and I* statistics were interpreted as 25%, 50%,
and 70% indicating low, moderate, and high heterogeneity,
respectively. Visual interpretation of funnel plots and Egger’s tests
were used to assess the publication bias with p<0.10 indicating
significant publication bias. Where publication bias was detected using
visual interpretation of funnel plots, the trim and fill method was used
to correct the potential publication bias (22). All analyses were
conducted using comprehensive meta-analysis software (CMA;
Biostat, Englewood, NJ, Version 2).

Results
Description of included studies

The search strategy retrieved a total of 4,547 records from all
databases, of which 2,517 articles were retained after removing
the duplicates. Following screening of the titles and abstracts,
2,214 articles were excluded with 303 articles remaining for the
full-text assessment according to the inclusion and exclusion
criteria. Following the full-text screening, 174 articles were
excluded for reasons provided in Figure 1. Finally, 129 studies
were included in the meta-analysis, all randomized trials with
parallel arms. The detailed screening process in each step
according to the PRISMA guidelines is presented in Figure 1.

Characteristics of participants and exercise
training

The characteristics of participant and exercise training in each
article are provided in Supplementary Material Table 1. Briefly, a
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FIGURE 1

Flow diagram of systematic literature search.

total of 7,141 women who were post-menopausal were included in
the meta-analysis. The age of women is ranging from ~53 to 90
years, and their BMI is 22 to 35kg/m> All included studies
recruited post-menopausal women, who were healthy or
exhibited comorbidities such as obesity, chronic heart failure,
fatty

osteoarthritis, previous breast cancer, osteoporosis and vertebral

nonalcoholic liver disease, sarcopenia, hypertension,

fracture, fibromyalgia, or were community-dwelling with
cognitive impairment. This approach allowed us to increase the
potential generalizability of the results.

Most included studies adopted aerobic or resistance-based
training alone, or in combination. Other studies used Tac chi,
yoga, Pilates, and water-based training. Intervention durations
was ranged from 6 weeks to 18 months, with exercise sessions
ranging from 1 to 7 sessions per week. Most of the included
studies used supervised exercise sessions and others used both
sessions in combination.

supervised and unsupervised

However, several studies did not clearly report whether
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sessions were supervised or not. In addition, overall quality
scores of included studies were summarized in Supplementary
Material Table S1 which ranged from four to eight out of
maximum of nine.

Exercise training promotes CRF in post-
menopausal women

Based on the results from 35 intervention arms from 25
studies, exercise training increased CRF (SMD: 1.15; 95% CI:
0.87, 1.42; p=0.001) in post-menopausal women (Figure 2).
There was a significant heterogeneity among the included
studies (I*=76.53%; p=0.001). The Egger’s test (p=0.005)
suggested publication bias, but visual interpretation of funnel
plots did not indicate probable bias. In addition, sensitivity
analysis by omitting individual studies did not change the
direction or significance of the intervention effect. Results from
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FIGURE 2
Forest plot of the effects of exercise training versus control on CRF. Data are reported as SMD (95% confidence limits). SMD: standardized mean
difference.

age subgroup analyses revealed a significant increase of CRF in
middle-aged participants (SMD: 1.06, p=0.001) and older
adults (SMD: 1.24, p=0.001). For the exercise type, significant
increases of CRF was found with aerobic training (SMD: 1.21,
p=0.001), resistance training (SMD: 1.26, p =0.007), combined
training (SMD: 1.47, p =0.001), and water-based training (SMD:
0.83, p=0.01). For the duration of intervention, increased CRF
(SMD: 1.17,
p=0.001) and long-term interventions (SMD: 1.12, p=0.001)
(Supplementary Material Table S2).

was found with medium-term interventions

Exercise training improves lower-body
muscular strength in post-menopausal
women

A total of 109 intervention arms from 90 studies examined
the exercise effect on lower-body muscular strength in post-
results that
the lower-body
muscular strength in post-menopausal women (SMD: 1.06;

menopausal women. Meta-analysis showed

exercise training significantly increased
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05

95% CI: 0.90, 1.22; p=0.001) (Figure 3). We further noticed
a significant heterogeneity among the included studies
(I*=82.08%; p=0.001). The Egger’s test (p=-.001) and
interpretation plots both suggested
publication bias. The trim and fill method identified 28
missing studies from the right side of the plots. When

visual of funnel

accounting for these missing studies, the overall change was
1.43 (95% CI: 1.25, 1.61). In addition, sensitivity analysis by
omitting individual studies, did not change the direction or
significance of the effect. Subgroup analyses revealed a
significant increase of lower-body muscular strength in
middle-aged participants (SMD: 0.98, p=0.001) and older
adults (SMD: 1.03, p=0.001). of
lower-body muscular strength was also occurred with all
exercise types, including aerobic (SMD: 0.49, p=0.002),
resistance (SMD: 1.28, p=0.001), combined (SMD: 0.61, p =
0.001), and water-based (SMD: 0.96, p=0.02)
Furthermore, both medium-term interventions (SMD: 1.30,
p=0.001) and long-term interventions (SMD: 0.82, p=0.001)
significantly improved the lower-body muscular strength in

Significant increases

trainings.

post-menopausal women (Supplementary Material Table S2).
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FIGURE 3
Forest plot of the effects of exercise training versus control on lower-body muscular strength. Data are reported as SMD (95% confidence limits). SMD:
standardized mean difference.
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Resistance training increases upper-body
muscular strength in post-menopausal
women

The upper-body muscular strength data from 55 intervention
arms were used in the meta-analysis. The results revealed that
exercise training increased upper-body muscular strength (SMD:
1.11; 95% CI: 0.91, 1.31; p=0.001) in post-menopausal women
(Figure 4). There was a significant heterogeneity among the
included studies (I*=68.84%; p=0.001). The assessment results
from both Egger’s test (p=0.004) and visual interpretation of
funnel plots suggested publication bias. The trim and fill method

10.3389/fcvm.2023.1190187

identified 14 missing studies from the right side of the plots.
When accounting for these missing studies, the overall change
was 0.80 (95% CI: 0.58, 1.01). Subgroup analyses revealed that
upper-body muscular strength was significantly increased in both
middle-aged (SMD: 1.02, p=0.001) and older adults (SMD: 1.15,
p=0.001). For the exercise type, we found resistance training
significantly increased upper-body muscular strength in women
(SMD: 1.20, p=0.007), and the effect size is relatively bigger. To
be specific, both medium-term interventions (SMD: 1.13, p=
0.001) as well as long-term interventions (SMD: 1.08, p=0.001)
of exercise training improved upper-body muscular strength in
post-menopausal women (Supplementary Material Table S2).
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FIGURE 4

Forest plot of the effects of exercise training versus control on upper-body muscular strength. Data are reported as SMD (95% confidence limits). SMD:

standardized mean difference.
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Resistance and combined trainings increase
handgrip strength of post-menopausal
women

The meta-analysis results from 49 intervention arms
indicated that exercise training effectively increased
handgrip strength (WMD: 1.78 kg; 95% CI: 1.24, 2.32; p=
0.001) of post-menopausal women (Figure 5). We further
noticed a significant heterogeneity among the included
studies (I*=74.91%; p=0.001). Visual interpretation of the
Egger’s test (p=0.09)
publication bias of the studies. We identified 2 missing

and funnel plots both suggested

10.3389/fcvm.2023.1190187

overall change was 1.74kg (95% CI: 1.20, 2.28). In
addition, sensitivity analysis performed by omitting
individual studies, did not change the direction or
significance of the exercise effect. Subgroup analyses

revealed a significant increase of handgrip strength in
middle-aged (WMD: 2.49 kg, p=0.006), as well as in older
adults (WMD: 1.69 kg, p=0.001). Both resistance training
(WMD: 1.72 kg, p=0.001) and combined training (WMD:
1.82kg, p=0.001) the
women, but not aerobic training. For the duration, both
medium-term interventions (WMD: 1.83 kg, p=0.001), and
long-term interventions (WMD: 1.82 kg, p=0.001) increased

increased handgrip strength of

studies from the left side of the plots using trim and fill the handgrip strength in  post-menopausal women
method. When accounting for these missing studies, the (Supplementary Material Table S2).
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FIGURE 5
Forest plot of the effects of exercise training versus control on handgrip strength. Data are reported as WMD (95% confidence limits). WMD: weighted
mean difference.
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Discussion

For the first time, our systematic review and meta-analysis
provides a comprehensive analysis of a large body of evidence on
the effects of exercise training on CRF and muscular strength
outcomes in post-menopausal women. The results demonstrated
that exercise training is effective in increasing the CRF, and lower-
and upper-body muscular strength, as well as handgrip strength of
women. Subgroup analyses results revealed that these beneficial
effects of exercise training were not limited to age of participants
(middle-aged or older) or duration of intervention (medium-term
or long-term). For the type of exercise, aerobic, resistance, and
combined exercise trainings efficiently increased CRF and lower-
body muscular strength, whereas increased upper-body muscular
strength was noticed only with resistance exercise training. Besides,
both resistance and combined exercise trainings significantly
increased the handgrip strength of post-menopausal women.

It has been documented that poor CRF is a risk factor for non-
communicable chronic diseases, such CVDs and other metabolic
disorders, which then collectively increase the mortality risk (23—
28). In addition, age-related decrease of CRF has been reported
as an important predictor of hospitalization, morbidity, and
mortality in older adults (29, 30). Evidence from a recent study
suggests that CRF declines with advancing age, and this decline
further accelerates in women during the menopausal transition
(8). Cardiometabolic diseases are thought to be promoted by
poor CRF through several possible physiological mechanisms,
including effects on insulin function and secretion, increased
insulin resistance, poor lipid profiles, increased blood pressure,
inflammation, and chronic oxidative stress (1). Multiple events,
including decreased maximal heart rate, maximal stroke volume,
maximal cardiac output, blood volume, muscular mass,
arteriovenous oxygen difference, and muscular blood flow are
involved in reducing the CRF (31-33), and all these episodes
occur with decreased physical activity (33). Therefore, effective
treatment strategies are crucial to maintain the CRF during
aging, especially in post-menopausal women.

Evidence from our meta-analysis revealed that exercise training
is an effective intervention to promote CRF in post-menopausal
women. These findings are in agreement with previous reviews,
which summarizes the beneficial effects exercise training in
patients with type 2 diabetes (34), stroke (35), and older adults
(15, 36, 37). However, to the best of our knowledge, this is the
first comprehensive meta-analysis to report the cardioprotective
effects of exercise in post-menopausal women with a large sample
size. Since poor CRF is considered an important predictor of all-
cause mortality in women (38), improving CRF could alleviate the
menopausal-associated symptoms (39). The results from our meta-
analysis indicate clinically meaningful improvements in CRF
following aerobic, resistance, or combined exercise training, with
potential greater advantages of combined training. Exercise
training has beneficial effects on CRF possibly via two main
mechanisms, including central circulatory adaptations (mainly
improving cardiac output and arteriovenous O, differences) and
peripheral

adaptations (primarily improving skeletal muscle

mitochondrial function and increasing capillaries) (40). Our
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further
importance of “exercise intervention type” on improving the CRF

subgroup analyses results emphasize the clinical
in women. The American College of Sports Medicine (ACSM)
recommended combination of aerobic and resistance exercise
programs for maintaining of cardiorespiratory and musculoskeletal
fitness in healthy adults (41). Nevertheless, our findings revealed
that any mode of exercise, including aerobic, resistance, or
combined training is effective in improving the CRF in post-
menopausal women. These findings indicate that post-menopausal
women can get beneficial effects with either type of exercise
intervention. Some previous meta-analyses also claimed the
positive effects of aerobic (10), high-intensity interval (42),
resistance (43), and combined (15, 44, 45) training on CRF in adults.

Loss of muscular strength is associated with disability and all-
cause mortality in several clinical populations (46), and is also
important for post-menopausal women as women experience
dramatic loss of muscular strength after menopause (47, 48).
Muscular strength, is therefore a modifiable risk factor that could
be intervened among women who are post-menopausal and/or as
women enter into the menopausal transition. Previous meta-
analyses have confirmed the effectiveness of exercise training,
especially resistance training on muscular strength gains (14, 15,
49). However, to the best our knowledge, no meta-analysis has
been confirmed the exercise effect in post-menopausal women.
Results from our meta-analysis indicated that exercise training
effectively increased lower- and upper-body muscular strength, as
well as handgrip strength in post-menopausal women. These
results were consistent with previous meta-analyses in adults, older
adults, and very old adults, as well as in patients with type 2
diabetes (13, 15, 50-52). The current meta-analyses also evaluated
the specific type of exercise, and showed that resistance training
was effective in improving all three strength outcomes including
lower- and upper-body muscular strength, and handgrip strength
among women. On the other hand, aerobic training was also
effective in improving the lower-body muscular strength, and not
upper-body muscular strength. Therefore, a combination of
aerobic and resistance training may be optimal in women to
maintain their physical function and daily living activities during
or after menopause. Resistance training has been recommended as
an effective and safe intervention for all ages, to prevent muscular
strength loss according to a position statement by the ACSM (41,
53). Resistance training-induced increased muscular strength
depends on exercise intensity and volume, but, regardless of those
variables, resistance exercise training can improved strength
through neural, muscular, and metabolic adaptations. Therefore, it
is not surprising that resistance exercise training is effective in
increasing the muscular strength in post-menopausal women. In
particular, despite lower baseline muscular strength in women
when compared with men, meta-analytic evidence suggests that
older women exhibited greater relative increases compared to older
men in lower-body strength, with no sex differences in changes of
relative upper-body strength (54). Although specificity of training
suggests that aerobic training is mainly used to improve
cardiorespiratory fitness and reduce fat mass, these meta-analytic
results indicated that aerobic and combined training are also
effective in increasing lower-body muscular strength, though the
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effect sizes were not as large as the effects of resistance training alone.
There are some studies stating that aerobic based training may have
antagonistic effects on increasing muscular mass and strength (55—
58); however, these previous results may not be generalizable in
post-menopausal women or older adults (15, 59, 60), and lower
baseline muscular strength may allow for achievement of greater
adaptations (60).

Furthermore, showed that beneficial
adaptation in CRF and muscular strength occurred regardless of

subgroup analyses

intervention durations and ages of participants. These are
clinically important findings and show that the beneficial effects
of exercise can be obtained at any age and with both medium-
and long-term intervention durations in post-menopausal
women. However, there are few limitations that should be
considered. For both CRF and muscular strength we included
studies regardless of the methods and units of measurement of
outcomes, which did not allow us to use WMD for calculation
of effect sizes. Subsequently, we were not able to report units of
change that were easily interpretable for assessment of clinical
meaning of the effects. Finally, a significant heterogeneity
indicated for all results, which may be due to the differences in
ages and health statuses of the participants; components of the
exercise protocols, such as intensity, duration, or frequency; as

well as measurement methods of the reported outcomes.

Conclusion

Our systematic review and meta-analysis provides a large-body of
evidence that exercise training is effective in improving the CRF and
muscular strength in post-menopausal women. To be specific,
increased CRF was noticed irrespective of exercise type, exercise
duration and age of post-menopausal women. Both aerobic and
resistance training alone or in combination, are effective in
improving the lower-body muscular strength, but resistance training
was the only exercise type that improved upper-body muscular
strength in women. The greater beneficial effects of exercise (either
type or any duration) on CRF indicating the potential clinical
importance of exercise intervention to treat or prevent the CVDs in
post-menopausal women (middle-aged or elderly).

Perspectives

Based on our findings, it is suggested that any type of exercise
training (aerobic, resistance or combination of both) at moderate-
intensity with a duration of 8-week or more would be beneficial in
improving the cardiorespiratory fitness among post-menopausal
women. For the improvement of whole-body muscular strength,
moderate-intensity resistance training with a duration of more
than 8-week, would be optimum. However, practicing of aerobic
exercise or combination of aerobic and resistance exercise also
improve lower-body muscular strength. For the frequency and
time of exercise, at least 3 sessions and a total of 150 min of
physical activity per week would be practically advisable to post-
menopausal women to achieve the adequate beneficial effects.
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Future studies

In this meta-analysis, we primarily focused and examined the
effects of exercise training in women with post-menopause stage.
We haven't included studies involving women with menopause,
and therefore, we couldn’t compare the differences between post-
menopausal and menopausal women in response to exercise
training. On the other hand, a recent meta-analysis stated that there
is no biological sex differences in relative muscle strength gain in
response to resistance exercise training (54). However, the sex-
specific response of other outcomes, like cardiorespiratory fitness,
lower-body muscular strength and upper-body muscular strength in
response to other types of exercises remains inconclusive. Therefore,
there is a scope for further studies to examine and compare the
exercise-mediated beneficial effects between menopausal and post-
menopausal women, as well as between age-matched males and
females on cardiorespiratory fitness and muscular strength.

Data availability statement

The original contributions presented in the study are included
in the article/Supplementary Material, further inquiries can be
directed to the corresponding authors.

Author contributions

MKh, AHM, MHS, MJP, SKR, MK and YF conceived and
designed the study; MK, AHM, MHS, HB and ME extracted the
data, MKh, AHM, MHS, YF and MK analyzed the data and
completed the initial draft of the results; MKh, MK and YL
drafted the initial manuscript; and SKR, MJP, MK and YF
revised the manuscript. All authors contributed to the article and
approved the submitted version.

Funding

This study was supported by the Public Welfare Project of
Jinhua City, Science and Technology Research Plan/Public Health
and Reproductive Health, and the grant number is 2021-4-228.
Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of
the authors and do not necessarily represent those of

frontiersin.org


https://doi.org/10.3389/fcvm.2023.1190187
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/

Khalafi et al.

their affiliated organizations, or those of the publisher, the
and the
evaluated in this article, or claim that may be made by

editors reviewers. Any product that may be

its manufacturer, is not guaranteed or endorsed by the
publisher.

References

1. Sui X, Sarzynski MA, Lee D-C, Kokkinos PF. Impact of changes in
cardiorespiratory fitness on hypertension, dyslipidemia and survival: an overview of
the epidemiological evidence. Prog Cardiovasc Dis. (2017) 60(1):56-66. doi: 10.1016/
j.pcad.2017.02.006

2. Lavie CJ, Church TS, Milani RV, Earnest CP. Impact of physical activity,
cardiorespiratory fitness, and exercise training on markers of inflammation.
] Cardiopulm  Rehabil ~Prev. (2011) 31(3):137-45. doi:  10.1097/HCR.
0b013e3182122827

3. Grundy SM, Barlow CE, Farrell SW, Vega GL, Haskell WL. Cardiorespiratory
fitness and metabolic risk. Am ] Cardiol. (2012) 109(7):988-93. doi: 10.1016/j.
amjcard.2011.11.031

4. Ghouri N, Purves D, McConnachie A, Wilson J, Gill J, Sattar N. Lower
cardiorespiratory fitness contributes to increased insulin resistance and fasting
glycaemia in middle-aged south Asian compared with European men living in the
UK. Diabetologia. (2013) 56:2238-49. doi: 10.1007/s00125-013-2969-y

5. Yang L, Smith L, Hamer M. Gender-specific risk factors for incident sarcopenia:
8-year follow-up of the English longitudinal study of ageing. ] Epidemiol Community
Health. (2019) 73(1):86-8. doi: 10.1136/jech-2018-211258

6. Buckinx F, Aubertin-Leheudre M. Sarcopenia in menopausal women: current
perspectives. Int ] Women’s Health. (2022) 14:805. doi: 10.2147/]JWH.S340537

7. Mercuro G, Saiu F, Deidda M, Mercuro S, Vitale C, Rosano GM. Impairment of
physical exercise capacity in healthy postmenopausal women. Am Heart J. (2006) 151
(4):923-7. doi: 10.1016/j.ahj.2005.06.027

8. Khoudary E, et al SR. Menopause transition and cardiovascular disease risk:
implications for timing of early prevention: a scientific statement from the
American heart association. Circulation. (2020) 142(25):¢506-32. doi: 10.1161/CIR.
0000000000000912

9. Lavie CJ, Ozemek C, Carbone S, Katzmarzyk PT, Blair SN. Sedentary behavior,
exercise, and cardiovascular health. Circ Res. (2019) 124(5):799-815. doi: 10.1161/
CIRCRESAHA.118.312669

10. Huang G, Gibson CA, Tran ZV, Osness WH. Controlled endurance exercise
training and VO2max changes in older adults: a meta-analysis. Prev Cardiol. (2005)
8(4):217-25. doi: 10.1111/j.0197-3118.2005.04324.x

11. Bouaziz W, Kanagaratnam L, Vogel T, Schmitt E, Dramé M, Kaltenbach G, et al.
Effect of aerobic training on peak oxygen uptake among seniors aged 70 or older: a
meta-analysis of randomized controlled trials. Rejuvenation Res. (2018) 21(4):341-9.
doi: 10.1089/rej.2017.1988

12. Lai CC, Tu YK, Wang TG, Huang YT, Chien KL. Effects of resistance training,
endurance training and whole-body vibration on lean body mass, muscle strength and
physical performance in older people: a systematic review and network meta-analysis.
Age Ageing. (2018) 47(3):367-73. doi: 10.1093/ageing/afy009

13. Grgic J, Garofolini A, Orazem J, Sabol F, Schoenfeld BJ, Pedisic Z. Effects of
resistance training on muscle size and strength in very elderly adults: a systematic
review and meta-analysis of randomized controlled trials. Sports Med. (2020) 50
(11):1-17. doi: 10.1007/s40279-020-01331-7

14. Peterson MD, Rhea MR, Sen A, Gordon PM. Resistance exercise for muscular
strength in older adults: a meta-analysis. Ageing Res Rev. (2010) 9(3):226-37.
doi: 10.1016/j.arr.2010.03.004

15. Khalafi M, Sakhaei MH, Rosenkranz SK, Symonds ME. Impact of concurrent
training versus aerobic or resistance training on cardiorespiratory fitness and
muscular strength in middle-aged to older adults: a systematic review and meta-
analysis. Physiol Behav. (2022) 254:113888. doi: 10.1016/j.physbeh.2022.113888

16. Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD,
et al. The PRISMA 2020 statement: an updated guideline for reporting systematic
reviews. Int J Surg. (2021) 88:105906. doi: 10.1016/j.ijsu.2021.105906

17. Higgins JP, Thomas J, Chandler J, Cumpston M, Li T, Page MJ, et al. Cochrane
handbook for systematic reviews of interventions. John Wiley & Sons (2019).

18. Khalafi M, Malandish A, Rosenkranz SK. The impact of exercise training on

inflammatory markers in postmenopausal women: a systemic review and meta-
analysis. Exp Gerontol. (2021) 150:111398. doi: 10.1016/j.exger.2021.111398

19. Vancampfort D, Rosenbaum S, Schuch F, Ward PB, Richards ], Mugisha J, et al.
Cardiorespiratory fitness in severe mental illness: a systematic review and meta-
analysis. Sports Med. (2017) 47(2):343-52. doi: 10.1007/s40279-016-0574-1

Frontiers in Cardiovascular Medicine

1

10.3389/fcvm.2023.1190187

Supplementary material

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fcvm.2023.
1190187/full#supplementary-material.

20. Wan X, Wang W, Liu J, Tong T. Estimating the sample mean and standard
deviation from the sample size, median, range and/or interquartile range. BMC Med
Res Methodol. (2014) 14(1):135. doi: 10.1186/1471-2288-14-135

21. Hozo SP, Djulbegovic B, Hozo I. Estimating the mean and variance from the
median, range, and the size of a sample. BMC Med Res Methodol. (2005) 5(1):13.
doi: 10.1186/1471-2288-5-13

22. Duval S, Tweedie R. Trim and fill: a simple funnel-plot-based method of testing
and adjusting for publication bias in meta-analysis. Biometrics. (2000) 56(2):455-63.
doi: 10.1111/j.0006-341X.2000.00455.x

23. Sui X, Hooker SP, Lee I-M, Church TS, Colabianchi N, Lee C-D, et al. A
prospective study of cardiorespiratory fitness and risk of type 2 diabetes in women.
Diabetes Care. (2008) 31(3):550-5. doi: 10.2337/dc07-1870

24. Liu R, Sui X, Laditka JN, Church TS, Colabianchi N, Hussey J, et al.
Cardiorespiratory fitness as a predictor of dementia mortality in men and
women. Med Sci Sports Exercise. (2012) 44(2):253. doi: 10.1249/MSS.
0b013e31822cf717

25. Sui X, LaMonte M]J, Blair SN. Cardiorespiratory fitness as a predictor of nonfatal
cardiovascular events in asymptomatic women and men. Am ] Epidemiol. (2007) 165
(12):1413-23. doi: 10.1093/aje/kwm031

26. LaMonte MJ, Eisenman PA, Adams TD, Shultz BB, Ainsworth BE, Yanowitz FG.
Cardiorespiratory fitness and coronary heart disease risk factors: the LDS hospital
fitness institute cohort. Circulation. (2000) 102(14):1623-8. doi: 10.1161/01.CIR.102.
14.1623

27. Blair SN, Kampert JB, Kohl HW, Barlow CE, Macera CA, Paffenbarger RS, et al.
Influences of cardiorespiratory fitness and other precursors on cardiovascular disease
and all-cause mortality in men and women. Jama. (1996) 276(3):205-10. doi: 10.1001/
jama.1996.03540030039029

28. Kodama S, Saito K, Tanaka S, Maki M, Yachi Y, Asumi M, et al.
Cardiorespiratory fitness as a quantitative predictor of all-cause mortality and
cardiovascular events in healthy men and women: a meta-analysis. Jama. (2009)
301(19):2024-35. doi: 10.1001/jama.2009.681

29. Snowden CP, Prentis J, Jacques B, Anderson H, Manas D, Jones D, et al.
Cardiorespiratory fitness predicts mortality and hospital length of stay after major
elective surgery in older people. Ann Surg. (2013) 257(6):999-1004. doi: 10.1097/
SLA.0b013e31828dbac2

30. Sui X, LaMonte MJ, Laditka JN, Hardin JW, Chase N, Hooker SP, et al.
Cardiorespiratory fitness and adiposity as mortality predictors in older adults. Jama.
(2007) 298(21):2507-16. doi: 10.1001/jama.298.21.2507

31. Burtscher J, Strasser B, Burtscher M, Millet GP. The impact of training on the
loss of cardiorespiratory fitness in aging masters endurance athletes. Int J Environ
Res Public Health. (2022) 19(17):11050. doi: 10.3390/ijerph191711050

32. Drzyzga CJ, Bahls M, Ittermann T, Vélzke H, Billow R, Hammer F, et al. Lower
cardiorespiratory fitness is associated with right ventricular geometry and function-
the Sedentary’s Heart: sHIP. | Am Heart Assoc. (2021) 10(22):e021116. doi: 10.
1161/JAHA.120.021116

33. Hawkins SA, Wiswell RA. Rate and mechanism of maximal oxygen
consumption decline with aging: implications for exercise training. Sports Med.
(2003) 33:877-88. doi: 10.2165/00007256-200333120-00002

34. Boulé NG, Kenny GP, Haddad E, Wells GA, Sigal R]. Meta-analysis of the effect
of structured exercise training on cardiorespiratory fitness in type 2 diabetes mellitus.
Diabetologia. (2003) 46:1071-81. doi: 10.1007/s00125-003-1160-2

35. Lee J, Stone AJ. Combined aerobic and resistance training for cardiorespiratory
fitness, muscle strength, and walking capacity after stroke: a systematic review and
meta-analysis. ] Stroke Cerebrovasc Dis. (2020) 29(1):104498. doi: 10.1016/j.
jstrokecerebrovasdis.2019.104498

36. Smart TF, Doleman B, Hatt J, Paul M, Toft S, Lund JN, et al. The role of
resistance exercise training for improving cardiorespiratory fitness in healthy older
adults: a systematic review and meta-analysis. Age Ageing. (2022) 51(6):afac143.
doi: 10.1093/ageing/afac143

37. Wu Z-], Wang Z-Y, Gao H-E, Zhou X-F, Li F-H. Impact of high-intensity
interval training on cardiorespiratory fitness, body composition, physical fitness,
and metabolic parameters in older adults: a meta-analysis of randomized controlled
trials. Exp Gerontol. (2021) 150:111345. doi: 10.1016/j.exger.2021.111345

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fcvm.2023.1190187/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fcvm.2023.1190187/full#supplementary-material
https://doi.org/10.1016/j.pcad.2017.02.006
https://doi.org/10.1016/j.pcad.2017.02.006
https://doi.org/10.1097/HCR.0b013e3182122827
https://doi.org/10.1097/HCR.0b013e3182122827
https://doi.org/10.1016/j.amjcard.2011.11.031
https://doi.org/10.1016/j.amjcard.2011.11.031
https://doi.org/10.1007/s00125-013-2969-y
https://doi.org/10.1136/jech-2018-211258
https://doi.org/10.2147/IJWH.S340537
https://doi.org/10.1016/j.ahj.2005.06.027
https://doi.org/10.1161/CIR.0000000000000912
https://doi.org/10.1161/CIR.0000000000000912
https://doi.org/10.1161/CIRCRESAHA.118.312669
https://doi.org/10.1161/CIRCRESAHA.118.312669
https://doi.org/10.1111/j.0197-3118.2005.04324.x
https://doi.org/10.1089/rej.2017.1988
https://doi.org/10.1093/ageing/afy009
https://doi.org/10.1007/s40279-020-01331-7
https://doi.org/10.1016/j.arr.2010.03.004
https://doi.org/10.1016/j.physbeh.2022.113888
https://doi.org/10.1016/j.ijsu.2021.105906
https://doi.org/10.1016/j.exger.2021.111398
https://doi.org/10.1007/s40279-016-0574-1
https://doi.org/10.1186/1471-2288-14-135
https://doi.org/10.1186/1471-2288-5-13
https://doi.org/10.1111/j.0006-341X.2000.00455.x
https://doi.org/10.2337/dc07-1870
https://doi.org/10.1249/MSS.0b013e31822cf717
https://doi.org/10.1249/MSS.0b013e31822cf717
https://doi.org/10.1093/aje/kwm031
https://doi.org/10.1161/01.CIR.102.14.1623
https://doi.org/10.1161/01.CIR.102.14.1623
https://doi.org/10.1001/jama.1996.03540030039029
https://doi.org/10.1001/jama.1996.03540030039029
https://doi.org/10.1001/jama.2009.681
https://doi.org/10.1097/SLA.0b013e31828dbac2
https://doi.org/10.1097/SLA.0b013e31828dbac2
https://doi.org/10.1001/jama.298.21.2507
https://doi.org/10.3390/ijerph191711050
https://doi.org/10.1161/JAHA.120.021116
https://doi.org/10.1161/JAHA.120.021116
https://doi.org/10.2165/00007256-200333120-00002
https://doi.org/10.1007/s00125-003-1160-2
https://doi.org/10.1016/j.jstrokecerebrovasdis.2019.104498
https://doi.org/10.1016/j.jstrokecerebrovasdis.2019.104498
https://doi.org/10.1093/ageing/afac143
https://doi.org/10.1016/j.exger.2021.111345
https://doi.org/10.3389/fcvm.2023.1190187
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/

Khalafi et al.

38. Farrell SW, Braun L, Barlow CE, Cheng Y], Blair SN. The relation of body mass
index, cardiorespiratory fitness, and all-cause mortality in women. Obes Res. (2002) 10
(6):417-23. doi: 10.1038/0by.2002.58

39. Moradpour F, Jahromi MK, Fooladchang M, Rezaei R, Khorasani MRS.
Association between physical activity, cardiorespiratory fitness, and body
composition with menopausal symptoms in early postmenopausal women.
Menopause. (2020) 27(2):230-7. doi: 10.1097/GME.0000000000001441

40. Lee ], Zhang X. Physiological determinants of VO2max and the methods to
evaluate it: a critical review. Sci Sports. (2021) 36(4):259-71. doi: 10.1016/j.scispo.
2020.11.006

41. Garber CE, Blissmer B, Deschenes MR, Franklin BA, Lamonte MJ, Lee I-M, et al.
American College of sports medicine position stand. Quantity and quality of exercise
for developing and maintaining cardiorespiratory, musculoskeletal, and neuromotor
fitness in apparently healthy adults: guidance for prescribing exercise. Med Sci
Sports Exercise. (2011) 43(7):1334-59. doi: 10.1249/MSS.0b013e318213fefb

42. Sultana RN, Sabag A, Keating SE, Johnson NA. The effect of low-volume high-
intensity interval training on body composition and cardiorespiratory fitness: a
systematic review and meta-analysis. Sports Med. (2019) 49(11):1687-721. doi: 10.
1007/s40279-019-01167-w

43. Ashton RE, Tew GA, Aning JJ, Gilbert SE, Lewis L, Saxton JM. Effects of short-
term, medium-term and long-term resistance exercise training on cardiometabolic
health outcomes in adults: systematic review with meta-analysis. Br ] Sports Med.
(2020) 54(6):341-8. doi: 10.1136/bjsports-2017-098970

44. Pito PG, Cardoso JR, Tufano J, Guariglia D. Effects of concurrent training on
1IRM and VO2 in adults: systematic review with meta-analysis. Int J Sports Med.
(2021) 43(4):297-304. doi: 10.1055/a-1506-3007

45, Hurst C, Weston KL, McLaren SJ, Weston M. The effects of same-session
combined exercise training on cardiorespiratory and functional fitness in older
adults: a systematic review and meta-analysis. Aging Clin Exp Res. (2019) 31
(12):1-17. doi: 10.1007/s40520-019-01124-7

46. Volaklis KA, Halle M, Meisinger C. Muscular strength as a strong predictor of
mortality: a narrative review. Eur ] Intern Med. (2015) 26(5):303-10. doi: 10.1016/j.
€jim.2015.04.013

47. Phillips S, Rook K, Siddle N, Bruce S, Woledge R. Muscle weakness in women
occurs at an earlier age than in men, but strength is preserved by hormone
replacement therapy. Clin Sci. (1993) 84(1):95-8. doi: 10.1042/cs0840095

48. Elliott K, Sale C, Cable N. Effects of resistance training and detraining on muscle
strength and blood lipid profiles in postmenopausal women. Br ] Sports Med. (2002)
36(5):340-4. doi: 10.1136/bjsm.36.5.340

Frontiers in Cardiovascular Medicine

12

10.3389/fcvm.2023.1190187

49. Lu L, Mao L, Feng Y, Ainsworth BE, Liu Y, Chen N. Effects of different exercise
training modes on muscle strength and physical performance in older people with
sarcopenia: a systematic review and meta-analysis. BMC Geriatr. (2021) 21(1):1-30.
doi: 10.1186/s12877-020-01943-8

50. Liu Cj, Latham NK. Progressive resistance strength training for improving
physical function in older adults. Cochrane Database Syst Rev. (2009) 3. doi: 10.
1002/14651858.CD002759.pub2

51. Medicine, A.C.0.S. American College of sports medicine position stand.
Progression models in resistance training for healthy adults. Med Sci Sports Exerc.
(2009) 41(3):687-708. doi: 10.1249/MSS.0b013e3181915670

52. Lee J, Kim D, Kim C. Resistance training for glycemic control, muscular
strength, and lean body mass in old type 2 diabetic patients: a meta-analysis.
Diabetes Ther. (2017) 8:459-73. doi: 10.1007/s13300-017-0258-3

53. Kraemer WJ, Adams K, Cafarelli E, Dudley GA, Dooly C, Feigenbaum MS, et al.
American College of sports medicine position stand. Progression models in resistance
training for healthy adults. Med Sci Sports Exerc. (2002) 34(2):364-80. doi: 10.1097/
00005768-200202000-00027

54. Jones MD, Wewege MA, Hackett DA, Keogh JWL, Hagstrom AD. Sex
differences in adaptations in muscle strength and size following resistance training
in older adults: a systematic review and meta-analysis. Sports Med. (2021) 51
(3):503-17. doi: 10.1007/s40279-020-01388-4

55. Hickson RC. Interference of strength development by simultaneously training
for strength and endurance. Eur J Appl Physiol Occup Physiol. (1980) 45(2):255-63.
doi: 10.1007/BF00421333

56. Kraemer WJ, Patton JF, Gordon SE, Harman EA, Deschenes MR, Reynolds K,
et al. Compatibility of high-intensity strength and endurance training on hormonal
and skeletal muscle adaptations. J Appl Physiol. (1995) 78(3):976-89. doi: 10.1152/
jappl.1995.78.3.976

57. Nader GA. Concurrent strength and endurance training: from molecules to man.
Med Sci Sports Exerc. (2006) 38(11):1965. doi: 10.1249/01.mss.0000233795.39282.33

58. Bell G, Syrotuik D, Martin T, Burnham R, Quinney H. Effect of concurrent strength
and endurance training on skeletal muscle properties and hormone concentrations in
humans. Eur ] Appl Physiol. (2000) 81:418-27. doi: 10.1007/s004210050063

59. Karavirta L, Hakkinen A, Sillanp3i E, Garcia-Lopez D, Kauhanen A, Haapasaari
A, et al. Effects of combined endurance and strength training on muscle strength,
power and hypertrophy in 40-67-year-old men. Scand ] Med Sci Sports. (2011) 21
(3):402-11. doi: 10.1111/j.1600-0838.2009.01059.x

60. Lovell DI, Cuneo R, Gass GC. Can aerobic training improve muscle strength and
power in older men? J Aging Phys Act. (2010) 18(1):14-26. doi: 10.1123/japa.18.1.14

frontiersin.org


https://doi.org/10.1038/oby.2002.58
https://doi.org/10.1097/GME.0000000000001441
https://doi.org/10.1016/j.scispo.2020.11.006
https://doi.org/10.1016/j.scispo.2020.11.006
https://doi.org/10.1249/MSS.0b013e318213fefb
https://doi.org/10.1007/s40279-019-01167-w
https://doi.org/10.1007/s40279-019-01167-w
https://doi.org/10.1136/bjsports-2017-098970
https://doi.org/10.1055/a-1506-3007
https://doi.org/10.1007/s40520-019-01124-7
https://doi.org/10.1016/j.ejim.2015.04.013
https://doi.org/10.1016/j.ejim.2015.04.013
https://doi.org/10.1042/cs0840095
https://doi.org/10.1136/bjsm.36.5.340
https://doi.org/10.1186/s12877-020-01943-8
https://doi.org/10.1002/14651858.CD002759.pub2
https://doi.org/10.1002/14651858.CD002759.pub2
https://doi.org/10.1249/MSS.0b013e3181915670
https://doi.org/10.1007/s13300-017-0258-3
https://doi.org/10.1097/00005768-200202000-00027
https://doi.org/10.1097/00005768-200202000-00027
https://doi.org/10.1007/s40279-020-01388-4
https://doi.org/10.1007/BF00421333
https://doi.org/10.1152/jappl.1995.78.3.976
https://doi.org/10.1152/jappl.1995.78.3.976
https://doi.org/10.1249/01.mss.0000233795.39282.33
https://doi.org/10.1007/s004210050063
https://doi.org/10.1111/j.1600-0838.2009.01059.x
https://doi.org/10.1123/japa.18.1.14
https://doi.org/10.3389/fcvm.2023.1190187
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/

	Influence of exercise type and duration on cardiorespiratory fitness and muscular strength in post-menopausal women: a systematic review and meta-analysis
	Introduction
	Methods
	Search strategy
	Study selection and inclusion and exclusion criteria
	Data extraction and synthesis
	Quality assessment and sensitivity analysis
	Statistical analysis

	Results
	Description of included studies
	Characteristics of participants and exercise training
	Exercise training promotes CRF in post-menopausal women
	Exercise training improves lower-body muscular strength in post-menopausal women
	Resistance training increases upper-body muscular strength in post-menopausal women
	Resistance and combined trainings increase handgrip strength of post-menopausal women

	Discussion
	Conclusion
	Perspectives
	Future studies
	Data availability statement
	Author contributions
	Funding
	Conflict of interest
	Publisher's note
	Supplementary material
	References


