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Introduction: We conducted a systematic review and meta-analysis to
investigate the effect of exercise training on body composition outcomes in
postmenopausal women.

Methods: PubMed, Web of Science, CINAHL, and Medline were searched to
identify the randomized controlled trials which evaluated effect of exercise
training versus control in postmenopausal women. Standardized mean
differences (SMD), weighted mean differences (WMD) and 95% confidence
intervals (95% Cls) were calculated using random effects model.

Results: One hundred and one studies involving 5,697 postmenopausal women
were included in the meta-analysis. Results indicated that exercise training
effectively increased muscle mass/ volume, muscle and fiber cross-sectional
area and fat-free mass, and decreased fat mass, body fat percentage, waist
circumference and visceral fat. Furthermore, subgroup analyses results revealed
that aerobic and combined training had greater beneficial effects on fat mass
outcomes, whereas resistance and combined training had greater beneficial
effects on muscle mass outcomes.
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Discussion: Overall, our results revealed that exercise training is effective for
improving body composition in postmenopausal women. To be specific, aerobic
training is effective on fat loss, whereas resistance training is effective on muscle
gain. However, combination of aerobic and resistance trainings may be
considered a viable strategy to improve body composition in postmenopausal

women.

Systematic review registration: https://www.crd.york.ac.uk/prospero/, identifier

CRD42021283425.
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Introduction

The postmenopausal phase in women is a critical stage of
aging represented by unavoidable changes in the production of
endogenous sex hormones, and results hormonal imbalance (1-3).
These hormonal changes are associated with increased risks for
developing obesity, metabolic syndrome, type 2 diabetes mellitus,
and cardiovascular diseases (CVD) (4-6). During the postmenopausal
stage, women may experience a series of physiological changes in
several cardiometabolic health outcomes (7, 8). Some of the common
changes include increased body weight and fat mass, especially
redistribution of body fat toward abdominal areas, which
contributes to the development of negative cardiometabolic
outcomes (9-11). In this regard, menopausal age in women may be
associated with increased prevalence of obesity and obesity-related
disorders, including metabolic syndrome (12). In the United States,
the prevalence of obesity is approximately 65% among women aged 40
to 65 years (13).

Insufficient physical activity is associated with poor menopausal
outcomes and increased health risk during the postmenopausal
stage of life (14), while lifestyle interventions with either type of
exercise is appropriate and effective in promoting the physiological
or psychological outcomes in postmenopausal women (15). As a
non-pharmacological strategy, exercise training has been shown to
be effective, safe, and important to attenuate the age-induced health
adversities, and may attribute to improve cardiometabolic outcomes
(16, 17). The beneficial effects of exercise intervention are mainly
relied on the type of exercise. Resistance training (RT) is known for
improving the muscle strength and mass, as well as benefitting the
sarcopenia-related phenotypes (18-21). Aerobic training (AT) is
known for improving pulmonary function and decreasing fat mass,
especially visceral fat in older adults (22-24). However, it is claimed
that AT also improves muscle function and lead to skeletal muscle
hypertrophy. Therefore, AT also considered as a viable training
method to combat sarcopenia in the elderly population (25-27).
Besides, previous meta-analyses have confirmed the beneficial
effects of RT on muscle mass (28, 29) and AT on fat mass (22) in
older adults.
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Although several meta-analyses have explored the effects of
exercise training in older adults, yet no meta-analysis focused on
postmenopausal women and their physical fitness status. Given that
this population is affected by hormonal imbalance during aging,
such hormonal changes are associated with poor outcomes in health
and fitness related variables. The aim of this systematic review and
meta-analysis was to elucidate the effects of exercise training on
body composition, including muscle mass, fat-free mass (FFM), fat
mass, body fat percentage, waist circumference, and visceral fat in
postmenopausal women. Subgroup analyses were conducted for the
variables, including age of participants, and duration and type of
exercise training (aerobic, resistance, and combined) to identify the
influential variable and to emphasize the practical and clinical
importance of exercise.

Methods

This systematic review and meta-analysis was conducted in
accordance with the latest guidelines of Preferred Reporting Items
for Systematic Review and Meta-Analysis (PRISMA) (30), and the
Cochrane Handbook of Systematic Reviews of Interventions (31).
This study was registered with PROSPERO International
prospective register of systematic reviews (ID: CRD42021283425).

Systematic search strategy

A systematic search was conducted in electronic databases,
including PubMed, Web of Science, CINAHL, and Medline for
research published from inception to October 2021 to identify
original articles using the following search strategy:
(“menopausal” or “post menopause” or “post-menopause” or
“menopause” or “elderly women” or “older women”) AND
(“exercise” or “exercise training” or “physical activity”). The
search strategy was adapted for each database and was conducted
using “AND” and “OR” Boolean operators. When available in the
respective databases, limitations were applied for English language,
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human participants, article/document type, and randomized
controlled trials. In addition, reference lists of all retrieved records
and previous meta-analyses (32, 33) were screened for relevant
articles. After removing duplicate publications, the titles, abstracts,
and keywords of the remaining studies were screened to assess the
study eligibility for full-text review against inclusion and exclusion
criteria. Then, the full-texts of the studies that met criteria were
further screened. The search strategy and screening processes were
conducted independently by two authors (AM and MS), and any
disagreements were resolved through discussion with another
author (MKh).

Inclusion and exclusion criteria

According to the PRISMA latest guidelines (30) and our study
purpose, we have followed these criteria to include or exclude the
articles. Inclusion criteria were as follows: (a) English language,
peer-reviewed articles; (b) randomized controlled trials that
included exercise training versus non-exercise (control) groups;
(c) studies on postmenopausal women; (d) studies measured the
main outcomes at baseline and post-intervention; and (e)
intervention durations > 4 weeks. In order to maximize
generalizability, participants included middle-aged to older
women who were postmenopausal, ranging from healthy (absence
of disease diagnosis) to frail with chronic diseases. Exercise training
modalities included any mode of exercise training, such as aerobic
training, resistance training, combined training, functional training,
yoga, high-intensity interval training (HIIT) and Tai chi. For the
main outcomes, studies were included that measured at least one of
the following body composition item: muscle mass and volume,
muscle and fiber cross-sectional area (CSA), fat-free mass (FFM)
(or lean mass if FFM was not available), fat mass, body fat
percentage, waist circumference, and visceral fat. Body
composition outcomes were measured by magnetic resonance
imaging (MRI), computerized tomography (CT), ultrasound,
densitometry, dual energy X-ray absorptiometry (DXA), hydro-
densitometry, or In-body and/or whole-body air plethysmography
(BodPod) (34). Waist circumference was measured by tape and
recorded in cm or inches. Exclusion criteria include non-English,
non-full text articles (conference abstracts), intervention with a
duration of less than 4 weeks, and non-original studies.

Data extraction and synthesis

Two reviewers (A H M and M H S) independently extracted the
following data from each included study: 1) study characteristics,
including study design and year of publication; 2) participant
characteristics, including sample size, biological sex, health status,
age, and body mass index (BMI); 3) intervention characteristic,
including training type, intensity, frequency, duration; and
supervision of exercise sessions; 4) outcome variables and
assessment methodologies; 5) pre- and post-intervention means
and standard deviations (SD), or mean changes and their SD values
for outcomes. When required, the means and SDs were calculated
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from the reported standard errors, medians, ranges and/or
interquartile ranges as described previously (31, 35, 36). In
addition, when required, Getdata Graph Digitizer software was
used for extracting data from figures (37). For studies with multiple
intervention arms, all comparisons were included and subsequently
the sample size of the repeated intervention was divided by the
number of comparisons to avoid double counting. Furthermore, for
studies that did not provide sufficient information, we have
contacted the corresponding author of the relevant articles.

Quality assessment and sensitivity analysis

The methodological quality for each included study was
assessed by two independent reviewers (AM and MS) using the
Physiotherapy Evidence Database (PEDro) tool (38), and any
disagreements were resolved through discussion with another
author (MKh). This tool examined the following domains:
eligibility criteria, random allocation of participants, allocation
concealment, group similarity at baseline, blinding of participants,
blinding of intervention providers, assessors blinded, outcome
measures assessed in 85% of participants, intention-to-treat
analysis, reporting of between groups statistical comparisons and
point measures, and measures of variability reported for main
effects. However, we excluded 2 items including blinding of
participants and intervention providers because these could not
feasibly be blinded with regard to assigned exercise conditions
during studies, and this may not influence the quality of studies
(39). Therefore, study quality was assessed based on the remaining 9
items. Each source of bias was judged as low, high, or unclear (due
to insufficient detail) (Supplementary Table 2). In addition,
sensitivity analyses were performed by omitting each study
individually to determine whether results changed significantly.

Statistical analysis

Meta-analysis was conducted using random effects models using
the DerSimonian and Laird approach (39) to calculate standardized
mean differences (SMD) or weighted mean differences (WMD) and
95% confidence intervals (Cls) for comparing the effects of exercise
training versus control on muscle mass and volume, muscle and fiber
CSA, FEM, fat mass, body fat percentage, visceral fat mass, and waist
circumference. In addition, several sub-group analyses were performed
based on age (middle-aged: <65yrs and older adults: >65yrs), type of
training (aerobic, resistance, combined) and intervention duration
(medium-term: <16 weeks, long-term: >16 weeks). Subgroup
analyses were performed when there were more than 3 interventions
for each subgroup. Interpretation of effect sizes was conducted using
Cochrane guidelines as follows: 0.20-0.49 indicating small effect size,
0.5-0.79 indicating medium effect size, and >0.8 indicating large effect
size (40). Statistical heterogeneity was evaluated using Cochran Q tests
and I* statistics as follows: 25% indicating low heterogeneity, 50%
indicating moderate heterogeneity, and 70% indicating high
heterogeneity (41). Publication bias was assessed with visual
interpretation of funnel plots and Egger’s tests as secondary
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determinants of bias at a cut-point of p<0.10 (42). In addition, trim and
fill correction was used to address the potential effects of publication
bias where relevant (43).

Results
Included study characteristics

The search strategy retrieved 990 records from PubMed, 1,290
records from Web of Science, 942 records from CINAHL, and 1,292
records from MEDLINE. After examination for duplicates, 1,998
articles were excluded, and then 2,223 articles were excluded after
reviewing the titles and abstracts. A total of 294 articles were
identified for full-text assessment based on inclusion and
exclusion criteria. An additional 196 articles were excluded due to
the reasons presented in Figure 1. Finally, 101 articles of
randomized controlled trials with parallel arm-trials were
included in the meta-analysis (Figure 1).

Participant characteristics

A total of 5,697 postmenopausal women were included in the
meta-analysis. The mean age of participants was ranged from 51 to

)

10.3389/fendo.2023.1183765

~89 yrs., and the mean BMI was ranged from 21 to 34 kg.m?
Sample size of individual studies was ranged from 14 to 320
participants. To increase the generalizability of our meta-analysis
results, postmenopausal women regardless of their health status,
comprised a wide range of health (absence of disease) and chronic
disease characteristics (metabolic diseases, cardiovascular diseases,
cancer, and osteoporosis) were included. Full details of participant
characteristics are summarized in Supplementary Table 1.

Intervention characteristics

Exercise training characteristics are summarized in Supplementary
Table 1. All included studies compared the effects of exercise training
versus a control group using random allocation. Intervention durations
of included studies was ranged from 4 weeks to 18 months, while
frequency of exercise sessions was ranged from 1 to 7 per week, with
three sessions being the most common. For type of exercise training,
most of the included studies conducted aerobic, resistance, or
combined training, and others used water-based exercise, yoga, Tai
chi, Pilates, yoga and Korean dance, and functional training. Exercise
training was supervised in several studies, while other studies followed
both supervised and unsupervised exercise training during the
intervention period. However, supervision details were not clearly
reported in few studies.

Additional records identified through
other sources

(n=32)

Records excluded by title and abstract

(n=2517)

c
o Records identified through database
‘é searching: PubMed, Web of Science,
= CINAHL, and Scopus (4515)
c
(7]
=
) A
Records after duplicates removed
(n =2517)
-
=
<
[
[
=
=3
w Records screened /

(n=2219)

Full-text articles excluded, with reasons

— }

(0=189)

Did not masseur main outcomes (67)

Had crossover design (7)

Were performed in men or pre-menopause
women (11)

Published more than once (28)

Did not randomized groups (9)

Had defects in data (21)
Had not assay dependent variables (26)
Had not an exercisc intervention (7)

Had not control group (11)
Their subjects were trained (4)

Did not include enough information to

perform a meta-analysis (4)

Full-text articles assessed for
2 cligibility (n=294) >
2
i
® l
Studies eligible for the meta-
analyses (n=105)
—
3 l
(7]
T
% Studies included in
£ quantitative synthesis (meta-
analysis) (n=101)

FIGURE 1
Flow diagram of systematic literature search.
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Meta-analysis

Body composition
Muscle mass

Based on 26 intervention arms, exercise training increased
muscle mass/volume (SMD: 0.26; 95% CI: 0.13, 0.39; P=0.001)
(Figure 2). There was no significant heterogeneity amongst the
included studies (I* = 0.00%; p=0.99). Visual interpretation of funnel
plots suggested publication bias, but the Egger’s test did not indicate
bias was present (p=0.35). After accounting missing studies (5
studies) with the trim and fill method, the overall change was
0.20 (95% CI: 0.08, 0.32). In addition, sensitivity analysis by
omitting individual studies showed that significance did not
change. Subgroup analyses revealed a significant increase in
muscle mass in middle-aged (SMD: 0.26, p=0.01) and older
adults (SMD: 0.26, p=0.001), with resistance training (SMD: 0.27,
p=0.001), combined training (SMD: 0.26, p=0.02), in medium-term

10.3389/fendo.2023.1183765

interventions (SMD: 0.26, p=0.002) and long-term interventions
(SMD: 0.26, p=0.008) (Supplementary Table 3).

Muscle and fiber CSA

Based on 15 intervention arms, exercise training increased
muscle and fiber CSA (SMD: 0.50; 95% CI: 0.25, 0.75; P=0.001)
(Figure 3). There was no significant heterogeneity amongst included
studies (I = 0.00%; p=0.49). Visual interpretation of funnel plots did
not suggest publication bias, but the Egger’s test did indicate that
bias was likely (p=0.002). In addition, sensitivity analysis by
omitting individual studies showed that significance did not
change. Subgroup analyses revealed a significant increase in
muscle mass in older adults (SMD: 0.59, p=0.001), with resistance
training (SMD: 0.57, p=0.001), in medium-term interventions
(SMD: 0.64, p=0.02) and long-term interventions (SMD: 0.44,
p=0.005) (Supplementary Table 3).

Model ~Studyname Statistics for each study
Stddiff Standard Lower Upper
inmeans  eror  Variance limit limit

Aragaoetal. 2014 0233 0161 0026 -0082 0548
Cassioetal. 2014 0Mf7 0493 0243 -0850 1083
Chenetal. 2018 0162 0349 012 -052 0846
Coslho-Jnior etal. 201%a 083 0513 0263 -0172 1839
Coslho-J7nior etal. 2019 0460 0481 0232 -0483 1404
Cunhaetal. 2018a 0487 0377 0142 025 126
Cunhaetal. 20180 05177 03B 0154 -0253 1287
doNascimentoet al. 2018 0130 0302 0091 -0462 0721
Gonz?lez-Ravé et . 20202 0346 0581 0337 -0792 1484
Gonz?lez-Raé et . 20200 03% 0550 0337 -0801 1474
Gonz?lez-Rané et . 2020c 0492 058 0341 -0652 1637
Jang and Park 2021 0024 0474 025 -0953 0906
Lizoetal. 2018 0179 0272 0074 -0355 0712
Monteiroetal. 2010 0260 0183 0033 -0089 0627
Ohetal. 2021 0171 0373 0139 -0902 0559
Orsatti et al. 2008 052 0310 00% -007%6 1.141
Parketal. 2021 0026 0283 0080 -0520 0580
Puetal. 2001 0557 054 0296 -050 1603
Rezende etal. 2016 0064 0317 0100 -0557 0685
Ribeiroetal. 2017a 0164 0340 016 -0503 0830
Ribeiroetal. 2017b 0190 032 0124 -04%9 0880
Souzaetal. 2017 0300 0315 0009 -0318 0917
Tomeleri et al. 2018 0686 0307 0094 0085 1288
Urzi etal. 2019 0341 045 0205 -05%6 1228
Yoonetal. 2017a 0161 0568 032 -0951 1274
Yoonetal. 20170 034 0670 0449 -0970 1657
Rendom 0265 006 0004 0136 0393

$Std diff in means and 95% CI

Z-Value p-Value

0.147 1
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FIGURE 2
Forest plot of the effects of exercise training versus
mean difference.

control on muscle mass. Data are reported as SMD (95% confidence limits). SMD, standardized

Model  Studyname Statistics for each study
Std diff ~ Standard Lower Upper
inmeans error Variance  limit limit

Charetteetd. 191a 0571 0502 0252 -0413 1586
Charetteetd. 191b 2206 0610 0372 101 3401
De\Vitoetal. 1999 0076 0450 0202 -0806 0957
Fronteraetal. 2008 0515 0543 02%5 -050 1580
Puetd. 2001a 0440 0541 0293 -0620 1500
Pueta. 2001b 0.3% 0540 0291 -0662 1453
Sipil? and Suarrinen. 1995a 0.180 0479 020 -0760 1120
Sipil? and Suorrinen. 19950 0.066 0517 0267 -0947 1078
Strancberg etdl. 201% 0253 0439 0192 -0606 113
Strancberg et dl. 201% 0406 0441 01% -0459 1271
Teeffeetd. 1996a 0951 0557 0310 -0140 2042
Teeffeeta. 19960 0808 ost 0261 -0198 1809
Teeffeeta. 19%6c 08¢ 054 0307 -0191 1980
Teeffeetal. 199%6d 0842 0512 0202 -0161 1846
Tedffeeta. 2006 0.100 038 0150 -0660 089
Random 0501 0128 0016 0250 0751
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FIGURE 3

Forest plot of the effects of exercise training versus control on muscle and fiber CSA

standardized mean difference
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FFM

Based on 56 intervention arms, exercise training increased
FFM (WMD: 0.66 kg; 95% CI: 0.50, 0.81; P=0.001) (Figure 4).
There was no significant heterogeneity amongst included studies
(r
suggested publication bias, but the Egger’s test did not indicate

0.00%; p=0.62). Visual interpretation of funnel plots

bias was present (p=0.18). After accounting missing studies (6
studies) with the trim and fill method, the overall change was
0.66 kg (95% CI: 0.45, 0.87). In addition, sensitivity analysis by
omitting individual studies showed that significance did not
change. Subgroup analyses revealed a significant increase in
FFM mass in middle-aged (WMD: 0.71 kg, p=0.001) and older
adults (WMD: 0.86 kg, p=0.001), with resistance training (WMD:
0.90 kg, p=0.001), combined training (WMD: 0.68 kg, p=0.001),
water-based training (WMD: 2.49 kg, p=0.005), in medium-term
interventions (WMD: 0.83 kg, p=0.001) and long-term
interventions (WMD: 0.79 kg, p=0.001) (Supplementary Table 3).

Fat mass

Based on 43 intervention arms, exercise training decreased fat
mass (WMD: -1.27 kg; 95% CI: -1.93, -0.62; P=0.001) (Figure 5).
There was significant heterogeneity amongst included studies
(I* = 56.46%; p=0.001). Visual interpretation of funnel plots
suggested publication bias, but the Egger’s test did not indicate
bias was present (p=0.54). After accounting missing studies (16

10.3389/fendo.2023.1183765

studies) with the trim and fill method, the overall change was
-2.63 kg (95% CI: -2.63, -1.38). Sensitivity analysis by omitting
individual studies showed that significance did not change.
Subgroup analyses revealed a significant decrease in fat mass in
middle-aged adults (WMD: -1.15, p=0.001), with aerobic training
(WMD: -1.94, p=0.001), in medium-term interventions (WMD:
-1.17, p=0.002), and long-term interventions (WMD: -1.24, p=0.02)
(Supplementary Table 3).

Body fat percentage

Based on 85 intervention arms, exercise training decreased
body fat percentage (WMD: -1.86%; 95% CI: -2.42, -1.29;
P=0.001) (Figure 6). There was significant heterogeneity
77.20%; p=0.001). Visual
interpretation of funnel plots suggested publication bias, but the

amongst included studies (I*

Egger’s test did not indicate bias was present (p=0.59). After
accounting missing studies (28 studies) with the trim and fill
method, the overall change was -2.59% (95% CI: -3.11, -2.06). In
addition, sensitivity analysis by omitting individual studies
showed that significance did not change. Subgroup analyses
revealed a significant decrease in fat percentage in middle-aged
adults (WMD: -1.92%, p=0.001) and older adults (WMD: -1.76%,
p=0.001), with resistance training (WMD: -1.20%, p=0.001),
aerobic training (WMD: -1.68%, p=0.001), combined training
(WMD: -2.24%, p=0.001), in medium-term interventions

Model ~ Studyname Statistics for each study

Difference ~ Standard Lower  Upper

inmeans error  Variance  limit limit

Ades et al. 2005 0.100 1733 3005 3297 3497
Aragao et al. 2014 1470 0.804 0646 0106 3.046
Bea et al. 2010 0.836 0.181 0033 0481 1191
Boutcher et al. 2019 0.950 1.781 3471 2540 4440
Caoetal. 2019 2100 1.653 2731 5339 1139
Cavalcante et al. 2018a 0.500 2207 4870 3825 4825
Cavalcante et al. 20180 0500 2182 4762 BT77  ATTT
Conceig?o et al. 2013 1.090 1.509 2277 1867 4047
do Nascimento et al. 2018 0.340 1.229 151 2069 2749
Dobeket al. 2014 0.600 1942 3773 3207 4407
Elsangedy et al. 2021 1.500 1.905 3631 2235 5235
Englund et al. 2005 0.200 0.986 0972 2132 1732
Figueroa et al. 2003 1.100 0.286 0082 0540 1.660
Figueroa et al. 2011 0.000 1279 1637 2508 2508
Fourie et al. 2013 1.830 2,019 4076 2127 5787
Friedenreich et al. 2011 0.100 0.161 0026 0216 0416
Fiitzet al. 2018a 0.880 0818 0669 0723 2483
Fiitzet al. 20180 0630 0704 0496 0750 2010
Gadelha et al. 2016 0.790 0.219 0048 0360 1.220
Gerage etal. 2013 0.000 1722 2966 3376 3376
Ha etal. 2021 3540 1842 3394 0071 7.5
Holsgaard-Larsen et al. 2011 0.800 1.504 2262 2148 3748
Imetal. 2019 0.680 1794 3219 2836 4196
Janzen et al. 2006a 1.400 0.449 0202 0520 2280
Janzen et al. 2006b 1.600 0475 0225 0670 2530
Kallinen et al. 2002a 0.200 1.802 3249 3733 3333
Kallinen et al. 20020 0.500 2.106 4435 3628 4628
Lee etal. 2012 0.750 1913 3661 4500  3.000
Maddalozzo et al. 2007 1.800 1474 2174 1090 4690
Marcos-Pardo et al. 2019 1.140 0.380 0144 0395 1885
Mar?n-Cascales et al. 2015 1.000 2.176 4735 3265 5265
Marques et al. 2011 1.200 1435 2059 1612 4012
Marques et al. 2011-2a 1.100 1.838 3379 2503 4703
Marques et al. 2011-2b 4.200 2776 7705 1241 9641
Morison et al. 1986 0500 1582 2504 2602 3602
Newes et al. 2017 1.300 1459 2129 1560 4160
Nicholson et al. 2015 0.890 1.084 1176 3015  1.235
Ohetal. 2017 0.200 1.662 2762 3057 3457
Paolillo et al. 2014 1.000 25811 7900 6509 4509
Pospieszna et al. 2017 0.330 0.854 0729 1344 2004
Ribeiro et al. 2020 0.600 1.467 2152 2275 3475
Saarto etal. 2012 0.355 0.226 0051 0088 0798
Santos etal. 2019 0.700 1.867 3487 2960 4360
Seoetal. 2021 0.300 1.010 1019 1679 2279
Shawetal. 2016 1.030 1792 3211 2482 4542
Son etal. 2020 1.000 0.769 0592 0508 2508
Taaffe etal. 2005 1.300 1679 2820 1992 4592
Tanetal. 2018 0.700 2318 5372 3843 5243
Tsourlou et al. 2006 1.600 1.440 2073 1222 4422
von Stengel etal. 2012 0.800 1194 1425 1540 3140
Son and Park 2021 1.000 0.801 0642 0571 2571
Sipila and Suominen. 1995a 0.500 2,061 4248 3539 4539
Sipild and Suominen. 1995b 0.200 1.856 3444 3837 3437
Wong et al. 2018 0.200 2.164 4682 4041 4441
Wong et al. 20182 4.300 1.189 1415 1969 6631
Yoo etal. 2010 1472 1.586 2516 1637 4581
Random 0.662 0,078 0006 0509 0815
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FIGURE 4
Forest plot of the effects of exercise training versus control on FFM. Data are
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Model  Studyname Statistics for each study

Difference Standard Lover Upper

inmeans  emor  Variance limit limit

Ades etal. 2005 -1.000 3057 9348 6992 4992
Aragaoetal. 2014 0720 1438 2068 -3538 2098
Beaetal. 2010 0820 0408 0167 -1620 -0020
Boutcher et . 2019 -1.400 2677 7167 6847 3847
Caoetal. 2019 -4.200 2125 4515 -8365 -0035
Canalcante et al. 20182 -1.000 3646 13204 8146 6146
Canalcante et al. 20180 1.100 3548 12587 8054 58%
Chenetal. 2018 1.210 2467 6085 -6045 3625
Conceig?oetal. 2013 2240 2288 5235 6724 2244
doNascimentoetal. 2018 0310 1910 3650 4054 3434
Dobeketal. 2014 1400 2853 8140 -41%2 6992
dos Santos et al. 2020a -1.400 35N 12328 -8282 5482
dos Santos et al. 20200 1200 4028 16223 -90%4 6634
Elsangedyet al. 2021 -1.500 1806 3263 -5040 2040
Englund et al. 2005 0200 2147 4609 -4008 4408
Figueroa etal. 2003 -1600 0909 087 -3382 0182
Figueroa etal. 2011 0000 1776 315  -3482 3482
Fourie etal. 2013 1310 2463 6065 -6137 3517
Friedenreich etal. 2011 2000 0303 0092 -25% -1407
Gerageetal. 2013 -0600 2401 5763 -5305 4105
Holsgaard-Larsen et al. 2011 -0.300 333 1125 6837 6237
Imetal. 2019 0290 1990 3961 -4191 361
Jang and Park 2021 0230 2484 671 4639 509
Kimetal. 2016 -0.100 1M 1285 2278 2078
Morrison et al. 1986 0700 2798 7808 6175 4775
Newes etal. 2017 -1.800 2438 5946 6579 2979
Nicholson etal. 2015 -0060 2383 5678 -4731 46M
Ohetal. 2021 -1.270 2682 719 6527 3967
Ohetal. 2017 0.100 1638 2682 -3310 310
Padlilloetal. 2014 -3.000 3728 13900 -10307 4.307
Parketal. 2021 -1670 1440 2075 -4493 1153
Pospieszna etal. 2017 -1480 1166 1360 -3766 0806
Rezendeetal. 2016 -049%0 2509 6756 -5584 4604
Ribeiro et al. 2020 -0600 2702 7308 -5897 4697
Saartoetal. 2012 -0018 0329 0108 -0663 0627
Santos etal. 2019 0480 3279 10752 5947 6907
Seoetal. 2021 0200 1457 2124 -26% 3056
Shawet al. 2016 -1.760 1895 3580 -5473 1953
Tenetd. 2018 -3300 1468 215% -6178 -042
Verschueren et al. 2004 0958 238 5701 5638 372
Wong etal. 2018 -0800 0957 0915 -2675 1075
Wong etal. 2018-2 5300 0501 0251 -6282 -4318
Yooetal. 2010 2745 2715 7311 -8066 2576
Random -1.278 03% 012 -194 -062
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FIGURE 5

Forest plot of the effects of exercise training versus control on fat mass. Data are reported as WMD (95% confidence limits). WMD, weighted mean

difference.

(WMD: -1.79%, p=0.001) and long-term interventions (WMD:
-1.82%, p=0.001) (Supplementary Table 3).

Waist circumference

Based on 26 intervention arms, exercise training decreased
waist circumference (WMD: -1.45 cm; 95% CI: -2.05, -0.83;
P=0.001) (Figure 7). There was no significant heterogeneity
0.00%; p=0.79). Visual
interpretation of funnel plots suggested publication bias, but the

amongst included studies (I*

Egger’s test did not indicated that bias was present (p=0.63). After
accounting missing studies (3 studies) with the trim and fill method,
the overall change was -1.35 cm (95% CI: -1.96, -0.74). In addition,
sensitivity analysis by omitting individual studies showed that
significance did not change. Subgroup analyses revealed a
significant decrease in waist circumference in middle-aged
(WMD: -1.42 cm, p=0.001), older adults (WMD: -1.50 cm,
p=0.04), with aerobic training (WMD: -2.30 c¢m, p=0.001),
combined training (WMD: -1.66 c¢m, p=0.03), in medium-term
interventions (WMD: -2.69 cm, p=0.001) and long-term
interventions (WMD: -1.18 ¢cm, p=0.002) (Supplementary Table 3).

Visceral fat

Based on 11 intervention arms, exercise training decreased
visceral fat (SMD: -0.38; 95% CI: -0.62, -0.14; P=0.002)
(Figure 8). There was significant heterogeneity amongst included
studies (I* = 53.64%; p=0.01). Visual interpretation of funnel plots
suggested publication bias, but the Egger’s test did not indicate bias
was present (p=0.61). After accounting missing studies (1 studies)
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with the trim and fill method, the overall change was -0.34 (95% CI:
-0.59, -0.10). In addition, sensitivity analysis by omitting individual
studies showed that significance did not change.

Discussion

In this meta-analysis with a large sample size, we have assessed
the effects of exercise training on body composition, including
muscle mass, muscle and fiber CSA, lean mass or fat-free mass,
fat mass, body fat percentage, waist circumference, and visceral fat
in postmenopausal women. Our main findings revealed that
exercise training positively influenced the body composition
components, including muscle mass, muscle fiber CSA, FEM, fat
mass, body fat percentage, waist circumference, and visceral fat in
postmenopausal women. Greater beneficial effects on fat mass
outcomes were evidenced with aerobic training, whereas greater
beneficial effects on muscle mass outcomes were reported with
resistance training. In addition, a majority of these beneficial effects
appears to be occurred with medium- and long-term interventions
and also in middle-aged and older postmenopausal women.

Muscle mass outcomes

The loss of muscle mass is considered to be an important
contributor of strength loss in older adults with advancing age (44).
Menopausal period is associated with loss of muscle mass and
muscle strength, which may progress to sarcopenia over a period of
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Model  Study name Statistics for each study
Difference Standard Lower Upper
inmeans  error Variance limit limit
Ades et al. 2005 0700 1870 3498 4366 2966 -0.374
Aragao et al. 2014 1530 1105  1.221 3696 0636 -1.385
Bea et al. 2010 1280 0411 0169 2085 0475 3118
Boutcher et al. 2019 1600 1507 2270 4553 1353 -1.062
Blain etal. 2017 0480 0982 0964 2404 1444 0489
Campa et al. 2018 1900 0787 0619 3442 0358 2416
Cao etal. 2019 2900 1845 3403 6515 0715 -1.572
Cao et al. 2009 2500 1558 2426 -5553 0553 -1.605
Coelho-J?nioretal. 2019a  0.900 2970  8.818 4.920 6720 0303
Coelho-J?nioretal. 2019b 0400 3248 10.551 -6.766 5966 -0.123
Conceig?o et al. 2013 8050 2179 4750 7.322 1222 1399
Correa et al. 2014a 1200 2522 6361 3743 6.143 0476
Correa et al. 2014b 0900 2750 7562 4490 6290 0.327
Cunha etal. 2018a 1000 2572 6.613 6040 4040 -0389
Cunha et al. 2018b 3100 2806  7.674 8600 2400 -1.105
Cunha etal. 2021a 3220 2853 8141 8812 2372 -1.129
Cunha et al. 2021b 1720 2759 7614 7128 3688 -0.623
De Vito etal. 1999 0200 1510 2281 2760 3.160 0.132
doNascimento etal. 2018 0590 1919 3684 4352 3172 0307
Elsangedy et al. 2021 0900 2031 4126 4881 3081 -0443
Faramarzi et al. 2018a 2590 0827 0684 4210 0970 -3.133
Faramarzi et al. 2018b 2890 0834 0696 4525 -1.255 -3.464
Faramarzi et al. 2018c 1770 0644 0415 3.032 0508 -2.749
FélixSoriano et al. 2021 0500 0421 0177 -0.326 1326 1.187
Figueroa et al. 2003 1900 0630 0397 3.135 -0665 -3.015
Flynn et al. 1999 1100 2319 5376 5644 3444 0474
Fourie etal. 2013 1860 1719 2956 5230 1510 -1.082
Friedenreich et al. 2011 1800 0272 0074 2332 1268 -6.627
Fiitzetal. 2018a 1370 0710 0505 2762 0022 -1929
Fitz et al. 2018 4120 0612 0374 2319 0079 -1.831
Gadelha etal. 2016 0420 0476 0226 -1.352 0512 -0.883
Gerage et al. 2013 0600 2208 4876 4928 3728 0272
Gonz?lezRavé etal. 2020a 0500 2557 6536 5511 4511 0196
Gonz?lezRavé etal. 2020b -0.880 2979  8.875 6719 4959 0295
Gonz?lezRavé etal. 2020c -1.100 2917 8510 6818 4618 -0377
Grove and Londeree. 1992a 2900 3591 12.894 9938 4.138 -0.808
Grove and Londeree. 1992b -0.700 5280 27.881 -11.049 9649 -0.133
Gualano etal. 2014 000 2875 8267 -0635 10635 1.739
Ha etal. 2021 5880 3684 13574 -13.101 1341 -1.596
Hoseini et al. 2020 7100 1647 2713 -10.328 3872 431
Im et al. 2019 0560 1595 2545 -3.687 2567 -0.351
Kallinen et al. 2002a 0500 3416 11672 7.196 6.196 -0.146
Kallinen et al. 2002b 1700 4007 16054 9553 6.153 -0.424
Kim et al. 2016 0200 1139 1297 2432 2032 0176
Lee etal. 2012 3110 1408 1981 5869 0351 -2.209
Liao et al. 2018 1440 1204 1449 3799 0919 -1.196
Maddalozzo et al. 2007 0400 1648 2716 3630 2830 -0.243
Malandish et al. 2020 2080 2007 4030 6015 1855 -1.036
Marcos-Pardo etal. 2019 2560 0573 0328 -3.683 -1.437 4468
Marques et al. 2011 2300 0901 0812 4066 -0534 -2552
Marques et al. 2011-2a 0200 1486 2208 313 2713 0135
Marques et al. 2011-2b 3000 1703 2902 6339 0339 -1.761
Morrison et al. 1986 1400 2819 7.946 6925 4125 0497
Neves et al. 2017 1700 1821 3316 5269 1869 -0.934
Nunes et al. 2016a 8000 2604 6781 8104 2104 -1.152
Nunes et al. 2016b 2500 1763 3107 5955 0955 -1418
Oh etal. 2021 1200 3402 11575 5468 7.868 0353
Orsatti et al. 2008 0400 2440 5955 4383 5183 0.164
Paolillo et al. 2014 2000 2214 4900 -6339 2339 -0.904
Parketal. 2021 1650 1791 3208 5160 1860 -0.921
Raso et al. 2007 2000 7210 51985 -16.131 12131 0277
Rezende et al. 2016 0650 1933 3735 4438 3138 0336
Ribeiro et al. 2020 1000 2160 4664 5233 3233 -0.463
Santos etal. 2019 0060 2380 5663 4.604 4724 0025
Seo etal. 2021 0100 1662 2763 -3.158 3.358  0.060
Shaw etal. 2016 4900 2171 4715 9156 0644 2257
Son et al. 2020 1700 1399 1.957 4442 1042 1215
Son etal. 2017 2390 3142 9875 -8549 3769 -0.761
Souza et al. 2017 400 2.166 4692 6646 1.846 -1.108
Sipil? and Suominen. 19952-1.700 4010  16.078 9559 6.159 -0.424
Sipil? and Suominen. 1995b-0.500  3.728  13.899 7.807 6.807 -0.134
Taaffe et al. 2005 41000 2345 5498 5596 3596 -0.426
Taheri and Irandoust. 2018 -1.200 0453 0205 -2.088 0312 -2.649
Tan etal. 2018 3600 1168 1365 5890 -1310 -3.081
Tomeleri etal. 2018 3100 1597 2550 6230 0030 -1.941
Tsutsumi et al. 1998a 2450 3151 9926 8625 3725 -0.778
Tsutsumi et al. 1998b 3430 3004 9022 9317 2457 -1.142
van Gemert et al. 2015 4300 0353 0125 -4.992 -3.608 -12.182
Verschueren et al. 2004 3600 1243 1546 -6.037 -1.163 -2.896
von Stengel et al. 2012 1300 1229 151 3709 1109 -1.058
Wen etal. 2017 1360 1412 1995 4128 1408 -0.963
Son and Park. 2021 3100 1472 2167 5985 0215 -2.106
Wong etal. 20182 12200 0691 0478 -13.555 10.845 -17.646
Yoon etal. 2017a 3210 3139 9850 9361 2941 -1023
Yoon etal. 2017b 2020 5221 27261 -8.213 12253 0.387
Random 1861 0287  0.082 2423 -1299 -6.488
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FIGURE 6

Forest plot of the effects of exercise training versus control on body fat percentage. Data are reported as WMD (95% confidence limits). WMD,

weighted mean difference

time (45), and this phenomenon is primarily linked with natural
decrease of estrogen in postmenopausal women (46-48). Natural
decline in estrogen was reported to cause endocrine dysfunction,
metabolic syndrome, decreased bone mass density, muscle mass
and strength, and increased visceral fat mass (45, 48). Nevertheless,
loss of muscle mass due to age cannot be ruled-out as older men
also represented with higher prevalence of sarcopenia. Previous
studies have shown sex-specific absolute loss of muscle loss, where
elderly men are likely to have more muscle mass than elderly
women, but tend to lose muscle mass faster (49-51). Although
men experienced greater loss of absolute muscle mass, women
experienced greater decrements in muscle quality (52). In this
context, either type of exercise training is a practical strategy to
prevent or delay the age-induced loss of muscle mass in men
and women.
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Previous reviews and meta-analyses have determined the
effectiveness of exercise training and indicated that exercise is a
one of the best approach to prevent and treat the muscle weakness
in older adults (53-56), however less is known about such benefits
among postmenopausal women specifically. Of particular
importance for postmenopausal women with a high risk for
sarcopenia, our results confirmed the positive effects of exercise
training on muscle mass. Although aerobic training may also have
minimal effects on muscle size (57), our results suggested that
resistance training is important for increasing muscle mass, and did
not indicate significant increases for aerobic training interventions.
Nevertheless, combined training was similarly effective as compared
with resistance training. These results are consistent with previous
meta-analyses indicating that resistance training increased muscle
mass in older adults and even very old adults (28, 56). Although
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Model  Study name Statistics for each study
Difference ~ Standard Lower
inmeans  error  Variance limit
Boutcher et al. 2019 0.700 4.229 17.881 7.588 8988
Campa et al. 2018 -1.600 3.301 10899 8070 4.870
Conceig?o et al. 2013 -1.730 3435 1.79% 8462 5002
Comea et al. 2014a 0.000 5.817 33834 11401 11.401
Corea et al. 2014b 0.200 4.426 19589 8475 8875
Faramarz et al. 2018a -4.450 2253 5077 886 -0.034
Faramarz et al. 2018b -2.460 2244 5035 688 1938
Faramarz et al. 2018c -2.810 2050 4203 6828 1208
Félix-Soriano et al. 2021 0.440 071 0505 0953 1833
Friedenreich et al. 2011 -2.300 0.553 0306 3384 -1.216
Leeet al. 2012 -1.690 0.825 0680 3306 -0.074
Marques et al. 2011 -1.000 1.741 3081 4412 2412
Marques et al. 2011-2a -1.800 3.501 12255 8661 5061
Marques et al. 2011-2b -1.200 3.950 15603 8942 6542
Mezini Filho et al. 2018 -2.000 2.300 5280 6507 2507
Nunes et al. 2016a -8.000 5.556 30.864 -18.889 2889
Nunes et al. 2016b -3.800 4.495 20209 -12611 501
Orsatti et al. 2008 -0.800 35615 12.357 7690  6.090
Park et al. 2017 -0.900 1295 1677 3438 1638
Rhodes et al. 2000 3.800 3519 12384  -3.007 10.697
Seoet al. 2021 -1.100 217 4480 5248 3048
Shawet al. 2016 -4.690 4.107 16.867 -12740  3.360
Tenet al. 2018 290 3774 14242 10296 4.4%
Tomeleri et al. 2018 -2.900 2637 6955 8089 2269
Vélez-Toral et al. 2017 -0.160 1.685 2840 3483 3143
Son and Park. 2021 -3.900 2801 7846 9390 1590
Random -1.457 0.314 0.009 2072 -0.841
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FIGURE 7

Forest plot of the effects of exercise training versus control on waist circumference. Data are reported as WMD (95% confidence limits). WMD,

weighted mean difference

older men may gain more absolute muscle size in response to
resistance exercise training, there are no biological sex differences in
relative muscle strength gains (54). The similar adaptations may be
due to the fact that neither protein synthesis nor mTOR signaling
differ between the biological sexes following resistance training (54).
Our results indicate that combined training is also effective for
increasing muscle mass and FFM, suggesting that in
postmenopausal women, muscle mass development can also be
improved by combining resistance training with aerobic training. In
addition, our results suggested that muscle mass and FFM were
increased irrespective of age groups in postmenopausal women.
These adaptions are consistent with previous reviews suggesting the
positive effects of resistance training in middle-aged, older, and very
old adults (28, 56, 58). In addition, subgroup analysis based on
intervention duration (medium-term: <16 weeks and long-term:

>16 weeks), increased muscle mass and FFM occurred regardless of
intervention duration. This results shows that exercise training with
duration <16 weeks can be also important for improving muscle.
However, it should be noted that muscle fiber CSA results should be
interpreted with caution due to the small number of studies in
some subgroups.

Fat mass outcomes

Despite the fact that exercise training is effective in reducing the fat
mass, evidence regarding the types of exercise training in
postmenopausal women is scarce. Although exercise training
combined with diet has been shown to be an effective strategy for
weight loss and fat mass reduction, regardless of exercise type, some

Model  Study name Statistics for each study
Stddiff  Standard Lower Upper
in means error Variance  limit limit

Aragao et al. 2014 0178 0160 0026 0493 0.136
Bea et al. 2010 0379 0167 0028 -0.707 -0.051
Boutcher et al. 2019 0142 0317 0100 0763 0478
Cao etal. 2019 0989 0401 0161 -1.776 -0.203
Chen etal. 2018 0233 0349 0122 0918 0452
FélixSoranoetal. 2021 0486 0321 0103 0.143 1115
Friedenreich et al. 2011 0.696 0117 0014 0925 0467
Lee et al. 2012 1142 0539 0201 2198 0085
Rashti et al. 20192 0432 0521 0271 1453 0589
Rashti et al. 2019b 0145 0522 0272 -1.168 0877
Tan etal. 2018 0705 0370 0437 -1431 0021

Random 0384 0124 0015 0626 -0.142

ZValue

Std diff in means and 95% CI

pValue
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FIGURE 8
Forest plot of the effects of exercise training versus control on visceral fat
mean difference.
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Data are reported as SMD (95% confidence limits). SMD, standardized
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systematic reviews and meta-analyses concluded that exercise
interventions effectively reduced fat mass (59-63). In general, our
results suggested that exercise training is effective for reducing the
adiposity markers including fat mass, body fat percentage, visceral fat,
and waist circumference. The potential mechanism for reductions in
adiposity are related to altered energy balance where energy is
expended during exercise as well as shortly after exercise as the body
recovers, and increases in resting metabolic rate that follow increased
lean body mass (64). However, it is important to note that the type of
exercise is important as a moderator of the effectiveness of exercise
training on fat mass. In this regard, previous systematic reviews have
shown that aerobic training is more effective in reducing body weight,
fat mass, and waist circumference when compared to resistance
training in individuals with BMIs > 25 kg/m? (65). In line with a
systematic review conducted by Schwingshackl and colleagues (65), our
results confirmed that aerobic training was effective in reducing fat
mass, with small effects for resistance training (-0.45 kg) and not
reaching statistical significance (p=0.06). Reductions in fat mass and
related indicators following aerobic training interventions may be due
to energy expenditure during the exercise bouts, which is likely to be
higher as compared with resistance training (65, 66). In addition, we
found that both aerobic and resistance trainings are effective in
reducing body fat percentage. However, it should be noted that body
fat percentage, particularly following resistance training interventions
may include reduced fat mass as well as increased FFM, and our results
also showed a significant increase in FFM with resistance training.
Furthermore, we found that aerobic training is effective in reducing
waist circumference and visceral fat, which was not the case for
resistance training with regard to waist circumference. Visceral fat is
known to be an important risk factor for many chronic diseases such as
type 2 diabetes and cardiovascular diseases (60). In addition, waist
circumference is considered as a surrogate clinical measure for visceral
(abdominal) fat mass (67). In our study, there were a small number of
studies that determined visceral fat, and therefore we could not perform
subgroup analysis. But subgroup analysis based on exercise type,
revealed significant reductions in waist circumference (-2.30 cm)
occurred with aerobic training. The results for aerobic training were
obtained from 3 studies, whereas there were 16 studies included
for resistance exercise, which should be considered when interpreting
the results. Furthermore, our results indicated that combined training
is effective for decreasing body fat percentage and waist circumference,
suggesting that this type of training may be a suitable strategy for
optimization of the combination of both fat loss and muscle gain in
postmenopausal women. For better understanding the role of
participants’ age and intervention duration on exercise-induced fat
loss, subgroup analyses were conducted, and found that fat loss
adaptations following training occurred regardless of age and
intervention duration. These results are important, especially
regarding age factor, indicating the effectiveness of exercise training
for postmenopausal women at any age. Exercise training is also
considered to be effective intervention for improving musculoskeletal
health by a positive effect on bone mineral density (68, 69).
Given that the increase in fat mass and the loss LBM affects on bone
mineral density in postmenopausal women (70), exercise training
may have a positive effect on bone mineral density by improving
body composition.
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Limitations

Our study has limitations that should be considered when
interpreting the results. For outcome assessments, included
studies measured body composition using different methods,
which may lead to differences in reported results. There were
significant heterogeneities among included studies with respect to
some outcomes that may be due to differences in exercise
interventions, participant characteristics, and the quality of the
included studies. We did not include any limitations regarding
the health of participants, and non-communicable chronic diseases
such as obesity and type 2 diabetes may influence exercise training
adaptations. In addition, we did not include any limitations on the
age of participants. However, we performed subgroup analysis on
middle-aged and older adults, showing positive effects of exercise
regardless of age. Finally, we did not include bone mineral density
as a outcomes

Conclusions

The current systematic review and meta-analysis demonstrated
that exercise training is effective in improving the body composition
in postmenopausal women, represented by increased muscle mass
and decreased fat mass, regardless of age and intervention duration.
In addition, our results confirmed that aerobic exercise is more
beneficial on fat loss, while resistance exercise is more beneficial on
muscle gain. Since body composition includes both lean and fat
tissue, a combination of aerobic and resistance exercise may be
beneficial to promote overall health among older women.
Additional studies on the effectiveness of combined training in
postmenopausal women depends on their physical fitness may be
necessary before recommendations.
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