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Background: Menopause is a transitional phase in a woman'’s life marked by a
heightened vulnerability to depressive symptoms. Exercise has emerged as a
promising non-pharmacological strategy for alleviating depression, yet the
extent to which different intervention characteristics influence outcomes
remains unclear.

Objective: This meta-analysis aimed to evaluate the overall effectiveness of
exercise interventions in reducing depressive symptoms among menopausal
women and to examine potential moderators through detailed
subgroup analyses.

Methods: A comprehensive search of four databases identified 16 randomised
controlled trials (RCTs) meeting the inclusion criteria. Standardised mean
differences (SMDs) were calculated to quantify effect sizes. Subgroup analyses
were conducted based on exercise format (individual vs. group), exercise type,
session length, total intervention duration, and menopausal stage. Sensitivity
analysis and Egger’s test were used to assess result stability and publication
bias, respectively.

Results: Exercise interventions were associated with a significant reduction in
depressive symptoms (SMD=-1.04, 95% Cl: -1.46 to -0.63, p < 0.00001).
Subgroup analyses indicated that individual-based formats, mind-body
exercises (e.g., yoga, tai chi), longer sessions (60-90 min), extended
intervention durations (>12 weeks), and interventions during the
perimenopausal stage produced greater effects. Egger’s test suggested no
significant publication bias (p=0.441), and sensitivity analyses confirmed the
robustness of the findings.

Conclusion: Exercise is an effective intervention for reducing depressive
symptoms in menopausal women. The magnitude of benefit varies by
intervention characteristics, underscoring the need for personalised, phase-
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specific exercise prescriptions. These findings provide a strong evidence base for
integrating structured exercise into mental health strategies targeting

midlife women.

Systematic Review Registration: https://www.crd.york.ac.uk/prospero/,
identifier CRD420251046026.

exercise intervention, menopause, depression, meta-analysis, randomised

controlled trials

1 Background

Depression is one of the most prevalent and disabling mental
health disorders worldwide (1, 2). According to the World Health
Organization, approximately 280 million people globally are
affected. Core symptoms include persistent low mood, anhedonia,
cognitive impairment, and somatic complaints (3). These
symptoms substantially diminish quality of life and are associated
with increased risks of social dysfunction, physical morbidity, and
suicide (4, 5). Notably, the burden of depression is unequally
distributed by gender, with women experiencing significantly
higher rates than men—an imbalance attributed to distinct
physiological and psychosocial stressors encountered throughout
life (6).

Menopause represents a critical window of vulnerability for
depression onset in women (7, 8). Defined as the biological
transition marked by declining ovarian function and the cessation
of menstruation—typically occurring between ages 45 and 55—this
period is associated with pronounced hormonal fluctuations and a
constellation of physiological and psychological symptoms,
including sleep disturbances, vasomotor symptoms, and
emotional instability (9, 10). A substantial body of evidence has
demonstrated that both perimenopausal and postmenopausal
women face an elevated risk of depression (11). While endocrine
changes are central, sociocultural stressors such as shifting familial
roles, caregiving burdens, and diminished social support also play
key roles (12, 13).

It is important to distinguish between physical activity and
exercise. Physical activity is broadly defined as any bodily
movement produced by skeletal muscles that requires energy
expenditure. In contrast, exercise is a more specific subset of
physical activity that is planned, structured, and repetitive, and
performed with the objective of improving or maintaining physical
fitness. In recent years, exercise has emerged as a promising non-
pharmacological intervention for depression (14). A growing body
of literature suggests that regular exercise can mitigate depressive
symptoms through mechanisms involving neurochemical
modulation, improved sleep quality, and enhanced self-efficacy
(15, 16). For individuals reluctant to use or unresponsive to
antidepressants, exercise offers a low-risk alternative. Evidence
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from studies involving menopausal women indicates that
modalities such as aerobic exercise, resistance training, tai chi,
and yoga may confer psychological benefits (17, 18). However,
the literature remains heterogeneous, and the influence of
intervention characteristics—such as mode, frequency, and
duration—warrants further synthesis.

Given the rising incidence of depression among menopausal
women and the expanding research on exercise-based
interventions, this study is both timely and necessary. Although
several randomised controlled trials (RCTs) have investigated the
therapeutic potential of exercise in this population, comprehensive
meta-analyses consolidating these findings remain limited. This
study aims to systematically review and quantitatively evaluate the
effects of exercise interventions on depressive symptoms in
menopausal women. In doing so, it also seeks to identify key
moderating variables, providing evidence-based guidance for the
development of tailored, scientifically grounded
intervention strategies.

2 Methods

This meta-analysis was performed according to the Preferred
Reporting Items for Systematic Reviews and Meta-Analysis
statement and the Cochrane Collaboration Handbook. The
protocol was registered on PROSPERO (CRD420251046026).

2.1 Data sources and searches

The systematic search was conducted by two independent
reviewers (LS and DY) in four databases: the Cochrane Library,
Embase, PubMed and Web of Science, and was designed to retrieve
articles up to April 2025, with disagreements resolved by consensus
and by a third reviewer (LY) in case of disagreement. Terms from
the Medical Subject Headings (MeSH) and words from the text
were used as follows: (“Menopause” OR “Change of Life, Female”)
AND (“Depression” OR “Depressive Symptoms” OR “Depressive
Symptom” OR “Symptom, Depressive” OR “Emotional
Depression” OR “Depression, Emotional”) AND (“Exercise” OR

frontiersin.org


https://www.crd.york.ac.uk/prospero/
https://doi.org/10.3389/fpsyt.2025.1641082
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org

Li et al.

“Exercises” OR “Physical Activity” OR “Activities, Physical” OR
“Activity, Physical” OR “Physical Activities” OR “Exercise,
Physical” OR “Exercises, Physical” OR “Physical Exercise” OR
“Physical Exercises” OR “Acute Exercise” OR “Acute Exercises”
OR “Exercise, Acute” OR “Exercises, Acute” OR “Exercise,
Isometric” OR “Exercises, Isometric” OR “Isometric Exercises”
OR “Isometric Exercise” OR “Exercise, Aerobic” OR “Aerobic
Exercise” OR “Aerobic Exercises” OR “Exercises, Aerobic” OR
“Exercise Training” OR “Exercise Trainings” OR “Training,
Exercise” OR “Trainings, Exercise”) Specific details of the search
algorithms for each database are provided in Supplementary
Material 1.

2.2 Inclusion and exclusion

This study was conducted in accordance with the PICOS
framework of the Cochrane systematic review methodology. The
following inclusion criteria were strictly defined: (P) Participants
were women in the peri-menopausal or postmenopausal stages,
generally aged 45 years or older, and explicitly identified as
menopausal in the original studies. (I) The intervention
comprised a single form of exercise, such as aerobic training,
resistance training, tai chi, or dance, with clearly reported
frequency, intensity, and duration. (C) The comparator group
received no intervention, routine health education, a waitlist
condition, or other non-exercise-based interventions. (O)
Outcomes were limited to those assessing changes in depressive
symptoms using validated, standardised measurement tools,
including the Beck Depression Inventory (BDI), Hospital Anxiety
and Depression Scale (HADS), Geriatric Depression Scale (GDS),
Self-Rating Depression Scale (SDS), the mental health component
of the 36-Item Short Form Health Survey (SF-36), General Health
Questionnaire-28 (GHQ-28), Symptom Checklist-90-Revised
(SCL-90-R), Patient Health Questionnaire-8 (PHQ-8), and Brief
Symptom Inventory-18 (BSI-18). (S)Only published randomised
controlled trials (RCTs) with full-text availability were included.

The following exclusion criteria were applied during the
screening process: (1) studies involving participants who were not
peri- or postmenopausal women; (2) comparator groups that did
not provide a valid baseline for comparison; (3) interventions
combining multiple treatment modalities or using non-exercise
strategies, precluding isolation of exercise effects; (4) insufficient
or unextractable data on intervention protocols or outcomes; (5)
studies lacking outcome indicators specifically related to depressive
symptoms; (6) protocols, pilot studies, or registration records
without reported results; and (7) study populations with
significant physical or mental comorbidities that could confound
depression assessments.

2.3 Assessment of risks of bias

In adherence to the esteemed Cochrane Collaboration
guidelines, reviewers LS and DY independently conducted a
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meticulous risk of bias assessment for each study included in our
analysis. The Cochrane Collaboration’s guidelines provide a
comprehensive and internationally recognized framework,
allowing for a standardized evaluation of each study’s
methodological rigor. This rigorous assessment process, rooted in
the Cochrane ethos, involves a detailed examination of potential
biases, including random sequence generation, allocation
concealment, blinding of participants and personnel (a
particularly complex issue in behavioural interventions),
completeness of outcome data, selective reporting, and other
sources of bias. All evaluations were independently performed by
the two reviewers, with any discrepancies resolved through
discussion or, if needed, consultation with a third reviewer (LY).
The results of this thorough risk of bias assessment are
systematically compiled in the Risk of Bias Table, presented in
Supplementary Material 2, offering a transparent and
comprehensive summary of the methodological quality of each
included study. Importantly, in interpreting the meta-analytic
findings and drawing conclusions about the efficacy of exercise
interventions for depression in menopausal women, these risk of
bias assessments were carefully taken into account. This process
ensures a balanced, evidence-based interpretation aligned with the
high standards of methodological integrity championed by the
Cochrane Collaboration.

2.4 Data extraction

Using a standardized data extraction form, two reviewers (LS
and DY) independently extracted relevant information from each
included study. The extracted data encompassed key study
characteristics, including author names, year of publication,
sample sizes of the intervention and control groups, age-related
characteristics of participants in both groups, type of intervention,
intervention duration, frequency, and session length, nature of the
control group, and outcome measures. The use of a standardized
form ensured consistency and accuracy across the data extraction
process, thereby minimizing potential errors and enhancing the
reliability of the dataset.

Each reviewer systematically recorded the required information,
and any discrepancies or uncertainties were resolved through
discussion or, when necessary, by consulting a third reviewer
(LY). This rigorous and methodical approach to data extraction
enabled the acquisition of comprehensive and trustworthy data
from the eligible studies, which served as the empirical foundation
for the subsequent meta-analysis. The complete set of extracted data
is provided in the supplementary materials, offering transparency
and facilitating a clear understanding of the fundamental
characteristics of the studies included in this review.

2.5 Assessment of overall effect size

Statistical analyses were performed using Review Manager
(RevMan) version 5.3. A total of sixteen studies were included in
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the meta-analysis, and overall effect sizes were calculated based on
the statistical results derived from standardized depression
measurement scales. To assess the magnitude of the intervention
effects, Hedges’ g standardized effect sizes were computed for each
study, with values of 0.2, 0.4, and 0.8 conventionally interpreted as
small, medium, and large effects, respectively. All effect sizes were
adjusted to ensure they reflected the expected direction of the
intervention, and statistical significance was defined as p < 0.05.
Given the variability in depression outcome measures across studies
on menopausal women, the standardized mean difference (SMD)
was employed as the effect size metric, allowing for the synthesis of
results across different scales. The SMD and corresponding 95%
confidence intervals (CIs) were calculated using the Practical Meta-
Analysis Effect Size Calculator (Wilson). To evaluate between-study
variability, heterogeneity was assessed using the Q statistic and the
I index. I? values of 0% indicated no heterogeneity, >25% low,
>50% moderate, and >75% high heterogeneity. In cases of moderate
to high heterogeneity, a random-effects model was applied to
account for inter-study variability; otherwise, a fixed-effects model
was used to pool the results. This statistical approach ensured a
robust and comprehensive evaluation of the effect of exercise

interventions on depression among menopausal women.

2.6 Subgroup analysis of exercise
intervention programmes

To further elucidate the effects of exercise intervention
characteristics on the reduction of depressive symptoms in
postmenopausal women, five predefined subgroup analyses were
conducted. These analyses were based on both intervention
modalities and participant characteristics. First, to examine the
potential moderating role of social engagement, exercise
interventions were categorised as either individual-based or group-
based, reflecting the organisational structure of participation. Second,
interventions were stratified by type of exercise, including aerobic
activity, mind-body practices (e.g., yoga, tai chi), and resistance
training, in order to compare differential impacts across modalities.
Third, the total intervention duration was analysed, grouping studies
into <12 weeks and >12 weeks to assess temporal influences on
treatment efficacy. Fourth, exercise sessions were categorised by per-
session duration (i.e., 30-60 minutes, 60 minutes, 60-90 minutes) to
evaluate potential dose-response relationships. Finally, subgroup
analyses were performed based on menopausal status
(perimenopausal vs. postmenopausal) to investigate differential
responsiveness across hormonal transition stages.

The included studies were stratified by the type of exercise
intervention. We classified interventions as ‘exercise’ only if they
were structured, planned, and met specific criteria such as a defined
frequency (e.g., three times per week), duration (e.g., 60 minutes per
session), and intensity (e.g., moderate intensity). For instance,
walking was classified as ‘aerobic exercise’ only when it was
prescribed with a specific structure and intensity, rather than as
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general physical activity. Similarly, mind-body practices like yoga or
tai chi were included as ‘exercise’ if they were part of a structured
program designed to improve health outcomes.

For all subgroup analyses, relevant data were extracted from the
included studies, and effect sizes (Hedges’ g) with 95% confidence
intervals were calculated using Review Manager v5.3. A significance
threshold of p < 0.05 was applied, and between-subgroup
heterogeneity was assessed using standard statistical tests. These
analyses aim to refine our understanding of how specific features of
exercise programmes influence depressive symptomatology in
menopausal women and to inform tailored intervention
strategies. The findings from the subgroup analyses are presented
in detail and further interpreted in the Discussion section to guide
future clinical and research applications.

3 Results
3.1 Search process

A total of 977 records were identified through database
searches. After removing 52 duplicates, 925 records remained for
initial screening. Title-based screening led to the exclusion of 744
articles deemed irrelevant, followed by the removal of 12 systematic
reviews or meta-analyses. As a result, 169 full-text articles were
assessed for eligibility.

Among these, 153 studies were excluded for the following
reasons: the study population did not include perimenopausal or
postmenopausal women (n=51); the control group design was
inadequate (n=6); the intervention involved multiple components
or non-exercise elements, precluding isolation of exercise effects
(n=21); intervention or outcome data were unavailable or not
extractable (n=4); outcome measures did not assess depressive
symptoms (n=38); only study protocols or trial registrations were
available with no reported outcomes (n=14); and the presence of
significant comorbidities among participants could have
confounded depression assessments (n=19).Ultimately, 16
randomised controlled trials met the inclusion criteria and were
included in the meta-analysis. The full literature screening process
is summarised in Figure 1. The activities listed in Table 1, such as
walking, dancing, and yoga, were all conducted as structured
exercise interventions within the context of the included studies.

3.2 Characteristics of the included studies
and participants

The characteristics of the 16 studies included in this meta-
analysis are summarised in Table 1. Detailed information is
provided on sample size, mean participant age, menopausal
status, intervention and control group design, type of exercise
intervention, intervention duration and frequency, as well as the
depression outcome measures used in each study.
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Records identified from databases (n=977)

——> | -

l

10.3389/fpsyt.2025.1641082

Records removed before screening
Duplicate records removed (n=52)

o Records excluded by the title (n=744)

Records screeneq (n=925)i

Full-text articles assessed

\

e Records excluded by the Meta analysis or
systematic review (n=12)

Full-text articles excluded (n = 153)

for eligibility (n=169)

depression(n=38)

Reasons for exclusion:

* Non menopausa (n=51)

o Control group does not meet requirements (n= 6)

o Multiple intervention methods or non exercise(n=21)
e Unable to obtain specific data(n=4)

o Outcome measures not associated with

e Just a research plan(n=14)
o Having other concurrent diseases(n=19)

A
16 articles included in
meta-analysis

FIGURE 1
Flowchart and selection of studies.

3.3 Risks of bias

All 16 included studies were judged to have a low risk of bias for
random sequence generation. Allocation concealment was
adequately reported in 9 studies and rated as low risk, while the
remaining 7 studies were assessed as having unclear risk due to
insufficient reporting. Participant blinding was associated with high
risk of bias in 10 studies. In terms of outcome assessor blinding, 7
studies were judged as low risk, and 3 were rated as unclear risk due
to lack of detail.

For incomplete outcome data, 13 studies were assessed as low
risk. Selective reporting was judged to be low risk in 5 studies, while
11 were rated as unclear due to limited reporting. Additionally, 13
studies were considered to have an unclear risk of other potential
sources of bias. A comprehensive summary of the risk of bias
assessment is provided in Supplementary Material 2.

3.4 Meta-analysis

3.4.1 Baseline period test

The 16 randomised controlled trials included in this meta-
analysis employed a range of depression assessment tools (e.g., BDI,
HADS, GDS, SDS, SF-36, GHQ-28, SCL-90-R, PHQ-8, BSI-18). To
account for differences in measurement scales, the standardised
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mean difference (SMD) was used to harmonise baseline depression
levels across intervention and control groups.

Meta-analytic results indicated no significant difference in
baseline depression scores between the two groups (SMD=0.06,
95% CI: -0.04 to 0.16; p=0.253), suggesting comparable levels of
depressive symptoms prior to intervention. This finding supports
the methodological integrity and comparability of subsequent effect
size estimations. Detailed baseline consistency results are presented
in Figure 2.

3.4.2 Meta-analysis result

This meta-analysis included 16 randomised controlled trials
that met the predefined inclusion criteria. The effectiveness of
exercise interventions in reducing depressive symptoms among
postmenopausal women was evaluated using the standardised
mean difference (SMD) as the measure of effect size. The pooled
analysis demonstrated a significant reduction in depressive
symptoms in the intervention group compared with controls
(SMD=-1.04, 95% CI: -1.46 to -0.63; p < 0.00001), indicating a
robust overall benefit of exercise interventions in this population.

The heterogeneity test revealed substantial between-study
variability (I’=93%, x*=213.87, df=16; p < 0.00001). To assess the
robustness of the findings, a sensitivity analysis was conducted by
sequentially excluding individual studies. The overall eftect size
remained stable, and heterogeneity levels showed minimal
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TABLE 1 Characteristics of the included studies and participants.

10.3389/fpsyt.2025.1641082

Studies Sa{lrwGr}léél)ze A(g:g/rca:rg_:))e Megtczl rtﬁgsal IG type Frequency/duration gz::z?;i
Abedi et al. (19) 49:48 52.4+3.8/53+4.1 postmenopausal walking /12 weeks BDI
Aibar-Almazan et al. (20) 55:52 69'98;76?166‘79 postmenopausal eiiel:ctiesse 2 times weekly/12 weeks HADS
Bernard et al. (21) 61:60 65.46+4.37/65.5£4.03 postmenopausal walking 3 times weekly/6months BDI
Carcelén-Fraile et al. (22) 57:68 69.70£6.15/69.75+6.76 postmenopausal qigong 2 times weekly/12 weeks HADS
Gao et al. (23) 26:24 54.5+4.5/53.5+4.7 perimenopausal dance 5 times weekly/3months SDS
Hu et al. (24) 40:40 52.60+4.12/54.15+2.32 postmenopausal walking 3 times weekly/4 months BDI
Jorge et al. (25) 40:19 54+6/55+4 postmenopausal yoga 2 times weekly/12 weeks BDI
Kai et al. (26) 20:20 51.0£7.0/51.2+7.9 perimenopausal stretching 7 times weekly/3 weeks SDS
Martin et al. (27) 95:92 56.5+6.7/57.1£6 postmenopausal g:;:z:; 3 times weekly/6 months SE-36
Nikkhah et al. (28) 43:41 postmenopausal walking 3 times weekly/12 weeks GHQ-28
Noh et al. (29) 21:19 59.38+3.76/58.21+3.99 postmenopausal walking 3 times weekly/12 weeks SCL-90-R
Villaverde Gutiérrez et al. (30) 27:30 postmenopausal C:}:iii::d a3 ;irlr:;sn\:::kly/ GDS
Sternfeld et al. (31) 78:133 55.8+3.6/54.2+3.5 postmenopausal g;er:cl:iz 3 times weekly/3 months PHQ-8
Imayama et al. (32) 117:87 58.1+50/57.4+ 44 | postmenopausal 1?:;:2; 5 times weekly/12 months BSI-18
Liu et al. (33) 32:34 47.2+1.2/47.8+2.5 perimenopausal Taiji 5 times weekly/12 weeks SDS
Martins et al. (34) 23:24 postmenopausal dance 2 times weekly/16 weeks HADS

IG, Intervention Group; CG, Control Group; BDI, Beck Depression Inventory; HADS, Hospital Anxiety Depression Scale; GDS, Geriatric Depression Scale; SDS, Self-Rating Depression Scale; SF-
36, 36-Item Short Form Health Survey; GHQ-28, General Health Questionnaire-28; SCL-90-R, Symptom Checklist-90-Revised; PHQ-8, Patient Health Questionnaire-8; BSI-18, Brief Symptom

Inventory-18.

fluctuation, suggesting that the results are not unduly influenced by
any single study.

It is worth noting that three of the included trials involved
perimenopausal rather than postmenopausal women, which may
have contributed to the observed heterogeneity. Nevertheless, the
beneficial effects of exercise on depressive symptoms were
consistent across different stages of the menopausal transition.
Despite the high heterogeneity, the analysis revealed a clear and
statistically significant effect, supporting the utility of exercise as a
non-pharmacological intervention with considerable potential for
alleviating depressive symptoms in menopausal women. Full results
of the analysis are presented in Figure 3.

3.4.3 Publication bias test

Publication bias was visually assessed using Egger’s publication
bias plot (Figure 4). To complement this, we conducted Egger’s test
to quantitatively evaluate the potential presence of small-study
effects and publication bias.

Egger’s test was selected for its suitability in detecting bias in
meta-analyses involving continuous outcomes, such as standardised
mean differences (SMDs), which were used in this study. The
method evaluates the regression of effect size on its standard
error, thereby identifying systematic asymmetry related to study
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precision. Compared to alternatives such as Begg’s test or funnel
plot inspection, Egger’s test is more sensitive in detecting small-
study effects—an important consideration given that several
included studies had relatively small sample sizes.

While Egger’s test has limitations—such as reduced sensitivity
to non-linear trends and susceptibility to distortion in the presence
of extreme heterogeneity—these concerns were judged to have
limited impact given the structure and characteristics of our
dataset. Alternative methods were also considered; however,
Egger’s test offered the most appropriate balance of sensitivity
and statistical rigour for the present analysis.

The results of Egger’s test (Figure 5) indicated no significant
evidence of publication bias. The bias coefficient was 0.982 (95% CI:
-1.67 to 3.64; p=0.441), and the slope term was also non-significant
(p=0.603), supporting the conclusion that small-study effects were
not a major source of distortion. These findings suggest that the
pooled effect estimates are robust and unlikely to be substantially
influenced by publication bias.

3.4.4 Subgroup analysis

Subgroup analyses were conducted to examine five key
characteristics of the exercise interventions: exercise format
(individual vs. group-based), type of exercise, duration of each
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Baseline period test

session, total intervention duration, and menopausal stage

of participants.

3.4.4.1 Individual versus group

To assess the influence of exercise format on intervention
outcomes, a subgroup analysis was performed comparing
individual-based versus group-based exercise interventions
(Figure 6). The analysis revealed that individual exercise

interventions yielded a stronger effect in reducing depressive
symptoms compared to group-based formats.

Specifically, the individual exercise subgroup (k=4)
demonstrated a pooled effect size of SMD=-1.43 (95% CI: -2.74
to -0.12; p=0.03), indicating a large and statistically significant
effect. However, substantial heterogeneity was present (I’=97%),
suggesting notable variability among studies. The studies in this
subgroup included interventions with relatively small sample sizes

Experimental Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean _SD Total Mean SD Total Weight [V, Random, 95% Cl IV, Random, 95% Cl
Abedi.P 2015 13.7 5 49 196 4.79 48 6.4% -1.20 [-1.63,-0.76)
Agustin Aibar-Almazan 2019 398 293 55 681 36 52 6.5% -0.86 [-1.26, -0.46] I
Bernard.P 2015 7.74 077 61 1052 0.78 60 6.1% -3.56 [-4.14,-2.99) +—
Carcelén-Fraile 2022 7.7 323 57 10.07 316 60 6.5% -0.74 [-1.11,-0.36) S
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FIGURE 3
Forest plot of exercise for depression in menopausal women
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Egger’s publication bias plot.

and varied measurement tools, which may have contributed to
the heterogeneity.

In comparison, the group-based exercise subgroup (k=12)
showed a significant but slightly smaller effect size of SMD=-0.91
(95% CI: -1.31 to —0.50; p < 0.0001), with moderate heterogeneity
(I’=90%). This suggests that while both individual and group
exercise formats are effective, individual interventions may confer
greater benefits in alleviating depressive symptoms among
menopausal women.

These findings underscore the potential value of personalised,
one-on-one exercise formats in mental health interventions during
menopause. However, the higher heterogeneity in the individual
subgroup warrants cautious interpretation and further research.

3.4.4.2 Menopausal stage

To explore whether menopausal stage influences the
effectiveness of exercise interventions on depressive symptoms,
subgroup analyses were conducted for postmenopausal and
perimenopausal women (Figure 7).

The postmenopausal group included 13 studies with a total of 706
participants. The meta-analysis revealed a statistically significant
reduction in depressive symptoms following exercise interventions,
with a pooled effect size of SMD=-0.93 (95% CI: -1.37 to -0.49; p <
0.0001). However, heterogeneity within this group was substantial
(I’=93%), indicating variability in study populations, intervention

Egger's test

10.3389/fpsyt.2025.1641082

4
precision

types, or assessment tools across the included trials. In contrast, the
perimenopausal subgroup comprised 3 studies and 78 participants.
This subgroup showed a larger pooled effect size of SMD=-1.56 (95%
CI: -2.60 to -0.51; p=0.004), suggesting a more pronounced response
to exercise interventions during the perimenopausal stage.
Heterogeneity within this subgroup was also high (I’=62%), though
notably lower than in the postmenopausal group.

These findings suggest that while exercise interventions are
effective across menopausal stages, the impact may be more
substantial during the perimenopausal phase, potentially due to
heightened symptom variability or hormonal fluctuations.
Nonetheless, the small number of studies in the perimenopausal
subgroup warrants cautious interpretation. Overall, the subgroup
analysis by menopausal stage reinforces the broader conclusion that
exercise serves as an effective, non-pharmacological strategy for
alleviating depressive symptoms among menopausal women.

3.4.4.3 Type of exercise

To examine whether the type of exercise modulates the
effectiveness of interventions on depressive symptoms, a subgroup
analysis was performed across five distinct exercise modalities:
aerobic exercise, mind-body exercise, mixed intervention, dance,
and stretching (Figure 8).

The aerobic exercise subgroup, consisting of 8 studies and 520
participants, showed a statistically significant effect in reducing

Std_Eff Coef. Std. Err. t P>|t] [95% Conf. Interval]
slope -.1349495 .2534465 -0.53 0.603 -.6785383 .4086393
bias .9816449 1.23749 0.79 0.441 -1.672507 3.635797

FIGURE 5
Egger's test
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FIGURE 6
Forest plot of subgroup analyses by individual versus group.

depressive symptoms (SMD=-0.88, 95% CI: -1.49 to -0.28;
p=0.004). However, the heterogeneity was high (1’=95%),
indicating considerable variation in intervention protocols,

populations, or outcome measurements.

Favours [experimental] Favours [control]

The mind-body exercise subgroup, which included yoga and tai

chi (4 studies, 184 participants), demonstrated a more pronounced
effect (SMD=-1.28, 95% CI: -1.95 to —-0.60; p=0.0002) with slightly
lower heterogeneity (I°=87%). These findings suggest that
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FIGURE 7
Forest plot of subgroup analyses by menopausal stage.
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FIGURE 8
Forest plot of subgroup analyses by type of exercise

integrating physical movement with mental focus may offer
enhanced benefits for mood regulation in menopausal women.

Only one study was classified under mixed interventions,
combining elements from multiple exercise modalities. This
intervention yielded the largest observed effect size (SMD=-2.42,
95% CIL: -3.11 to -1.73; p < 0.00001), but results should be
interpreted cautiously due to the single-study basis and lack of
heterogeneity estimation. For dance-based interventions (2 studies,
48 participants), the overall effect was not statistically significant
(SMD=-0.72, 95% CI: -2.14 to 0.70; p=0.32; I>’=91%), likely due to
high heterogeneity and limited sample size. Similarly, stretching
interventions, examined in a single study (n=20), showed a modest
but statistically significant reduction in depressive symptoms
(SMD=-0.68, 95% CI: -1.32 to -0.04; p=0.04).

Overall, the results indicate that aerobic and mind-body
exercises are the most consistently effective modalities, with
mind-body interventions showing particularly strong outcomes.
These findings provide preliminary evidence to support the
development of targeted exercise programs based on intervention
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type, although further studies are needed to confirm the efficacy of
less commonly used forms such as dance or stretching.

3.4.4.4 Exercise session lengths

To investigate the impact of session duration on the
effectiveness of exercise interventions, studies were categorised
into three subgroups based on the average length of each exercise
session: short-term (30-60 minutes), intermediate (60 minutes),
and long-term (60-90 minutes) (Figure 9).

The short-term group, which included 8 studies and 481
participants, demonstrated a significant reduction in depressive
symptoms with a pooled effect size of SMD=-1.08 (95% CI: -1.75
to -0.40; p=0.002). However, heterogeneity was high (I’=96%),
suggesting variability in interventions or participant characteristics
across studies.

In the intermediate-duration group (4 studies, 156
participants), the overall effect size was smaller yet still significant
(SMD=-0.52, 95% CI: -0.90 to —0.15; p=0.006). This subgroup also
exhibited moderate heterogeneity (I°’=59%), indicating a more
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FIGURE 9
Forest plot of subgroup analyses by exercise session lengths.

consistent response across studies compared to the short-
term group.

The long-term session group (3 studies, 98 participants) yielded
the largest pooled effect size among the three subgroups, with
SMD=-1.70 (95% CI: -2.52 to —-0.88; p < 0.0001). Heterogeneity
was also relatively moderate (I’=81%), suggesting that extended
session durations may lead to more substantial psychological
benefits in postmenopausal women.

Collectively, these findings indicate a potential dose-response
relationship between session length and intervention effectiveness,
with longer-duration exercise sessions demonstrating the most
pronounced effects. However, given the variation in study design
and sample sizes, further high-quality trials are warranted to
confirm these trends.

3.4.4.5 Duration of the exercise programmes

To evaluate the influence of intervention length on depressive
symptom outcomes, studies were stratified based on the total
duration of the exercise programme: short-term (<12 weeks) and
long-term (>12 weeks) (Figure 10).

The short-term subgroup, which included 8 studies with a
combined total of 317 participants, showed a significant reduction
in depressive symptoms following intervention, with a pooled effect
size of SMD=-1.01 (95% CI: -1.38 to -0.64; p < 0.00001).
Heterogeneity was moderate (I’=77%), indicating some variability
across the included studies, possibly due to differences in
participant characteristics or intervention types.
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The long-term subgroup consisted of 8 studies with 467
participants and yielded a comparable pooled effect size of
SMD=-1.07 (95% CI: -1.78 to -0.36; p=0.003). However, this
subgroup exhibited higher heterogeneity (1’=96%), suggesting
greater inconsistency in the observed effects, potentially due to
extended intervention protocols or broader variation in adherence
and outcome measurement across longer timelines.

Both short- and long-term interventions demonstrated
statistically significant and clinically meaningful effects on
depressive symptoms in menopausal women. The similar
magnitude of effect across durations suggests that even relatively
brief exercise programmes may confer substantial mental health
benefits, while longer interventions may yield sustained outcomes.
Nevertheless, the elevated heterogeneity in the long-term group
highlights the need for more consistent methodological designs in
future studies.

4 Discussion

This study synthesised evidence from 16 randomised controlled
trials to systematically evaluate the impact of exercise interventions
on depressive symptoms in postmenopausal women. Meta-analytic
results demonstrated a significant reduction in depression levels
following exercise (SMD=-1.04, 95% CI: -1.46 to -0.63; p <
0.00001), supporting exercise as an effective non-pharmacological
approach for improving mental health in this population. Although
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FIGURE 10
Forest plot of subgroup analyses by duration of the exercise programmes.

high heterogeneity was observed, sensitivity analyses confirmed the
robustness and consistency of the overall findings.

A comprehensive subgroup analysis examined five key
dimensions: intervention format, exercise type, session duration,
total intervention period, and menopausal stage. The analysis
revealed that the effectiveness of exercise interventions varies
meaningfully across these characteristics. Notably, individually
tailored interventions produced greater effects (SMD=-1.43) than
group-based formats (SMD=-0.91), suggesting that personalisation
and privacy may enhance therapeutic outcomes.

Mind-body exercises, such as tai chi and yoga, yielded stronger
benefits than purely physical modalities, potentially due to their
emphasis on self-regulation and emotional control. Interventions of
longer duration—both in terms of total programme length and
single-session length—were associated with more pronounced
improvements in depressive symptoms, lending support to a
potential dose-response relationship. Furthermore, interventions
delivered during the perimenopausal stage produced significantly
larger effects than those in the postmenopausal stage, indicating
heightened sensitivity to exercise during periods of increased
emotional and hormonal fluctuation.

From a physiological perspective, several mechanisms may
underlie the antidepressant effects of exercise in menopausal
women (35). Exercise has been shown to increase the release of
brain-derived neurotrophic factor (BDNF), thereby enhancing
neural plasticity and supporting synaptic remodelling in brain
regions such as the hippocampus and prefrontal cortex (36, 37).
It also contributes to the regulation of the hypothalamic—pituitary—
adrenal (HPA) axis, suppression of systemic inflammation, and
restoration of neurotransmitter balance, including serotonin (5-
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HT), dopamine (DA), and norepinephrine (NE) (38). In addition to
these neurochemical effects, neuroimaging studies have
demonstrated that regular exercise is associated with increased
hippocampal volume, improved connectivity within the
prefrontal-limbic circuitry, and enhanced cerebral blood flow, all
of which are implicated in emotional regulation and cognitive
resilience. Furthermore, exercise may stimulate adult
hippocampal neurogenesis and modulate the endogenous opioid
system, contributing to mood stabilization and stress reduction.
These neurobiological and neuroanatomical effects may collectively
contribute to improved emotional regulation (39). Moreover,
regular exercise can enhance sleep quality, foster greater self-
efficacy, and promote a sense of social connectedness—all of
which are critical factors in the pathogenesis and mitigation of
menopausal depression (40-42).

Compared to earlier studies, which have largely focused on the
general efficacy of exercise for menopausal depression, this study
addresses a critical gap by systematically examining intervention-
specific variables through subgroup analyses (43-45). By
categorising studies based on exercise type, frequency, session
length, and participant characteristics, this meta-analysis offers
novel insights into how intervention structure modulates
treatment outcomes. In particular, the analysis of differences
between perimenopausal and postmenopausal women, as well as
between group-based and individually tailored interventions,
provides practical guidance for optimising exercise-based mental
health strategies. These findings underscore both the theoretical
contribution and clinical relevance of the current study.

Exercise may also interact with pharmacological treatments,
potentially enhancing the efficacy of antidepressant medications by
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synergistically modulating neurotransmitter systems and
promoting neurogenesis. However, the benefits of exercise appear
to diminish once the intervention is discontinued, suggesting that
sustained participation is necessary to maintain its therapeutic
effects. Future studies should examine the integration of exercise
with medication and strategies to support long-term adherence.

This work is not without limitations. Despite an extensive
literature search, the possibility of missing unpublished or grey
literature remains, potentially introducing publication bias. Several
included trials featured small sample sizes, and variability in
depression assessment tools could influence effect estimates
despite the use of standardised mean differences for synthesis. In
addition, the I*> values across analyses were consistently high
(>90%), indicating substantial heterogeneity among the included
studies. Although a random-effects model and sensitivity analyses
were employed, this high heterogeneity inevitably reduces the
generalizability of the findings. Moreover, certain subgroup
analyses (e.g., perimenopausal women, dance interventions,
stretching interventions) included only a limited number of
studies and participants, which weakens the reliability of these
specific conclusions. Furthermore, confounding factors—such as
intervention fidelity, adherence rates, and the concurrent use of
psychological therapies—were often inadequately reported or
controlled. Another important limitation is that participants’
dietary habits were not considered. Since diet can be influenced
by the type of exercise or physical activity practiced, unmeasured
dietary differences may have introduced residual confounding
across studies. Finally, although multiple subgroup analyses were
performed, the limited number of studies within certain subgroups
underscores the need for further high-quality, large-scale
randomized controlled trials to validate these findings.

Our findings highlight the therapeutic potential of structured
exercise for depression in menopausal women. Acknowledging the
distinction between exercise and physical activity, future research
should explore the dose-response relationship of different exercise
modalities and investigate the potential benefits of unstructured
physical activity. This would provide a more comprehensive
understanding of how varying levels of activity impact mental health.

5 Conclusion

This study presents a systematic review and meta-analysis
evaluating the efficacy of exercise interventions in alleviating
depressive symptoms among postmenopausal women. The
findings demonstrate a significant and clinically meaningful effect
of exercise, supporting its role as a viable non-pharmacological
strategy in managing depression in this population. Subgroup
analyses identified several moderating factors influencing
intervention outcomes, including exercise format (individual vs.
group), type (mind-body vs. aerobic), session length, total
programme duration, and menopausal stage. Notably,
interventions that were individualised, incorporated mind-body
elements, extended over longer periods, and were delivered during
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the perimenopausal phase exhibited the strongest effects. These
results provide a robust empirical and theoretical foundation for
designing personalised, phase-specific, and multi-dimensional
exercise programmes for menopausal mental health care.

Despite limitations such as substantial heterogeneity and small
sample sizes in certain subgroups, the overall findings were
consistent and statistically robust. To refine intervention strategies
and elucidate underlying mechanisms, future research should
prioritise large-scale, high-quality randomised controlled trials
that systematically explore the adaptability and effectiveness of
specific exercise characteristics.

In summary, exercise is an effective and promising non-
pharmacological strategy for reducing depressive symptoms in
postmenopausal women. While further high-quality trials are
needed to address heterogeneity and subgroup limitations, the
present evidence supports the integration of tailored exercise
programmes into menopausal mental health care.

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 author.

Author contributions

SL: Writing - original draft, Software, Data curation,
Conceptualization. YD: Formal Analysis, Methodology,
Conceptualization, Writing - original draft. YL: Writing - review
& editing, Methodology, Supervision, Conceptualization.

Funding

The author(s) declare that no financial support was received for
the research and/or publication of this article.

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.

Generative Al statement

The author(s) declare that no Generative AI was used in the
creation of this manuscript.

Any alternative text (alt text) provided alongside figures in this
article has been generated by Frontiers with the support of artificial
intelligence and reasonable efforts have been made to ensure

frontiersin.org


https://doi.org/10.3389/fpsyt.2025.1641082
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org

Li et al.

accuracy, including review by the authors wherever possible. If you
identify any issues, please contact us.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product

References

1. Rakel RE. Depression. Prim Care. (1999) 26:211-24. doi: 10.1016/S0095-4543(08)
70003-4

2. Lucassen P, Spijker J. Depression. Ned Tijdschr Geneeskd 169. (2025).

3. Cui R Editorial: A systematic review of depression. Curr Neuropharmacol. (2015)
13:480. doi: 10.2174/1570159X1304150831123535

4. Smith K. Mental health: a world of depression. Nature. (2014) 515:181.
doi: 10.1038/515180a

5. Dehn LB, Beblo T. Depressed, biased, forgetful: The interaction of emotional and
cognitive dysfunctions in depression. Neuropsychiatr. (2019) 33:123-30. doi: 10.1007/
540211-019-0307-4

6. Swetlitz N. Depression’s problem with men. AMA J Ethics. (2021) 23:E586-589.

7. Takahashi TA, Johnson KM. Menopause. Med Clin North Am. (2015) 99:521-34.
doi: 10.1016/j.mcna.2015.01.006

8. Nelson HD. Menopause. Lancet. (2008) 371:760-70. doi: 10.1016/S0140-6736(08)60346-3

9. Talaulikar V. Menopause transition: Physiology and symptoms. Best Pract Res
Clin Obstet Gynaecol. (2022) 81:3-7. doi: 10.1016/j.bpobgyn.2022.03.003

10. Gracia CR, Freeman EW. Onset of the menopause transition: the earliest signs
and symptoms. Obstet Gynecol Clin North Am. (2018) 45:585-97. doi: 10.1016/
j.08¢.2018.07.002

11. Hawkins SS. Associations between menopause and depression. ] Obstet Gynecol
Neonatal Nurs. (2025) 54:20-31. doi: 10.1016/j.jogn.2024.12.004

12. Vivian-Taylor J, Hickey M. Menopause and depression: is there a link?
Maturitas. (2014) 79:142-6.

13. Bromberger JT, Epperson CN. Depression during and after the perimenopause:
impact of hormones, genetics, and environmental determinants of disease. Obstet
Gynecol Clin North Am. (2018) 45:663-78. doi: 10.1016/j.08¢.2018.07.007

14. Pearce M, Garcia L, Abbas A, Strain T, Schuch FB, Golubic R, et al. Association
between physical activity and risk of depression: A systematic review and meta-analysis.
JAMA Psychiatry. (2022) 79:550-9. doi: 10.1001/jamapsychiatry.2022.0609

15. Noetel M, Sanders T, Gallardo-Gomez D, Taylor P, Del Pozo Cruz B, Hoek Dvd,
et al. Effect of exercise for depression: systematic review and network meta-analysis of
randomised controlled trials. Bmj. (2024) 384:e075847. doi: 10.1136/bmj-2023-075847

16. Micheli L, Ceccarelli M, D’Andrea G, Tirone F. Depression and adult
neurogenesis: Positive effects of the antidepressant fluoxetine and of physical
exercise. Brain Res Bull. (2018) 143:181-93. doi: 10.1016/j.brainresbull.2018.09.002

17. Hao S, Tan S, Li J, Li W, Li J, Liu Y, et al. The effect of diet and exercise on
climacteric symptomatology. Asia Pac J Clin Nutr. (2022) 31:362-70.

18. Lialy HE, Mohamed MA, AbdAllatif LA, Khalid M, Elhelbawy A. Effects of
different physiotherapy modalities on insomnia and depression in perimenopausal,
menopausal, and post-menopausal women: a systematic review. BMC Womens Health.
(2023) 23:363. doi: 10.1186/s12905-023-02515-9

19. Abedi P, Nikkhah P, Najar S. Effect of pedometer-based walking on depression,
anxiety and insomnia among postmenopausal women. Climacteric. (2015) 18:841-5.
doi: 10.3109/13697137.2015.1065246

20. Aibar-Almazan A, Hita-Contreras F, Cruz-Diaz D, de la Torre-Cruz M,
Jiménez-Garcia JD, Martinez-Amat A. Effects of Pilates training on sleep quality,
anxiety, depression and fatigue in postmenopausal women: A randomized controlled
trial. Maturitas. (2019) 124:62-7. doi: 10.1016/j.maturitas.2019.03.019

21. Bernard P, Ninot G, Bernard PL, Picot MC, Jaussent A, Tallon G, Blain H. Effects
of a six-month walking intervention on depression in inactive post-menopausal
women: A randomized controlled trial. Aging Ment Health. (2015) 19:485-92.
doi: 10.1080/13607863.2014.948806

22. Carcelén-Fraile MDC, Aibar-Almazan A, Martinez-Amat A, Jiménez-Garcia JD,
Branddo-Loureiro V, Garcia-Garro PA, et al. Qigong for mental health and sleep
quality in postmenopausal women: A randomized controlled trial. Medicine
(Baltimore). (2022) 101(39):e30897. doi: 10.1097/MD.0000000000030897

Frontiers in Psychiatry

14

10.3389/fpsyt.2025.1641082

that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fpsyt.2025.1641082/
full#supplementary-material

23. Gao L, Zhang L, Qi H, Petridis L. Middle-aged female depression in
perimenopausal period and square dance intervention. Psychiatr Danub. (2016)
28:372-8.

24. Hu L, Zhu L, Lyu J, Zhu W, Xu Y, Yang L. Benefits of walking on menopausal
symptoms and mental health outcomes among Chinese postmenopausal women. Int |
Gerontol. (2017) 11. doi: 10.1016/j.ijge.2016.08.002

25. Jorge MP, Santaella DF, Pontes IM, Shiramizu VK, Nascimento EB, Cabral A,
et al. Hatha Yoga practice decreases menopause symptoms and improves quality of life:
A randomized controlled trial. Complement Ther Med. (2016) 26:128-35. doi: 10.1016/
j.ctim.2016.03.014

26. KaiY, Nagamatsu T, Kitabatake Y, Sensui H. Effects of stretching on menopausal
and depressive symptoms in middle-aged women: a randomized controlled trial.
Menopause. (2016) 23:827-32. doi: 10.1097/GME.0000000000000651

27. Martin CK, Church TS, Thompson AM, Earnest CP, Blair SN. Exercise dose and
quality of life: a randomized controlled trial. Arch Intern Med. (2009) 169:269-78.
doi: 10.1001/archinternmed.2008.545

28. Nikkhah P, Abedi P, Najjar S. The effect of walking with pedometer on general
health of postmenopausal women. Iran J Obstet Gynecol Infert. (2015) 18:8-17.

29. Noh E, Kim J, Kim M, Yi E. Effectiveness of SaBang-DolGi walking exercise
program on physical and mental health of menopausal women. Int ] Environ Res Public
Health. (2020) 17:6935. doi: 10.3390/ijerph17186935

30. Villaverde Gutiérrez C, Torres Luque G, Abalos Medina GM, Argente del
Castillo MJ, Guisado IM, Guisado Barrilao R, Ramirez Rodrigo J. Influence of
exercise on mood in postmenopausal women. J Clin Nurs. (2012) 21:923-8.
doi: 10.1111/j.1365-2702.2011.03972.x

31. Sternfeld B, Guthrie KA, Ensrud KE, LaCroix AZ, Larson JC, Dunn AL, et al.
Efficacy of exercise for menopausal symptoms: A randomized controlled trial.
Menopause. (2014) 21:330-8. doi: 10.1097/GME.0b013e31829¢4089

32. Imayama I, Alfano CM, Kong A, Foster-Schubert KE, Bain CE, Xiao L, et al.
Dietary weight loss and exercise interventions effects on quality of life in overweight/
obese postmenopausal women: A randomized controlled trial. Int | Behav Nutr Phys
Act. (2011) 8:118. doi: 10.1186/1479-5868-8-118

33. LiuJ, SiJ, Zhao W. Investigation of the effect of Tai Chi training on depressive
symptoms in perimenopausal women on the basis of serum kynurenine metabolites.
Exp Aging Res. (2025) 51:331-49. doi: 10.1080/0361073X.2024.2377427

34. Martins JBB, Fausto DY, Sperandio Flores F, Sonza A, Matias TS, Coutinho de
Azevedo Guimardes A. Jazz dance on menopausal symptoms and psychological
aspects: A randomized clinical trial pilot study with follow-up. Res Q Exerc Sport.
(2025) 96:316-26. doi: 10.1080/02701367.2024.2406401

35. Kerling A, Tegtbur U, Giitzlaff E, Kiick M, Borchert L, Ates Z, et al. Effects of
adjunctive exercise on physiological and psychological parameters in depression: a
randomized pilot trial. ] Affect Disord. (2015) 177:1-6. doi: 10.1016/j.jad.2015.01.006

36. Gultyaeva VV, Zinchenko MI, Uryumtsev DY, Krivoschekov SG, Aftanas LI
Exercise for depression treatment. Physiological mechanisms. Zh Nevrol Psikhiatr Im S
S Korsakova. (2019) 119:112-9. doi: 10.17116/jnevro2019119071112

37. Penseyres I, Martin JL. Improving understanding of the physiological
mechanisms of exercise to better treat depression. Rev Med Suisse. (2018) 14:950-2.

38. de Oliveira LRS, MaChado FSM, Rocha-Dias I, E Magalhdes COD, De Sousa
RAL, Cassilhas RC. An overview of the molecular and physiological antidepressant
mechanisms of physical exercise in animal models of depression. Mol Biol Rep. (2022)
49:4965-75. doi: 10.1007/s11033-022-07156-z

39. Thorén P, Floras JS, Hoffmann P, Seals DR. Endorphins and exercise:
physiological mechanisms and clinical implications. Med Sci Sports Exerc. (1990)
22:417-28.

40. Kovacevic A, Mavros Y, Heisz J], Fiatarone Singh MA. The effect of resistance
exercise on sleep: A systematic review of randomized controlled trials. Sleep Med Rev.
(2018) 39:52-68. doi: 10.1016/j.smrv.2017.07.002

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fpsyt.2025.1641082/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fpsyt.2025.1641082/full#supplementary-material
https://doi.org/10.1016/S0095-4543(08)70003-4
https://doi.org/10.1016/S0095-4543(08)70003-4
https://doi.org/10.2174/1570159X1304150831123535
https://doi.org/10.1038/515180a
https://doi.org/10.1007/s40211-019-0307-4
https://doi.org/10.1007/s40211-019-0307-4
https://doi.org/10.1016/j.mcna.2015.01.006
https://doi.org/10.1016/S0140-6736(08)60346-3
https://doi.org/10.1016/j.bpobgyn.2022.03.003
https://doi.org/10.1016/j.ogc.2018.07.002
https://doi.org/10.1016/j.ogc.2018.07.002
https://doi.org/10.1016/j.jogn.2024.12.004
https://doi.org/10.1016/j.ogc.2018.07.007
https://doi.org/10.1001/jamapsychiatry.2022.0609
https://doi.org/10.1136/bmj-2023-075847
https://doi.org/10.1016/j.brainresbull.2018.09.002
https://doi.org/10.1186/s12905-023-02515-9
https://doi.org/10.3109/13697137.2015.1065246
https://doi.org/10.1016/j.maturitas.2019.03.019
https://doi.org/10.1080/13607863.2014.948806
https://doi.org/10.1097/MD.0000000000030897
https://doi.org/10.1016/j.ijge.2016.08.002
https://doi.org/10.1016/j.ctim.2016.03.014
https://doi.org/10.1016/j.ctim.2016.03.014
https://doi.org/10.1097/GME.0000000000000651
https://doi.org/10.1001/archinternmed.2008.545
https://doi.org/10.3390/ijerph17186935
https://doi.org/10.1111/j.1365-2702.2011.03972.x
https://doi.org/10.1097/GME.0b013e31829e4089
https://doi.org/10.1186/1479-5868-8-118
https://doi.org/10.1080/0361073X.2024.2377427
https://doi.org/10.1080/02701367.2024.2406401
https://doi.org/10.1016/j.jad.2015.01.006
https://doi.org/10.17116/jnevro2019119071112
https://doi.org/10.1007/s11033-022-07156-z
https://doi.org/10.1016/j.smrv.2017.07.002
https://doi.org/10.3389/fpsyt.2025.1641082
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org

Li et al.

41. Fang L, Fang CL, Fang SH. A study of regular exercise, social support and
depression in the community-dwelling older people. Int ] Nurs Pract. (2022) 28:¢12954.
doi: 10.1111/ijn.12954

42. Kamimura A, Christensen N, Al-Obaydi S, Solis SP, Ashby J, Greenwood JL,
et al. The relationship between body esteem, exercise motivations, depression, and
social support among female free clinic patients. Womens Health Issues. (2014) 24:656—
62. doi: 10.1016/j.whi.2014.05.007

43. Han B, Duan Y, Zhang P, Zeng L, Pi P, Chen J, et al. Effects of exercise on
depression and anxiety in postmenopausal women: a pairwise and network meta-

Frontiers in Psychiatry

15

10.3389/fpsyt.2025.1641082

analysis of randomized controlled trials. BMC Public Health. (2024) 24:1816.
doi: 10.1186/s12889-024-19348-2

44. Xu H, LiuJ, Li P, Liang Y. Effects of mind-body exercise on perimenopausal and
postmenopausal women: a systematic review and meta-analysis. Menopause. (2024)
31:457-67. doi: 10.1097/GME.0000000000002336

45. Yue H, Yang Y, Xie F, Cui J, Li Y, Si M, et al. Effects of physical activity on depressive
and anxiety symptoms of women in the menopausal transition and menopause: a
comprehensive systematic review and meta-analysis of randomized controlled trials. Int ]
Behav Nutr Phys Act. (2025) 22:13. doi: 10.1186/s12966-025-01712-z

frontiersin.org


https://doi.org/10.1111/ijn.12954
https://doi.org/10.1016/j.whi.2014.05.007
https://doi.org/10.1186/s12889-024-19348-2
https://doi.org/10.1097/GME.0000000000002336
https://doi.org/10.1186/s12966-025-01712-z
https://doi.org/10.3389/fpsyt.2025.1641082
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org

	Exercise as a therapeutic strategy for depression in menopausal women: a metaanalysis of randomized trials
	1 Background
	2 Methods
	2.1 Data sources and searches
	2.2 Inclusion and exclusion
	2.3 Assessment of risks of bias
	2.4 Data extraction
	2.5 Assessment of overall effect size
	2.6 Subgroup analysis of exercise intervention programmes

	3 Results
	3.1 Search process
	3.2 Characteristics of the included studies and participants
	3.3 Risks of bias
	3.4 Meta-analysis
	3.4.1 Baseline period test
	3.4.2 Meta-analysis result
	3.4.3 Publication bias test
	3.4.4 Subgroup analysis
	3.4.4.1 Individual versus group
	3.4.4.2 Menopausal stage
	3.4.4.3 Type of exercise
	3.4.4.4 Exercise session lengths
	3.4.4.5 Duration of the exercise programmes



	4 Discussion
	5 Conclusion
	Data availability statement
	Author contributions
	Funding
	Conflict of interest
	Generative AI statement
	Publisher’s note
	Supplementary material
	References




