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Objective: To estimate the effect of exercise on perinatal depressive symptoms, focusing
on subclinical depression.

Methods: Randomized controlled trials (RCTs) reporting Edinburgh Postnatal Depression
Scale (EPDS) scores and evaluating perinatal exercise interventions were eligible. A
systematic search was conducted in MEDLINE/PubMed, Web of Science, Scopus,
and the Cochrane Library for studies published between 2000 and 2024. Study
quality, risk of bias, and heterogeneity were assessed before synthesizing the results
using a random-effects model.

Results: Nine RCTs met the inclusion criteria. Exercise significantly reduced depressive
symptoms (SMD = −0.47; 95% CI = −0.86 to −0.08; p = 0.02) despite high heterogeneity
(I2 = 88%). Subgroup analyses showed stronger effects during pregnancy (SMD = −0.77;
95% CI = −1.40 to −0.15) than in the postpartum period (SMD = −0.05; 95%
CI = −0.31 to 0.22).

Conclusion: Exercise effectively reduces perinatal depressive symptoms and represents
a valuable public health intervention. Longer follow-up periods (≥6 months) are needed to
confirm the durability of benefits and to evaluate maternal and child outcomes. Future high-
quality RCTs with standardized exercise protocols (≥150 min/week of moderate activity)
will be essential to translate this evidence into actionable public health and clinical
guidelines.
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INTRODUCTION

Pregnancy and the postpartum period involve major physiological adaptations across body systems
to support fetal development and meet the metabolic demands of gestation [1, 2]. The central
nervous system undergoes marked neuroplastic changes, with structural and functional
modifications in the maternal brain [3–5]. Functionally, increased vigilance, heightened
amygdala activity, and greater emotional sensitivity have been reported [6]. Pregnancy–related
reductions in brain volume, particularly a 3% loss in cortical gray matter, affect regions linked to
memory and mood regulation [7]. These changes may shift focus from self to caregiving, enhancing
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responsiveness to newborn needs [6], but also heightening
vulnerability to mood disorders due to involvement of
emotion–regulating neural networks [3].

Postpartum depression is the most common perinatal mental
health disorder, affecting 10%–20% of women [8]. About 8%–
12% of pregnant women meet criteria for major depression [9],
while among first–time mothers, minor depression affects 11%–
20% and major depression 7%–14% [1]. Consequences extend to
both mother and child. Maternal stress during pregnancy is
linked to altered fetal neurodevelopment, cognitive function,
negative affectivity, difficult temperament, and later psychiatric
disorders such as sleep problems, attention deficits, and
hyperactivity [10].

Nonpharmacological treatments for perinatal mental health
disorders have gained attention, with exercise widely studied
[11–13]. Maternal exercise promotes neurogenesis and protein
expression in offspring, potentially counteracting prenatal stress
and enhancing cognitive resilience [10]. In depression, exercise is
key, as fatigue increases inactivity risk [14]. Its dose–response
relationship in preventing postpartum depression and anxiety is
well documented. Psychologically, exercise distracts, reinforces
positive behaviors, improves body image, fosters social
interaction, and supports emotional well–being [15].
Physiologically, it improves muscle condition, increases
beta–endorphin and monoamine production, stimulates
Brain–Derived Neurotrophic Factor release, and promotes
conversion of kynurenine to kynurenic acid—a
neuroprotective metabolite mitigating stress–related brain
effects and depression risk [14].

A meta–analysis of 49 prospective studies found an inverse
association between physical activity and depression across
populations and regions [16]. Despite strong evidence,
knowledge gaps remain in perinatal populations. A systematic
review on exercise, sedentary behavior, and depressive symptoms
in perinatal women found limited preventive evidence,
highlighting the need for further research [17]. Another
systematic review with meta–analysis in The Lancet identified
over 20 RCTs on nonpharmacological interventions for
depression and anxiety in pregnant women, supporting
physical activity as feasible [18]. Another meta–analysis
reported a moderate effect of exercise on depression, with
greater impact on treatment than prevention [19]. Subgroup
analyses comparing pregnant and postpartum women remain
inconclusive [20].

Given the impact of depressive symptoms [9], it is essential to
examine exercise effects not only in diagnosed perinatal
depression but also regarding symptom profiles and exercise
characteristics during pregnancy. While exercise reduces
depressive symptoms in adults with clinical depression [20],
most perinatal research focuses on diagnosed cases, often
using cut–off values rather than analyzing outcomes based on
Edinburgh Postnatal Depression Scale (EPDS) scores [19]. This
leaves a gap in understanding exercise’s role in preventing
symptoms in women without prior depression [21, 22].

This study aimed to estimate the effect size of exercise on
reducing depressive symptoms during the perinatal period,
focusing on subclinical manifestations.

METHODS

Reporting
This meta–analysis followed the PRISMA 2020 guidelines
[23]. The protocol was registered with PROSPERO
(CRD420251069284).

Data Sources
Two coauthors (PF and GD) conducted a systematic search in
MEDLINE/PubMed, WOS/Web of Science, SCO–PUS, and the
Cochrane Library from 1 January 2000, to 30 September 2024,
with disagreements resolved by FF. Full–text access was obtained
via institutional subscriptions; gray literature was excluded to
focus on peer–reviewed RCTs.

Search Strategy and Keywords
The search strategy was independently developed by PF and
SM (physical medicine specialists) and subsequently validated
by GD. It was organized into a matrix using MeSH terms:
perinatal period (“Pregnant Women,” “Pregnancy,”
“Postpartum Period”), physical activity (“Exercise,”
“Physical Activity,” “Exercise Therapy,” “High
Intensity Interval Training,” “Motor Activity”), and
mental health (“Depression,” “Postpartum Depression,”
“Adjustment Disorders,” “Depressive Disorder,” “Dysthymic
Disorder”). Boolean operators AND/OR were applied, with
filters for human studies, English/Spanish/Portuguese
languages, and publications from 1 January 2000, to
30 September 2024.

Selection Criteria
Women over 18, any race, any level of physical activity, during
pregnancy or postpartum (up to 12 months). Participants with
diagnosed depression were excluded to focus on subclinical
symptoms. Exercise interventions (light to moderate intensity,
reported as minutes/week). Groups receiving standard care or
other interventions. Depressive symptoms were assessed
using EPDS [24].

Types of Studies
Original, full–length articles reporting randomized controlled
trials published in peer–reviewed journals between October
2014 and September 2024 in English, Spanish, or Portuguese
were included. Excluded were non–RCT designs (such as
observational studies and study protocols), narrative or
systematic reviews, letters to the editor, technical reports, and
conference abstracts.

Data Extraction
Two coauthors (PF and GD) manually extracted data under the
supervision of SM, with any discrepancies resolved by the senior
author. After screening titles and abstracts, full texts of eligible
studies were reviewed. Extracted variables, including author, year,
country, type and timing of physical activity (pregnancy or
postpartum), sample sizes for intervention and control groups,
and post–intervention means and SDs, were compiled in an
Excel matrix.
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Risk of Bias Assessment
The risk of bias was assessed in all included RCTs using the
Cochrane Collaboration risk of bias tool for randomized trials.
The evaluation considered bias in the randomization process,
deviations from the intended interventions, missing outcome
data, outcome measurement, and the selection of reported
results. Each factor was rated as low risk, some concerns, or
high risk of bias [25]. Visualizations were generated using the
Cochrane RoB–2 online tool [26].

GRADE Assessment
The certainly of the evidence was assessed using GRADEpro GDT
software. The GRADE methodology evaluates evidence certainly
based on factors such as risk of bias, inconsistency, indirectness,
and imprecision, along with additional considerations,
categorizing it as low, moderate, or high [27].

Therapeutic Quality of Exercise Program
The i–CONTENT tool, part of the international consensus on
therapeutic exercise and training, was used to assess the
therapeutic quality of the exercise program [28]. This
instrument enables a clear, systematic evaluation by
identifying variations within the intervention. It is based on
seven criteria: (1) patient selection, (2) exercise dosage, (3)
exercise type, (4) presence of a qualified supervisor, (5)
outcome assessment methods and timing, (6) program safety,
and (7) adherence to the prescribed regimen. Two reviewers
evaluated the program independently, with discrepancies
resolved by a third reviewer.

Statistical Analysis
A random-effects meta-analysis was conducted to pool
standardized mean differences (SMDs; Cohen’s d) with 95%
CIs, thus incorporating both within-study sampling error and
true between-study heterogeneity [29]. Post-intervention means
and SDs were extracted, and effect sizes were classified using
conventional thresholds (0.2 = small; 0.5 = moderate;
0.8 = large).

Subgroup analyses explored differences by pregnancy
status (pregnancy vs. postpartum), follow-up duration
(<12 vs. ≥ 12 weeks), average weekly activity time, and
intervention timing (during vs. after pregnancy). Forest
plots displayed individual and pooled estimates, while
funnel plots and Egger’s regression test (p < 0.05) assessed
publication bias. Between-study heterogeneity was quantified
with I2, with values above 50% indicating substantial
heterogeneity.

Packages and Reports
To perform the meta–analysis of RCTs, the following packages
were used in the statistical environment R: meta, metafor,
mvmeta and rmeta. A significant level p < 0.05 was
established, and 95% confidence intervals (95% CI) were
calculated. The results are reported in three decimal places.

All statistical analyzes and graphical representations were
performed using R statistical software (version 4.1.3) and
Metaanalysisonline.com.

Ethics Approval
Although ethics committee approval is not explicitly required for
systematic reviews and meta–analyses [30], this study only
included research that had been approved by an ethics
committee and had properly implemented informed consent
procedures.

RESULTS

Search Results
Figure 1 presents the flow diagram of the article selection process,
following the PRISMA 2020 guidelines [31]. An initial total of
4,379 records was retrieved from database searches after applying
the predefined keywords. After removing duplicates and
screening titles and abstracts, 405 records were retained for
full–text review. Following the application of inclusion and
exclusion criteria, 9 randomized controlled trials were included
in the final analysis [32–40].

ROB of Included Studies
The nine RCTs were assessed using the RoB 2 tool. Overall, three
studies were rated as low risk across all domains, four presented
some concerns, and two were judged as high risk, primarily due to
bias in outcome measurement. Most studies showed a low risk of
bias in most domains, although some raised concerns related to
outcome measurement and selective reporting. The detailed RoB
assessment for each included study is illustrated in Figure 2.

Study Characteristics and Participants
Research on the impact of physical activity on mental health in
pregnant and postpartum women has gained increasing interest in
recent years in various regions of the world. The selected studies,
published between 2015 and 2021, employed various methodologies
to assess the effectiveness of exercise in preventing and managing
perinatal depression. In terms of geographical distribution, most
studies were conducted in North America, Europe, and Asia,
reflecting global interest but a possible geographic imbalance.

Description of Intervention
The interventions analyzed include low–to moderate–intensity
activities such as prenatal yoga, home exercise programs, online
Pilates, and aerobic training. Some studies also examined these
interventions in pregnant women during the
COVID–19 pandemic, a context potentially affecting exercise
access, adherence, and psychological vulnerability.

Findings indicate that exercise may help alleviate depression
and anxiety symptoms in pregnant women. Improvements in
fatigue, sleep quality, and overall, well–being further support
incorporating physical activity–based interventions into maternal
health strategies. For details on the studies, including objectives,
methodologies, and results, see Table 1.

Frequency
Two studies [34, 35] reported conducting exercise training once a
week. Two others [33, 36] implemented sessions twice per week.
Four studies [32, 37, 39, 40] documented a frequency of three
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times per week, while only one study [38] applied the intervention
five times per week.

Intensity
In two of the nine studies [34, 35], the intensity of exercise was not
specified. Only one article reported light–intensity training [37],
while the remaining studies applied moderate–intensity protocols
[32, 33, 38–40], with one implementing a progressive intensity
approach from light to vigorous levels [38]. Intensity was based
on ACOG recommendations in five studies [32, 33, 36, 38, 40],
and on the 2019 Canadian Guideline for Physical Activity
Throughout Pregnancy in one study [39]. Although seven
studies specified intensity, and all moderate–intensity trials
justified their choice, only three [32, 33, 36] described how
intensity was measured (via perceived–exertion scales or
percentage of maximum heart rate).

Time and Duration
The included studies reported session durations ranging from
15 to 75 min per session, with total intervention periods spanning
4 to 18 weeks.

Type
Four studies implemented an aerobic exercise program [32, 33, 38,
40], two of which combined aerobic and resistance training [32,
38]. Three studies described the intervention as yoga–based [34, 35,
39] and one as Pilates [36]. Furthermore, two studies incorporated
flexibility–focused exercises [37, 38]. Regarding pregnancy–specific
adaptations, four studies [34–36, 39] reported implementing
modifications or addressing safety considerations.

Progression
Five studies reported exercise progression [32, 33, 36, 38, 40]. In
most cases [32, 33, 38], progression was guided by the supervisor’s
subjective evaluation of each participant’s physical condition [36].
One study noted progression without specifying the method [40].

Supervision
Only two studies [37, 40] did not include supervision of the
sessions, and one study [38] supervised only the initial session.
Among the supervised interventions, one was conducted
synchronously through online video calls [36]. The format of
supervision, individual vs. group–based, is relevant as it may

FIGURE 1 | PRISMA 2020 flow diagram (Santiago, Chile. 2025).
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influence the adherence and participation of the participants. Five
studies implemented group–based interventions [32, 34–36, 39].

Therapeutic Quality of the
Exercise Programs
In the quality assessment, three items did not achieve the highest
rating: qualified supervision, program safety, and adherence to

the intervention. Regarding safety, five of the nine studies
provided insufficient information. Of the remaining four, two
explicitly reported no serious or unexpected adverse events
during the intervention [32, 39]. In Davis et al., a preterm
birth at 24.5 weeks was noted but not linked to exercise.
Daley et al. was the only study to report adverse events,
though details were missing, and their frequency was similar
in both groups [33].

FIGURE 2 | Risk of bias (Santiago, Chile. 2025).

TABLE 1 | Summary of Exercise Interventions in Perinatal Women. (Santiago, Chile. 2025).

Study Age (Ex) Age (Co) n
(Ex)

n
(Co)

Frequency
(days/week)

Intensity Time/Duration Type Supervision

Coll et al.
(Brazil) [32]

27.2 ± 5.5 27.3 ± 5.5 192 387 3 Moderate (RPE) 60 min, 16 weeks Aerobic +
Resistance

S

Daley et al.
(UK) [33]

27.5 ± 6.3 27.5 ± 6.3 189 194 2 Moderate (NR) 30 min, 8 weeks Aerobic S

Davis et al.
(USA) [34]

29.74 ± 5.40 30.57 ± 4.46 20 19 1 NR 75 min, 8 weeks Yoga (Ashtanga
Vinyasa)

S

Duchette et al.
(USA) [35]

28.52 ± 3.74 28.52 ± 3.74 10 9 1 NR 75 min, 10 weeks Prenatal Yoga S

Kim et al. (South
Korea) [36]

NR NR 8 8 2 Moderate (%
HRmax and RPE)

50 min, 8 weeks Pilates S

Mohammadi et al.
(Iran) [37]

25 25 36 36 3 Light (NR) 20–30 min,
12–18 weeks

Flexibility +
Breathing

US

Özkan et al.
(Turkey) [38]

26.7 ± 5.34 27.1 ± 5.28 34 31 5 Light to
Vigorous (NR)

30 min, 4 weeks Aerobic +
Resistance +
Flexibility

S

Rong et al.
(China) [39]

29.00 ± 2.81 28.16 ± 2.78 32 32 3 Moderate (NR) 60 min, 12 weeks Yoga S

Yang et al.
(Taiwan) [40]

31.89 32.45 64 65 3 Moderate (NR) 15 min, 12 weeks Aerobic US

NR, Not reported; RPE, Rating of Perceived Exertion; HRmax, Maximum Heart Rate; S, Supervised; US, Unsupervised.
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Adherence was the main methodological limitation,
potentially affecting the reliability of findings. Only two trials
reached the ≥70% attendance threshold [34, 39]. Coll et al.
reported 40.4% meeting this criterion [32], Mohammadi et al.
found 67% attended fewer than half the sessions [37], and Daley
et al. reported a median attendance of 28.5%. Three studies [35,
36, 38] tracked attendance via supervision or self–report but did
not provide specific data. Detailed results are shown in
Supplementary File 1.

Average Effect
The meta–analysis results, shown in Figure 3, present the
standardized mean differences (SMD) between experimental
and control groups in the included studies. Effect sizes ranged
from −2.37 to 0.16, indicating substantial heterogeneity. The high
heterogeneity (I2 = 88%, χ2 = 68.89, P < 0.01) suggests variability
between studies is unlikely due to chance and may reflect

differences in methodology, sample characteristics, or
intervention context.

The prediction interval (−1.78 to 0.84) illustrates the range of
effects expected in future studies, from a clinically significant
benefit to no observable effect. The pooled effect size indicates a
moderate but statistically significant reduction in depressive
symptoms (SMD = −0.47; 95% CI: −0.86 to −0.08; Z = −2.37;
P = 0.02). However, given the heterogeneity, these findings should
be interpreted cautiously, considering possible clinical and
methodological moderators influencing both magnitude and
direction of the effect.

Supplementary File 2 shows a funnel plot assessing potential
publication bias in the included studies. The asymmetric
distribution of points suggests a possible lack of studies with
negative or nonsignificant effects, a common sign of publication
bias. While most studies cluster on the right side of the no–effect
line (SMD = 0), a few extreme values on the left may indicate

FIGURE 3 | Forest plot of standardized mean differences (Santiago, Chile. 2025).

FIGURE 4 | Subgroup analysis based on intervention type, comparing studies conducted during pregnancy versus postpartum (Santiago, Chile. 2025).
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substantial heterogeneity. The wider dispersion of studies with
higher standard errors suggests that effects in smaller studies may
be less precise or influenced by methodological variability. These
observations highlight the need for cautious interpretation, as
effect sizes may be overestimated due to missing unpublished
studies with null or opposing results.

Subgroups Analysis Based on
Intervention Type
Figure 4 presents a subgroup (0 and 1) analysis categorizing studies
by relevant methodological or clinical characteristics. Heterogeneity
differs notably between subgroups, with I2 = 94% in the first and only
9% in the second, suggesting variability is concentrated in a specific
subset. The overall effect in the first subgroup is larger and
statistically significant (SMD = −0.77; 95% CI –1.40 to −0.15),
whereas in the second it is smaller and not significant
(SMD = −0.05; 95% CI –0.31 to 0.22). The test for subgroup
differences (χ2 = 4.44, P = 0.04) indicates that this stratification
explains part of the total heterogeneity. These findings underscore
the importance of considering methodological and clinical factors
when interpreting results, as effect magnitude and consistency can
vary across populations or study designs.

Subgroups Analysis Based on Sources of
Heterogeneity
Figure 5A heterogeneity differs between subgroups, with I2 =
95% in the first and 71% in the second, indicating greater

variability in the first subgroup. The first subgroup shows a
moderate negative trend (SMD = −0.56; 95% CI –1.18 to
0.06), not statistically significant. The second subgroup has a
smaller, also nonsignificant effect (SMD = −0.37; 95% CI –0.90 to
0.15). The test for subgroup differences (χ2 = 0.21, P = 0.65)
suggests the stratification variable does not explain a relevant
portion of heterogeneity. Overall, the meta–analytic effect is
statistically significant (SMD = −0.47; 95% CI –0.86 to −0.08;
P = 0.02), though the wide prediction interval (−1.78 to 0.84)
reflects uncertainty in future estimates. These results stress the
importance of considering clinical and methodological variability
when interpreting pooled effects.

Figure 5B this subgroup analysis assesses variability by
methodological or clinical characteristics. The first subgroup
shows moderate heterogeneity (I2 = 74%), while the second
has higher heterogeneity (I2 = 96%), suggesting important
differences in result consistency. The first subgroup effect
(SMD = −0.25; 95% CI –0.58 to 0.08) is not significant,
whereas the second is more pronounced but uncertain
(SMD = −0.73; 95% CI –2.03 to 0.58). The test for subgroup
differences (χ2 = 0.48, P = 0.49) shows no significant difference,
indicating this stratification does not explain a relevant part of
total heterogeneity.

Figure 5C this analysis explores potential heterogeneity
sources. The first subgroup shows no detectable heterogeneity
(I2 = 0%, χ2 = 2.03, P = 0.57), indicating a consistent effect
(SMD = −0.10; 95% CI –0.24 to 0.04). The second subgroup
presents substantial heterogeneity (I2 = 94%, χ2 = 66.75, P < 0.01),
with significant variability (SMD = −1.04; 95% CI –2.15 to 0.07).

FIGURE 5 | Subgroup meta-analyses exploring sources of heterogeneity. (A) Analyzes outcomes by follow-up duration (<12 vs. ≥12 weeks). (B) Stratifies results
according to exercise supervision (supervised vs. unsupervised programs). (C) Categorizes interventions by intensity (light/moderate vs. vigorous). (D) Compares
studies based on weekly activity dose (<150 vs. ≥150 min) (Santiago, Chile. 2025).
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The test for subgroup differences (χ2 = 2.71, P = 0.10) shows no
significant difference, suggesting stratification may not fully
account for the heterogeneity.

Figure 5D this analysis further explores heterogeneity sources.
The first subgroup has moderate heterogeneity (I2 = 63%, χ2 =
8.12, P = 0.04) and a nonsignificant effect (SMD = −0.08; 95% CI
–0.36 to 0.19). The second subgroup shows substantial
heterogeneity (I2 = 93%, χ2 = 54.95, P < 0.01) with a more
pronounced, though nonsignificant, effect (SMD = −0.86; 95% CI
–1.75 to 0.04). The test for subgroup differences (χ2 = 2.62, P =
0.11) indicates no significant difference, suggesting stratification
may not fully explain overall heterogeneity.

GRADE Assessment
The analysis suggests that, while most studies indicate a
beneficial effect of exercise compared to control, the strength
of the evidence varies. Studies with high certainty (e.g., Daley
et al., Davis et al., Özkan et al.) provide more reliable results,
while those with low or very low certainty (e.g., Coll et al.)
should be interpreted with caution. The impact of exercise
appears to be stronger in studies with robust associations and
larger effect sizes. The summary of results in Supplementary
Files 3, 4.

DISCUSSION

This meta–analysis examines the preventive effect of exercise on
subclinical perinatal depressive symptoms and underscores its
importance as a scalable public health strategy to improve
maternal mental health.

Effect of Exercise on Perinatal
Depressive Symptoms
Pooling standardized mean differences (Cohen’s d) revealed a
significant overall reduction in depressive symptoms during the
perinatal period. Subgroup analyses, by pregnancy versus
postpartum, follow–up (<12 vs. ≥ 12 weeks), weekly activity
volume, and timing, highlighted key moderators despite
substantial heterogeneity. These findings support personalized
exercise prescriptions.

Our results align with guidelines endorsing physical activity
in pregnancy and postpartum for maternal and fetal benefits:
improved endocrine and glycemic control, lower triglycerides,
prevention of excessive gestational weight gain, and facilitated
postpartum weight loss [41–51]. Regular exercise also shortens
labour, reduces obstetric complications, and enhances
perinatal outcomes [52], while alleviating stress, anxiety,
and insomnia [46, 53].

The Developmental Origins of Health and Disease (DOHaD)
hypothesis [54], extended to mental health, suggests prenatal
stress can impair fetal neurodevelopment and predispose to later
psychiatric disorders [55]. Infants of mothers with antenatal
depressive symptoms exhibit poorer behavioural regulation
and autonomic stability [56], so maternal exercise may protect
both mother and child.

Public Health Implications and
Implementation
These data advocate integrating structured exercise into perinatal
care, with clear frequency and intensity guidelines in national
protocols and provider training [57, 58]. To ensure equity,
programs should address geographic, socioeconomic, and
cultural barriers via community partnerships, telehealth, and
subsidized classes [59, 60]. Although formal cost–benefit
analyses are pending, preliminary evidence suggests preventive
exercise could lower downstream perinatal depression costs.
Real–world monitoring through registries and EPDS screening
will inform policy refinement [61, 62].

Methodological Considerations and
Reporting Standards
Variable subgroup outcomes underscore the need for
standardized intervention reporting. Tools such as
i–CONTENT [28] and CERT (FITT–Pro framework) [63, 64]
enhance reproducibility and clinical relevance, though only
CERT details exercise delivery parameters. Intervention quality
appraisal should guide tool selection.

Few studies detailed pregnancy-specific adaptations: Davis
et al. noted modifications without specifics; Duchette et al.
avoided certain positions [35]; Rong et al. adapted yoga for
pregnancy [39]; Kim et al. incorporated rest intervals [36, 65, 66].

Low adherence, driven by perceived fetal risk and postpartum
time constraints [67–69], highlights the need for maternal
education, reassurance about exercise safety, and support
services (e.g., childcare, accessible programs).

Debate has shifted from “whether” to “how” perinatal exercise
should be prescribed [70]. While guidelines recommend 150min/
week [71, 72], our analysis suggests benefits at 100min, indicating
that optimal intensity and volume warrant further study and
individualized recommendations, as urged by Dalbo et al. [64].

A key limitation in the broader literature is the heterogeneity
of depression assessment tools (EPDS, CES-D, HADS, BDI,
HAMA) [19, 73, 74], which complicates comparability across
studies. However, in ourmeta-analysis, only trials using the EPDS
were included to ensure methodological consistency. Although
EPDS remains the most widely applied scale, it may
underestimate exercise effects [56, 75].

Despite the consistent direction of benefit, the high
heterogeneity (I2 = 88%) observed across trials reflects
substantial methodological and clinical variability. This
dispersion likely stems from differences in exercise modalities
(aerobic, yoga, Pilates), supervision formats (in-person vs.
online), intervention durations (4–18 weeks), and participant
characteristics such as baseline EPDS scores and gestational stage.
Subgroup analyses by timing (pregnancy vs. postpartum) and
intervention partially explained this variability, indicating that
exercise during pregnancy and longer, supervised programs
produced more consistent effects. However, residual
heterogeneity suggests that contextual and behavioral factors,
including cultural attitudes toward exercise, adherence rates, and
perceived safety, may influence outcomes. These findings
highlight the need for future RCTs to adopt standardized
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protocols and detailed reporting frameworks (CERT,
i-CONTENT) to improve comparability and refine
dose–response estimations.

Limitations
A limited number of studies with high methodological
heterogeneity (I2 > 50%) and some at high or unclear risk of
bias may affect reliability. Potential publication bias was
suggested by funnel–plot asymmetry. Variability in
intervention protocols constrained deeper subgroup and
sensitivity analyses. Finally, maternal mental health
encompasses subclinical symptoms—anxiety, stress, fatigue,
insomnia—that often precede formal depression [76–79]. By
addressing depressive symptoms broadly rather than diagnoses
alone, this meta–analysis captures real–world emotional
well–being and fills a critical methodological gap.

Conclusion
These results support the integration of physical activity into
perinatal mental health strategies, as our meta–analysis found a
significant reduction in depressive symptoms among women who
exercised during the perinatal period. However, the high
heterogeneity and methodological limitations of the included
studies warrant a cautious interpretation of these findings.
Furthermore, promoting physical activity during pregnancy
may plausibly have positive effects on fetal neurodevelopment,
potentially reducing the risk of emotional and behavioral
disorders in later life, although this hypothesis should be
explored in future research. Finally, improving the quality of
exercise–based interventions through standardized tools such as
i–CONTENT or CERT is essential to strengthen the evidence
base and optimize clinical implementation.
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