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Background: Postpartum depression (PPD), a prevalent perinatal mood disorder characterized by persistent depressive and anxiety
symptoms, significantly impacts maternal-infant health. The COVID-19 pandemic has further increased the global burden of PPD,
emphasizing the need for effective and accessible interventions. Although non-pharmacological interventions are widely used, their
comparative efficacy remains uncertain.

Methods: We searched the Cochrane Library, Web of Science, EMBASE, PubMed, Scopus, CNKI, VIP Database, and Wanfang
Database (inception to September 1, 2024) for randomized controlled trials (RCTs). Interventions included acupuncture (ACU),
exercise (EXE), psychotherapy (PSY), exercise combined with psychotherapy (ECP), and music therapy (MT). Primary (depression)
and secondary (anxiety) outcomes were pooled using mean differences (MD) with 95% credible intervals (Crl). Risk of bias was
assessed via Cochrane RoB2. (PROSPERO: CRD42020166801).

Results: Thirty-five RCTs were included (n=4047). Meta-analyses for depressive symptoms (5 interventions, n=4047) showed
a statistically significant improvement in the non-pharmacological intervention group compared with the control group (standard
care, no intervention, or placebo et al), particularly for the ECP (95% Crl —2.3 to —0.85), followed by ACU (95% Crl —1.8 to —0.44)
and EXE (95% Crl —1.7 to —0.48). Similarly, for anxiety symptoms (5 interventions, n=863), the overall effect of the non-
pharmacological interventions was superior to that of the control group, with ECP again being the most effective modality (95%
Crl 2.3 to —0.18), followed by EXE (95% CrI —2.0 to —0.0021) and ACU (95% CrI —0.96 to —0.052).

Conclusion: This study demonstrates the promise of non-pharmacological interventions, particularly exercise, acupuncture, and ECP,
for alleviating PPD symptoms, positioning ECP as a potential first-line intervention for mild to moderate cases.
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Introduction

Postpartum depression (PPD) represents one of the most prevalent complications during the perinatal period." Current
research suggests multifactorial origins contributing to the pathophysiology of PPD, involving inflammatory mechanisms,
neuroendocrine alteration, potential neurodegenerative processes, as well as a complex interplay between genetic suscept-
ibility factors and environmental determinants.® Accumulating studies have established that PPD contributes to severe
outcomes, including anhedonia, persistent insomnia, impaired maternal-infant bonding, and thoughts of infant harm or
maternal suicidality.** These clinical manifestations not only compromise maternal health but also exert profound detrimental
effects on offspring development, particularly affecting emotional regulation, social competence, and cognitive acquisition.”
A large-scale meta-analysis encompassing 296284 participants from 56 countries quantified the global pooled prevalence of
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PPD at 17.7%, with subgroup analyses revealing geographical disparities - notably, low- and middle-income countries
demonstrate elevated prevalence rates ranging from 19% to 25%.° Moreover, some studies analyzing the prevalence of
postnatal depression during the COVID-19 pandemic have reported nearly a two-fold higher incidence compared with the pre-
pandemic period, underscoring the exacerbating impact of global crises on maternal mental health.” These epidemiological
patterns indicate that PPD represents a significant global public health concern.

Given the persistently elevated prevalence of PPD and its biopsychosocial impact on maternal-child relationships,
untreated cases could impose substantial emotional and physical burdens on families and society.” Consequently, the timely
implementation of evidence-based intervention strategies during perinatal windows emerges as both a clinical imperative and
public health necessity. Currently, the pharmacotherapeutic approaches for PPD employ a neurochemical strategy, comprising
serotonergic modulators including selective serotonin reuptake inhibitors (SSRIs; eg, sertraline, paroxetine), serotonin-
norepinephrine reuptake inhibitors (SNRIs), tricyclic antidepressants targeting broader monoaminergic systems, and novel
neurosteroid-based therapeutics exemplified by brexanolone.® ' While SSRIs demonstrate favorable maternal tolerability,
their trans- mammary passage necessitates rigorous risk-benefit analysis concerning potential neonatal neurobehavioral
complications.' Brexanolone, despite its efficacy in rapid remission, presents implementation challenges, such as a 60-
hour intravenous infusion, high costs, and dose-dependent adverse effects necessitate intensive monitoring.'> Consequently,
pharmacotherapy adherence barriers persist, with patients declining treatment due to teratogenicity misconceptions, lactation
safety, and so on.'® In addition, PPD frequently coexists with bipolar affective disorder and exhibits overlapping symptoms,
complicating the diagnostic process. This challenge may lead to inappropriate pharmacological intervention strategies;
selecting the wrong medication could exacerbate depressive symptoms and elevate maternal suicide risk.'*

In recent years, non-pharmacological interventions for PPD have gained significant traction among patients, with therapies
such as psychotherapy, pram walking, yoga, music therapy and acupuncture being increasingly adopted either as mono- or
complementary interventions. Non-pharmacological approaches offer several benefits: they generally have fewer side effects,
making them especially suitable for breastfeeding mothers;'® psychotherapy aids in improving negative emotions and fosters
sustained psychological resilience;'® physical activities like yoga and walking enhance endorphin release and cardiovascular

health, which synergistically improves emotional regulation;'”'®

and acupuncture demonstrates neurobiological benefits
through neuroplasticity modulation and anti-inflammatory mechanisms that may ameliorate depressive symptoms.'’
Importantly, these interventions can be customized to meet the unique needs of each patient while reducing reliance on
psychotropic medications, thereby mitigating risk of adverse pharmacological effects on both mothers and infants.?® Thus,
non-pharmacological interventions present a safe and effective alternative for PPD patients.

Although numerous systematic reviews have supported the efficacy of non-pharmacological interventions for PPD,
existing meta-analyses remain limited by small sample sizes, methodological heterogeneity, and insufficient exploration
of heterogeneity sources.”' 2* Exercise intervention studies frequently encounter difficulties in blinding participants due
to postpartum physiological characteristics, introducing potential bias,”® whereas acupuncture trials frequently suffer
from small sample sizes and insufficient subgroup analyses to differentiate intervention protocols (eg, acupoint combina-
tions or intervention frequency).”* Traditional pairwise meta-analyses are limited to direct comparisons between two
interventions, which constrains the ability to comprehensively evaluate multiple options. In contrast, network meta-
analysis (NMA) integrates both direct and indirect evidence to estimate and compare the relative effectiveness of several
interventions within a single analytical framework. The Bayesian model is commonly used in NMAs because they offer
greater flexibility than frequentist methods, such as incorporating prior information and modeling complex study
structures.”> Therefore, this study employs a Bayesian NMA to systematically compare and rank non-pharmacological
interventions for PPD with respect to depressive and anxiety symptoms, providing comparative evidence to inform
clinical decision-making and support personalised treatment strategies.

Materials and Methods

Study Registration
This study adhered to the PRISMA extension for Network Meta-Analyses (PRISMA-NMA) checklist, the Cochrane
Handbook for Systematic Reviews of Interventions, and relevant NMA methodological guidelines. The NMA has been
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prospectively registered in the International Prospective Register of Systematic Reviews (PROSPERO) under registration
number CRD42020166801.

Eligibility Criteria
Participants
The participants included primiparous or multiparous postpartum women who were diagnosed with PPD based on

a systematic clinical interview or a validated depression assessment scale.

Interventions
This study included the following non-pharmacological interventions (Table 1).

Comparator
Any of the above-mentioned non-pharmacological interventions or the control group; the control group was defined as
receiving any form of control intervention (eg, usual care, waitlist controls, non-intervention controls, and placebo).

Outcomes

The study should assess symptoms of depression or anxiety, and available data should be provided. Additionally, the
assessment of primary outcomes should utilize valid and specialized scales, listed as follows: (1) Depression symptoms:
Edinburgh Postnatal Depression Scale, Beck Depression Inventory, Hamilton Rating Scale for Depression; Self-Rating
Depression Scale. (2) Anxiety symptoms: Self-Rating Anxiety Scale, Beck Anxiety Inventory, State-Trait Anxiety

Inventory.

Study Designs

This systematic review exclusively included randomized controlled trials (RCTs) without imposing restrictions on
blinding procedures or allocation concealment. Grey study sources (eg, dissertations) were systematically searched to
mitigate publication bias. All eligible studies investigating non-pharmacological interventions were published in either
English or Chinese, thereby enhancing the methodological rigor and comprehensiveness of the present network meta-

analysis.

Exclusion Criteria
In this study, the following studies were excluded (Table 2). Studies were excluded if they met any of the following
conditions.

Information Sources

This study retrieved The Cochrane Library, Web of Science, EMBASE, PubMed, Scopus, China National Knowledge
Infrastructure (CNKI), VIP Database, and Wanfang Database for relevant studies published from database inception to
September 1, 2024. Two reviewers independently performed the study search using a predefined search strategy
combining free-text terms with medical subject headings.

Table | Types of Non-Pharmacological Intervention

Intervention Type Interventions

Acupuncture (ACU) Scalp acupuncture, dry needling, electroacupuncture et al.

Exercise (EXE) Yoga; jog; pram walking; home-based exercise et al.

Psychotherapy (PSY) Support group, cognitive behavioral therapy, mobile application interpersonal therapy, peer support et al.
Exercise combined with psychotherapy (ECP) Yoga combined with psychotherapy, cognitive-behavioral therapy combined with exercise et al.
Music therapy (MT) Online songwriting, music creation, listening to instrumental music et al.
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Table 2 Exclusion Criteria Used for Study Selection

Exclusion Criteria

1) Trials involving concurrent antidepressant medication during non-pharmacological interventions.

2) Conference papers, abstracts, reviews, or meta-analyses without primary data.

(
(
(3) Studies using quasi-random allocation methods or lacking available outcome data.
(4) Duplicate publications.

(

5) Studies with incomplete or inaccessible data.

Search Strategy

This study combined different search terms using Boolean logic (AND [between categories], OR [within categories]).
Two independent reviewers systematically executed the study search following predetermined exclusion criteria. To
maximize data completeness, the search encompassed both conventionally unavailable studies and non-indexed gray
study. The detailed search protocol is presented in Supplementary Table S1.

Selection Process

All retrieved records were imported into EndNote X9 to remove duplicate studies. Two reviewers independently screened
all titles and abstracts, strictly adhering to the inclusion and exclusion criteria, and obtained full manuscripts of studies
identified as potentially relevant. During the study screening and data extraction process, the two reviewers discussed and
resolved any issues. If any problems were not resolved, they were addressed through consensus with a third reviewer.

The flowchart of study selection was created according to the PRISMA guidelines.?*2’

Data Collection Process

For studies meeting the inclusion criteria, two researchers extracted participants’ characteristics using a data collection
form created in Excel. A standardized data extraction form was designed to facilitate comparison and analysis. In cases
where a study reported multiple depression or anxiety scores at different time points (eg, mid- intervention, follow-up),
only the scores obtained at the assessment point after the intervention phase were used. For studies with missing data,
efforts were made to contact the corresponding authors via Email or phone to obtain complete data.

Data Items

The extracted data were as follows: (1) General information: First author’s name, publication year, country, intervention
duration, and follow-up information. (2) Baseline data: Number of patients, age, duration of intervention (weeks),
frequency of intervention, initial and final scores on the adopted scales, and assessment endpoint for outcome measures.
(3) Intervention strategies: Acupuncture; exercise combined with psychotherapy; exercise; psychotherapy; music therapy.
(4) Primary and secondary outcome measures: Depression and anxiety.

Study Risk of Bias Assessment

Two independent reviewers independently assessed the risk of bias in randomized trials using the Cochrane risk of bias
tool, version 2 (RoB2). After completing their individual evaluations, the reviewers discussed their assessments to
resolve any discrepancies. The RoB2 tool examines bias across six distinct domains: (1) Bias arising from the
randomization process. (2) Bias due to deviations from intended intervention. (3) Bias due to missing outcome data.
(4) Bias in measurement of the outcome. (5) Bias in the selection of the reported result. (6) Bias in overall assessment.?®
Each domain was rated as follows: (1) low risk of bias, (2) unclear risk of bias, (3) high risk of bias. Any conflicts in
evaluation between the two reviewers were resolved through consultation with a third reviewer.

Effect Measures
As outcomes of depression and anxiety in this meta-analysis were continuous data, standardized mean differences (SMD)
was utilized to unify the effect sizes across studies according to the Cochrane Handbook. Specifically, the mean changes
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and SD from each included study were converted into SMD, allowing for comparisons of results on the same scale.?’
Furthermore, as this study included various types of interventions, Bayesian random effects and network meta-regression
were employed to assess the transferability of the data.

Synthesis Methods

Pairwise Meta-Analysis

In this study, all RCTs were grouped according to Mesh terms. A pairwise meta-analysis was conducted for depression
and anxiety. Statistical analyses were performed in R software (version 4.3.2) within a Bayesian framework, using JAGS
software (version 4.3.1) for direct and indirect comparisons. Data analysis was carried out using the GeMTC, metafor,
and meta packages in R.*® For the Bayesian estimation, four parallel Markov chains were run with 20,000 burn-in
(adaptation) iterations followed by 50,000 sampling iterations per chain. Convergence of the Bayesian models was
assessed using the Brooks—Gelman—Rubin diagnostic statistic (potential scale reduction factor, PSRF < 1.05), along with
visual inspections of trace and density plots to ensure the stability and reliability of the model estimates.

Summary of the Network

In the network diagram, the size of the points represents the sample size, with larger points indicating a larger sample
size. In head-to-head comparisons, the width of the connecting lines is proportional to the number of trials comparing the
two interventions. The absence of a connecting line indicates no direct comparative relationship between the trials,
allowing for network analysis through indirect comparisons.

Assessment of Consistency in Network

To assess the overall consistency of the network meta-analysis, both consistency and inconsistency models were used for
evaluation. The Deviance Information Criterion (DIC) values of the two models were compared, and the model with the
lower DIC value was selected. Subsequently, the node-splitting method was employed to determine if there was
statistical local inconsistency between direct and indirect comparisons (P-value > 0.05 indicates local consistency). If

. . . . 1
no inconsistency was found, the consistency model was considered acceptable.’

Assessment of Intervention Effectiveness Ranking

The ranking plots were generated based on the effectiveness of the non-pharmacological interventions in improving
depression and anxiety. The P-values for the intervention rankings were calculated using the point estimates and standard
errors derived from the network analysis. To assess the probability of each intervention being the most effective, the
P-score method was applied. This method estimates the effect sizes of pairwise intervention comparisons, assuming their
point estimates are normally distributed. The P-values range from 0 to 1, with higher values indicating a higher ranking

of intervention effectiveness, and lower values indicating a lower ranking.’

Assessment of Heterogeneity

Heterogeneity was assessed using Cochran’s Q statistic and I” values, categorized as follows: 0% indicating no
heterogeneity, 25% representing low heterogeneity, 50% indicating moderate heterogeneity, and 75% reflecting high
heterogeneity.® In the presence of significant heterogeneity, a random-effects model was applied for data synthesis;
otherwise, a fixed-effects model was used.

Reporting Bias Assessment

To assess the deviation of the findings from the true value, a funnel plot was generated using R (version 4.3.2).
A symmetric funnel plot indicated the absence of reporting bias, while an asymmetric plot suggested the presence of
reporting bias. The results of the funnel plot were verified by two researchers, with each researcher independently
evaluating the potential bias. In the case of any disagreements regarding the trial results, the final decision was made by
a third researcher.
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Results

Study Selection

This study identified a total of 2804 records across eight databases. After the removal of duplicates, 1903 unique entries
remained. Titles and abstracts were screened, and availability of full texts was assessed, resulting in 202 articles selected
for further evaluation. Following a thorough full-text review, 35 studies met the inclusion criteria and were included in
the final analysis.>*®® The study selection process adhered strictly to the PRISMA guidelines (Figure 1).2%%’

Study Characteristics

A total of 35 studies, conducted between 1991 and 2024, involving a total of 4047 participants. The detailed
characteristics of these studies, including authors, publication year, country, interventions, sample size, mean age,
intervention specifics, are summarized in Supplementary Table S2.

These studies were conducted across multiple countries, with 16 studies from China,**#043464858 5 from

Australia,****°®! 4 from the United States,*®*"%>%* 2 each from Canada and the United Kingdom,*' ** and 1 study

each from France, Iran, Turkey, Brazil, South Korea, and Switzerland.>”-%*%® Intervention types varied, including

[ Identification of studies via databases and registers J
M
Records identified from*:
c The Cochrane Library(n =414)
-.% ‘éVﬁgAOfSE‘(J'e”‘;g)(” =845) Records removed before
n= P
2 PubMed (n =800) | Screening:
= _ Duplicate records removed
= Scopus (n =130) T
g CNKI(n =507) (n=901)
= VIP Database (n =73)
Wanfang Database(n =16)
—
A4
S
Records screened Records excluded
—>
(n=1903) (n=1672)
A\ 4
Reports sought for retrieval Reports not retrieved
—>
= (n =231) (n=29)
=
[
5
» \4
Reports assessed for eligibility Reports excluded:
(n=202) . Incomplete data (n = 32)
Inadecuated population (n = 24)
Inadecuated control (n = 18)
Not meeting outcomes
includedin this review (n = 67)
Not RCT(n = 26)
N
v
H
S Reports of included studies
S (n=35)
£
Figure | lllustrates the process of study identification through databases and registries. The diagram shows the total number of records identified through database

searching and other sources, the number of records after duplicates were removed, the number of records screened and excluded, the number of full-text articles assessed
for eligibility, and the number of studies included in the final qualitative and quantitative synthesis.
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acupuncture (6 studies, 17.1%), exercise therapy (6 studies, 17.1%), psychotherapy (15 studies, 42.9%), exercise
combined with psychotherapy (5 studies, 14.3%), and music therapy (3 studies, 8.6%). All studies reported depression
severity, while 9 studies reported anxiety symptoms. In terms of intervention specifics, the durations typically ranged
from 4 to 12 weeks, with a frequency of 1-7 sessions per week. The sample sizes across these studies varied from 10 to
349 participants, with the majority of the participants being adult women aged between 20 and 40 years.

Risk of Bias in Studies

The results of the risk of bias assessment are presented in Figure 2. In the domain of randomization process, 33 studies
(94.3%) demonstrated low risk as they employed explicit methodologies such as sealed envelope methods or random
number tables for group allocation. Only two studies (5.7%) were rated as high risk due to insufficient descriptions of
randomization procedures and allocation concealment.

Regarding deviations from intended interventions, one study (2.9%) utilizing acupuncture versus sham acupuncture
with double-blinding was classified as low risk. Notably, the non-pharmacological nature of the interventions posed
challenges in blinding implementation across other studies. The remaining 34 studies (97.1%) were deemed to have
potential risks owing to inadequate descriptions of analytical methods for addressing intervention deviations.

For missing outcome data, all studies exhibited complete reporting with no attrition bias (low risk). In the measure-
ment of the outcome domain, standardized methodologies and statistical protocols were consistently reported, resulting in
a unanimous low-risk assessment. Selection of reported result bias was rated as low risk as predefined outcomes specified
in the study protocols were fully reported.

Quality appraisal revealed that two studies (5.7%) were classified as low quality due to high risk of bias, while the
remaining 32 studies (91.4%) were rated as moderate quality.

Network Meta-Analysis Results

Network Geometry

Among the 35 included studies, all were two-arm trials. The network plots (Figure 3A and B), generated using
R (Version 4.3.2), summarized the effects of non-pharmacological interventions on depressive and anxiety symptoms
in PPD. Six interventions were evaluated: psychotherapy, music therapy, exercise therapy, acupuncture, exercise
combined with psychotherapy, and control intervention. In direct comparisons, the thickness of the connecting lines
reflected the number of trials comparing the two interventions. The absence of a connecting line indicated no direct

comparison between the interventions, allowing for network analysis through indirect comparisons.

As percentage (intention-to-treat)

Overall Bias |
Selection of the reported result
Measurement of the outcome
Mising outcome data
Deviations from intended interventions
Randomization process ]
0 10 20 30 40 50 60 70 80 90 100

Low risk Some concerns M High risk

Figure 2 Present the risk of bias assessment results for all included studies in this review. Green indicates no significant risk of bias, yellow represents insufficient
information to assess the risk of bias or incomplete reporting, and red signifies a clear risk of bias in the included studies.
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Network Plot for Depressive Symptoms Network Plot for Anxiety Symptoms

©

(A) (B)

Figure 3 (A) A network graph comparing various non-pharmacological interventions for their effects on depressive symptoms in patients with PPD. (B) A network graph
comparing various non-pharmacological interventions for their effects on anxiety symptoms in patients with PPD. In panels (A and B), each circle represents an intervention:
ACU, EXE, PSY, ECP, MT and CON. The size of each circle is proportional to the number of studies evaluating that intervention. The lines connecting the circles represent
direct comparisons between interventions, with the width of the line indicating the number of studies comparing the two interventions. Thicker lines represent a greater
number of studies. The figure provides a visual representation of the network of interventions and their comparisons for both depressive and anxiety symptoms.
Abbreviations: CON, Control group; ACU, Acupuncture group; ECP, Exercise combined with psychotherapy group; EXE, Exercise therapy group; PSY, Psychotherapy
group; MT, Music therapy group.

Convergence Test

The convergence of the MCMC model for depressive and anxiety symptoms was assessed. The trace plots of all
parameters showed good mixing, the density plots exhibited unimodal distributions, and the Gelman-Rubin convergence
factors were close to 1 (Figures 4 and 5). These results indicate that the model has adequately converged and the
parameter estimates are reliable.

Consistency and Heterogeneity Analysis

For the network meta-analysis of depressive symptoms in this review, the ratio was found to be very close to 1, and the
DIC value (66.9) was lower than that of the inconsistent model (67.73). All p-values from the node-splitting analyses
were >0.05, indicating no evidence of local inconsistency. Therefore, the consistency model was selected for the
subsequent network meta-analysis. At this stage, I* was 6%, and the total model heterogeneity was also 6%.

Similarly, the odds ratio approximated unity (=1). The DIC value of the consistency model (15.2) was comparatively
lower than the inconsistency model (17.9). No evidence of local inconsistency emerged from node-splitting tests (p>
0.05), supporting the selection of the consistency model. Moderate heterogeneity was observed (I%, 21%; total model
heterogeneity: 21%).

Depressive Symptoms

Overall, a total of 35 RCTs involving 4047 participants evaluated the effects of six non-pharmacological interventions on
depressive symptoms in patients with PPD. As shown in the forest plot (Figure 6), four non-pharmacological interven-
tions were statistically significantly effective in improving depressive symptoms compared to the control group. These
interventions included acupuncture (MD, —1.1, 95% CrI —1.8 to —0.44), exercise combined with psychotherapy (MD,
—1.5, 95% Crl —2.3 to —0.85), exercise therapy (MD, —1.1, 95% CrI —1.7 to —0.48), and psychotherapy (MD, —0.93, 95%
Crl —1.3 to —0.60).

Anxiety Symptoms
A total of 9 RCTs, including 863 participants, assessed the effects of six non-pharmacological interventions on anxiety
symptoms in patients with PPD. As shown in the forest plot (Figure 7), three non-pharmacological interventions were
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Figure 4 Trace plots and density plots for depressive trajectories and convergence diagnostics. (A and B) Trace plots of the posterior distributions for anxiety symptoms across different interventions, including acupuncture (d.CON.
ACU), exercise (d.CON.EXE), music therapy (d.CON.MT), psychotherapy (d.CON.PSY), and exercise combined with psychotherapy (d.PSY.ECP). Trace of sd.d (bottom of (B) represents the trace plot for the standard deviation of the
parameters (sd.d), which is used for assessing the variability in the model and ensuring convergence of the model. (C) Convergence diagnostics for the model, showing the trace plots (left) and density plots (right) of the standard
deviations (sd.d) and other parameters. The red dashed lines indicate the 97.5% quantile, and the median value is shown by the solid line. Convergence is confirmed when the trace plot stabilizes and the density plot forms a clear
distribution.

Abbreviations: CON, Control group; ACU, Acupuncture group; ECP, Exercise combined with psychotherapy group; EXE, Exercise therapy group; PSY, Psychotherapy group; MT, Music therapy group.
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Figure 5 Trace plots and density plots for anxiety trajectories and convergence diagnostics. (A and B) Trace plots of the posterior distributions for anxiety symptoms across different interventions, including acupuncture (d.CON.ACU),
exercise (d.CON.EXE), music therapy (d.CON.MT), psychotherapy (d.CON.PSY), and exercise combined with psychotherapy (d.PSY.ECP). Trace of sd.d (bottom of (B) represents the trace plot for the standard deviation of the
parameters (sd.d), which is used for assessing the variability in the model and ensuring convergence of the model. (C) Convergence diagnostics for the model, showing the trace plots (left) and density plots (right) of the standard
deviations (sd.d) and other parameters. The red dashed lines indicate the 97.5% quantile, and the median value is shown by the solid line. Convergence is confirmed when the trace plot stabilizes and the density plot forms a clear
distribution.

Abbreviations: CON, Control group; ACU, Acupuncture group; ECP, Exercise combined with psychotherapy group; EXE, Exercise therapy group; PSY, Psychotherapy group; MT, Music therapy group.
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Mean Difference (95% Crl)

Compared with CON

ACU — o -1.1 (-1.8,-0.44)

ECP — 00— -1.5 (-2.3,-0.85)

EXE —0— -1.1(-1.7,-0.48)

MT —O0—— -0.67 (-1.4,0.058)

PSY ‘ —o— ‘ -0.93 (-1.3,-0.60)
-3 00.06

Figure 6 Forest plot of network meta-analysis results for depressive outcomes. This forest plot illustrates the mean differences (95% credible intervals, Crl) for various
interventions compared with the control group. Each intervention is represented by a horizontal line with a point estimate (hollow circle) and the 95% credible interval
(horizontal line). The mean differences indicate the effect size of each intervention relative to the control group, with negative values suggesting a reduction in symptoms
compared to the control. The intervals represent the uncertainty around the point estimate, and a wider interval suggests more uncertainty. The closer the interval is to
zero, the less certain the effect is.

Mean Difference (95% Crl)

Compared with CON

ACU —0— -0.73(-1.4,0.19)

ECP —— -1.3(-2.3,-0.18)

EXE ——0— -1.0 (-2,-0.0021)

MT —t—o—— 0.60(-0.60,1.8)

PSY | —o— | -0.56 (-0.96,-0.052)
-3 0 2

Figure 7 Forest plot of network meta-analysis results for anxiety outcomes. This forest plot illustrates the mean differences (95% credible intervals, Crl) for various
interventions compared with the control group. Each intervention is represented by a horizontal line with a point estimate (hollow circle) and the 95% credible interval
(horizontal line). The mean differences indicate the effect size of each intervention relative to the control group, with negative values suggesting a reduction in symptoms
compared to the control. The intervals represent the uncertainty around the point estimate, and a wider interval suggests more uncertainty. The closer the interval is to
zero, the less certain the effect is.

found to significantly improve anxiety symptoms compared to the control group. These interventions were exercise
combined with psychotherapy (MD, —1.3, 95% CrI —2.3 to —0.18), exercise therapy (MD, —1.0, 95% CrI —2.0 to
—0.0021), and psychotherapy (MD, —0.56, 95% CrI —0.96 to —0.052).

Effectiveness Rankings of Interventions

Table 3 and Figure 8 present the probability rankings of different interventions for improving depressive symptoms in
patients with PPD. The results indicate that exercise combined with psychotherapy ranks highest in effectiveness
(p-score, 0.92), followed by acupuncture (p-score, 0.64) and exercise therapy (p-score, 0.62). Similarly, Table 3 and
Figure 9 show the probability rankings of interventions for improving anxiety symptoms in patients with PPD. The
findings demonstrate that exercise combined with psychotherapy remains the most effective intervention (p-score, 0.89),

followed by exercise therapy (p-score, 0.76) and acupuncture (p-score, 0.61).

Table 3 Interventions Ranking

Intervention | Depressive (P-score) | Anxiety (P-score)
CON 0.01(6) 0.19(6)
ACU 0.64(2) 0.61(3)
EXE 0.62(3) 0.76(2)
PSY 0.48(4) 0.49(5)
ECP 0.92(1) 0.89(1)
MT 0.33(5) 0.54(4)

Abbreviations: CON, Control; ACU, Acupuncture; ECP, Exercise combined
with psychotherapy; EXE, Exercise therapy; PSY, Psychotherapy; MT, Music
therapy.
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Figure 8 The ranking of each intervention in improving depressive symptoms. The horizontal axis represents each intervention, the vertical axis represents the probability
of the intervention under that ranking, and the height of the bar then characterizes the probability value (0-I).

Reporting Bias
The funnel plot for depressive symptoms appears asymmetrical, suggesting the potential presence of publication bias
(Figure 10).

Discussion

Summary of Findings

Despite the growing adoption of non-pharmacological interventions in PPD management, the lack of reliable clinical
guidelines continues to impede their standardized implementation, while their therapeutic features and comparative
efficacy remain insufficiently investigated. To our knowledge, this study constitutes the first NMA systematically
evaluating the non-pharmacological interventions in ameliorating both depressive and anxiety symptoms among indivi-
duals with PPD. Distinct from prior pairwise meta-analyses, our review encompassed 35 RCTs involving 4047
participants, which rigorously assessed five non-pharmacological interventions: acupuncture, exercise therapy, psy-
chotherapy, music therapy, and a combination of ECP. The results demonstrated statistically significant improvements
across all five interventions in alleviating depressive and anxiety symptoms in individuals with PPD.

The rank order probability analysis for depressive symptom improvement revealed ECP as the most effective
intervention, followed by acupuncture, exercise therapy, and psychotherapy, with music therapy demonstrating the
lowest efficacy. These finding suggest that ECP could be an optimal therapeutic approach for PPD management,
potentially due to the synergistic benefits derived from combining exercise and psychotherapy components, which
appear to enhance overall intervention outcomes. Meanwhile, the ranking probability analysis demonstrated that ECP
exhibited the highest potential for alleviating anxiety symptoms, followed by exercise therapy, acupuncture and music
therapy, while psychotherapy showed comparatively limited effectiveness. The current findings demonstrate the
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therapeutic advantages of ECP as a combined intervention. Additionally, the results provide support for the potential
effectiveness of exercise therapy and acupuncture as viable non-pharmacological intervention alternatives for the
management of PPD-related symptoms.

Interpretation

Key mechanisms of PPD include a sharp decline in estradiol levels after childbirth, sustained elevation of cortisol levels
during pregnancy and postpartum, and dysregulation of the hypothalamic-pituitary-adrenal (HPA) axis.®®’' Additionally,
reduced oxytocin and serotonin levels are closely linked to depressive symptoms.”’”

Current perspective on PPD intervention suggests that integrated intervention approaches combining multiple
therapeutic modalities can simultaneously address both physiological and psychological factors, thereby offering
a more comprehensive and multidimensional intervention strategy. Li Li’s research, demonstrated that a combined
intervention of yoga and psychological counselling for primiparous women with PPD not only significantly alleviated
depressive symptoms but also improved mental health, promoted postpartum body shape recovery and pelvic floor
function restoration, and enhanced the patients’ quality of life.’® The rank probability analysis conducted in this study
further validates the superior efficacy of ECP, showing significantly improvements in both depressive and anxiety
symptoms compared to other interventions. These findings position ECP as a potentially optimal intervention strategy
for PPD. Future high-quality mechanistic studies are needed to elucidate ECP’s neurobiological mechanisms and
strengthen the evidence base for its clinical application.

The methodological quality of the included studies was “good”, and the risk of bias was generally manageable; however,
the quality of evidence remained insufficient. According to the bias risk chart (Figure 2), most studies had low risk in
“randomization process” and “selection of reported results”. However, concerns were observed in “overall bias” and
“deviations from intended interventions”, with some studies showing higher risks, particularly in “randomization process”
and “deviations from intended interventions”. The main issue was the lack of blinding of both participants and investigators,
which impacted the quality of the evidence. Previous systematic reviews have shown that blinding is the most common factor
affecting the quality of evidence in studies involving exercise, psychotherapy, acupuncture, and other interventions.”’*
Indeed, blinding is often difficult to implement when the investigators are directly involved in the intervention. Therefore, we
recommend that both investigators and participants be blinded in future studies. Code names can be assigned to different
groups, ensuring that neither the investigators nor the participants know the group allocations, thus enabling double blinding
and improving the quality of evidence. Studies have suggested that acupuncture may alleviate depressive symptoms and exert
antidepressant effects through modulation of the HPA axis.” The neuroendocrine mechanisms provide a theoretical founda-
tion for acupuncture’s application in PPD intervention, with clinical studies providing empirical validation. As shown in the
study by Zhang et al, while both acupuncture group and control group demonstrated therapeutic effects on depression and
anxiety symptoms, the acupuncture group exhibited significantly superior outcomes.”® To further evaluate the efficacy of
acupuncture, this review included five RCTs investigating various acupuncture modalities, including scalp acupuncture, dry
needling and electroacupuncture. Rank probability analysis indicated that acupuncture ranked second and third for improving
depressive and anxiety symptoms, respectively. These findings align with previous RCTs and meta-analyses.”* Nevertheless,
due to variability in intervention efficacy and heterogeneity in acupoint selection, additional high-quality studies are warranted
to establish optimal intervention parameters and elucidate the underlying mechanisms.

Accumulating evidence suggests that exercise therapy may alleviate depressive and anxiety symptoms in PPD
patients by modulating HPA axis dysfunction and enhancing the secretion of oxytocin and serotonin.”®’® These
neurobiological mechanisms provide a theoretical support for clinical application, while the high practicality and safety
of exercise therapy further enhance its clinical utility. For instance, by conducting a 12-week study, Armstrong et al
found that stroller walking interventions significantly improved both physical fitness levels and depressive symptoms in
PPD patients, providing early empirical evidence for exercise therapy in PPD management.34 Meta-analytic evidence
confirms that both low- and moderate-intensity exercise effectively alleviate depressive symptoms in women with PPD.”*
Notably, a recent meta-analysis indicates optimal therapeutic effects are achieved with moderate-intensity exercise
performed 34 times weekly, with 35-45 minute sessions.”® Our findings regarding exercise therapy align closely with
these established conclusions, further validating its efficacy and clinical value in PPD management.
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Psychological therapy addresses PPD-related psychosocial challenges by enhancing role adaption and interpersonal
functioning.®® Various evidence-based psychological interventions have been widely employed in PPD intervention,
particularly interpersonal therapy (IPT) and cognitive behavioral therapy (CBT). For instance, Seo et al developed
a CBT-based application that demonstrated efficacy in promoting healthy behaviors and alleviated depressive symptoms
among postpartum mothers.®” Nevertheless, while psychological therapy shows significant potential for PPD manage-
ment, its therapeutic effects may vary depending on individual differences and intervention adherence. Although our
study confirmed the effectiveness of psychological interventions, the outcomes were comparatively less robust than those
of ECP, acupuncture, and exercise therapy.

Emerging evidence indicates that music stimulation, as a form of environmental enrichment, upregulates brain-
derived neurotrophic factor (BDNF) in key brain regions including the prefrontal cortex, amygdala, hypothalamus and
hippocampus, thereby alleviating depressive and anxiety-like behaviors,*'** A RCT demonstrated that music therapy
significantly reduced anxiety symptoms in both mothers and infants compared to control group,*® Nevertheless, research
examining music therapy’s efficacy for mothers with PPD remains limited, resulting in the inclusion of only a small
number of relevant studies in our analysis. Although music therapy did not achieve high ranking in our evaluation, its
potential role in emotion regulation warrants further investigation, particularly its combined effects when integrated with
other non-pharmacological interventions.

Strengths and Limitations

This study represents the first NMA to systematically evaluate the efficacy of five distinct non-pharmacological
interventions for the treatment of PPD. Our comprehensive study search across seven authoritative databases ensured
source diversity and methodological rigor. The analysis exclusively incorporated RCTs meeting stringent design criteria
to guarantee high-quality evidence. The results suggest that, compared to the control group, these interventions exert their
antidepressant and anxiolytic effects. Importantly, these evidence-based results empower both patients and healthcare
providers to make informed clinical decisions regarding PPD management.

This NMA have several limitations that warrant consideration: (1) Clinical heterogeneity may exist across the
included non-pharmacological interventions due to variations in treatment protocols. (2) Most of the trials in this review
lacked long-term follow-up data, therefore it was not possible to assess the long-term effects of these interventions. (3)
While this review primarily focused on single intervention effects (with the exception of ECP), the therapeutic potential
of combined non-pharmacological interventions remains underexplored. Future research should systematically examine

multimodal intervention strategies to determine their synergistic effectiveness in PPD management.

Conclusion

This study underscores the potential of non-pharmacological interventions in managing PPD. The findings indicate that
exercise, acupuncture, and ECP show promising effects in improving depression and anxiety symptoms, suggesting
a role for ECP as a first-line intervention for mild to moderate PPD. In contrast, music therapy demonstrated more
modest benefits, necessitating further validation through rigorously designed RCTs. Given the multifactorial etiology of
PPD, future research should prioritize the development of multimodal intervention strategies to support personalized
intervention. However, these conclusions should be interpreted with caution due to methodological heterogeneity, limited
long-term follow-up, and generalizability constraints of the included studies. Therefore, further high-quality, large-scale,

multicenter randomized controlled trials are warranted to substantiate these findings.
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