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Abstract

Background

Aerobic exercise is widely recognized for improving mental health and reducing negative
emotions, including anxiety. However, research on its role in preventing and treating post-
partum depression (PPD) has yielded inconsistent results. Some studies show positive
effects on PPD symptoms, while others find limited impact, suggesting various factors at
play, such as exercise type, intensity, and individual differences. To address this gap, our
study aims to comprehensively gather evidence on the preventive and therapeutic effects of
aerobic exercise for PPD. We'll focus on differences in exercise program design and imple-
mentation, exploring how these factors impact intervention outcomes. By identifying effec-
tive exercise approaches, we aim to provide more comprehensive exercise prescription
recommendations for this vulnerable population.

Methods

We conducted a quantitative systematic review of the study in 5 representative databases
for the effect of aerobic exercise on PPD. Meta-analysis and network meta-analysis were
performed with Review-Manager.5.4 and Stata.16.0 software, respectively. This study has
been registered on the official Prospero website, and the registration code is
CRD42023398221.

Results

Twenty-six studies with 2,867 participants were eventually included and the efficacy of aero-
bic exercise in preventing and treating postpartum depression is significant compared to
standard care. (MD =-1.90; 95%CL: -2.58 to -1.21; |? = 86%). Subgroup analysis suggests
that the intervention objective (prevention vs. treatment) of exercise could potentially be a
source of heterogeneity in this study, as the “Test for subgroup difference” revealed the
presence of significant distinctions (p = 0.02<0.05). The “Test for subgroup difference”
yielded non-significant results for both the supervised vs. unsupervised subgroup
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comparison (p = 0.55 > 0.05) and the individual vs. team subgroup comparison (p = 0.78 >
0.05). Nonetheless, when assessing their effect sizes [Subtotal (95%CL)], the supervised
exercise group [-1.66 (-2.48, -0.85)] exhibited a slightly better performance than the unsuper-
vised exercise group [-1.37 (-1.86, -0.88)], while the team exercise group [-1.43 (-1.94,
-0.93)] slightly outperformed the individual exercise group [-1.28 (-2.23, -0.33)]. Network
meta-analysis indicated that moderate intensity (35~45 min) group demonstrated a more pro-
nounced intervention effect compared to low intensity (50~60 min) group [-2.63 (-4.05,
-1.21)] and high intensity (20~30 min) group [-2.96 (-4.51, -1.41)], while the 3~4 times/week
group had a more significant intervention effect compared to 1~2 times/week groups [-2.91
(-8.99, -1.83)] and 5~6 times/week groups [-3.28 (-4.75, -1.81)]. No significant differences
were observed in pairwise comparisons of intervention effects among the five common types
of aerobic exercises. (95%CL including 0). The Surface Under the Cumulative Ranking curve
(SUCRA) results align with the findings mentioned above and will not be reiterated here.

Conclusion

The efficacy of aerobic exercise in preventing and treating postpartum depression is signifi-
cant compared to standard care, with a greater emphasis on prevention. The optimal pre-
scribed exercise volume for intervention comprises a frequency of 3~4 exercise sessions
per week, moderate intensity (35~45 minutes). Currently, several uncharted internal factors
influence the optimal intervention effect of aerobic exercise, such as the potential enhance-
ment brought by team-based and supervised exercise. Given the absence of significant dif-
ferences in certain results and the limitations of the study, it is essential to exercise caution
when interpreting the outcomes. Further research is needed in the future to provide a more
comprehensive understanding.

1. Introduction

Postpartum depression (PPD) is a common complication following childbirth and is defined as a
significant symptom of depression or a typical depressive episode occurring within 1 to 12
months after delivery [1,2]. This condition poses a significant public health threat, affecting not
only the physical and mental health of mothers, but also that of their babies [2]. According to
2021 estimates, approximately 13 million women worldwide are diagnosed with PPD each year.
Approximately 50% to 75% of mothers encounter mild depressive symptoms, while around 10%
to 15% experience postpartum depression within the initial week following childbirth [3,4].
Despite its high incidence rate, the treatment rate for PPD remains low, with 90% of patients
going untreated, leading to a substantial burden on families and society as a whole [5]. The tradi-
tional treatment for PPD primarily includes psychological and medication interventions. How-
ever, the high cost of psychotherapy and the potential side effects associated with antidepressant
medications have resulted in low adherence and suboptimal treatment outcomes.

As anew “prescription tool”, exercise interventions are not only an important non-pharma-
cological method in treating postpartum depression, but also effective in preventing this disor-
der. Aerobic exercise as a common type of exercise for postpartum depression management.
Current evidence supports that PPD can be effectively prevented and treated through exercise
due to the postpartum-specific health outcomes including less urinary stress incontinence, less
lactation-induced bone loss, reducing postpartum weight retention, and less anxiety and
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depression [6]. It is widely recognized for the advantages of high practical operability and
safety. Costa et al. (2009) conducted a 12-week exercise intervention study and found that aer-
obic exercise was effective in relieving postpartum depression symptoms in PPD patients [7].
Ren et al. (2019) found a positive effect of aerobic exercise on the treatment of patients with
mild to moderate PPD by following up to 12 weeks of intense aerobic exercise in 38 patients
with postpartum depression [8]. However, the highly effective method used in aerobic exercise
intervention has not yet been fully validated as such. Coll et al. (2019) found that moderate lev-
els of aerobic exercise during pregnancy didn’t significantly reduce the patient’s postpartum
depression symptom scale (EPDS) score [9].

Previous studies have conducted meta-analyses of the efficacy of exercise interventions in
PPD prevention and treatment, with aerobic exercise as the primary intervention [10-12].
Moderate exercise can lower the hazard ratio of developing PPD in pregnant women in gen-
eral [13]. According to evidence, engaging in at least 150 minutes of moderate-intensity aero-
bic exercise every week can significantly heighten the effectiveness of physical activity in
preventing and treating PPD [14]. Moreover, a meta-analysis demonstrated that both low and
moderate-intensity exercise can reduce the severity of depressive symptoms among women
suffering from PPD [15]. The efficacy of aerobic exercise as an intervention for PPD may be
attributed to the combined effects of several factors [16-20], including exercise type, fre-
quency, intensity, duration, supervision, intervention objectives, and whether the exercise was
conducted individually or in a group setting. However, at present, there is a dearth of compre-
hensive data on the most effective aerobic exercise intervention program for preventing and
treating PPD. This review study hypothesizes that aerobic exercise may have a positive impact
on the prevention and treatment of PPD, but its effectiveness is influenced by various factors,
including the purpose of exercise intervention, exercise volume, supervision, exercise mode
(group or individual), and individual differences. We will focus on differences in the design of
different exercise programs and explore whether these factors affect the effectiveness of aerobic
exercise in PPD intervention through both traditional meta-analysis and network meta-analy-
sis. The aim is to provide a more comprehensive and precise exercise guidance for this popula-
tion, thereby improving their mental health and quality of life.

2. Method
2.1. Search strategy

A five-step search strategy was conducted (Fig 1) in these domestic and international databases:
China National Knowledge Infrastructure (CNKI), Wanfang Database, MEDLINE, Science
Direct, PubMed. We included randomized controlled trials (RCTs) that evaluated the prevention
and treatment effects of aerobic exercise on postpartum depression in women. The inclusion cri-
teria span from the inception of the database to the present, with studies primarily published in
English and Chinese languages and meeting the eligibility criteria for meta-analysis. The follow-
ing complete search strategy was employed: ((postpartum depression [Title/Abstract] OR postna-
tal depression [Title/Abstract]) OR (Maternal depression [Title/ Abstract] OR Maternal
depressive symptoms [Title/Abstract]). The interventions include exercise OR train OR physical
activity OR aerobic exercise were selected. See S2 File for specific search strategies.

2.2. Inclusion and exclusion criteria

Inclusion criteria: (based on the PICOS principles) (1) The participants are normal pregnant
women or postpartum depression patients who are adults (>18 years). (P: participants); (2)
The exercise intervention type in the experimental group was aerobic exercise (I: interven-
tions); (3) Perinatal women who received usual care or other therapies that do not involve
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v Full-text articles excluded (n=828)

Eligibility

- — Reason for excluded:
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Fig 1. PRISMA flow diagram of study selection.
https://doi.org/10.1371/journal.pone.0287650.9001

physical activity intervention were as the control group (C: comparisons); (4) The Edinburgh
Postnatal Depression Symptom Scale (EPDS) is used to test the severity of postpartum depres-
sion symptoms in the subjects (O: outcomes); (5) The analysis type in the literature is a ran-
domized controlled trial (RCT) (S: study design).

Exclusion criteria: (1) The animal testing and the population with depression except for
pregnant women (P); (2) No detailed description of the exercise intervention guidelines (I); (3)
No control group information (C); (4) Studies in which data are incomplete or valid data can-
not be extracted (O); (5) Conference reports, protocols, case reports, reviews, editorial materi-
als, and meta-analyses (S).

2.3. Quality assessment and data extraction

According to the preliminary risk assessment guidelines recommended by the Cochrane Col-
laboration, the following parameters were considered in the analysis: adequate random
sequence generation, allocation concealment, blinding of participants and personnel, blinding
of outcome assessment, incomplete outcome data, selective reporting and other bias (Fig 2).
Two investigators then conducted an independent review of the literature, extracting relevant
information and cross-checking to ensure final inclusion. The extracted information included
basic details about the studies (author name, publication year), sample characteristics (sample
size, location, age), and information about the experimental group intervention (intervention
objective, supervision status, type of exercise, intensity, duration, frequency, and total duration
of intervention), as well as details about the control group intervention (standard care or other
non-exercise interventions), and outcome data (severity of postpartum depression as mea-
sured by the Edinburgh Postnatal Depression Scale) (Table 1).

2.4. Grouping criteria

The grouping criteria for meta-analysis are typically various variables used in the studies,
which can vary based on the specific objectives and questions of the research. In the context of
network meta-analysis, grouping criteria can encompass characteristics of different
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Fig 2. Bias risk assessment of included studies.

https://doi.org/10.1371/journal.pone.0287650.9002

interventions, treatment plans, or intervention conditions, as well as other relevant factors that
might influence intervention effects. To ensure the accuracy of grouping results, apart from
the subgroup factors, ensuring the random allocation of other variable factors helps prevent
substantial differences in other aspects between the two groups, thereby avoiding any potential
impact on the results of subgroup analysis.

Subgroup analysis: After comparing the intervention protocols of the 26 studies, striking
differences were found in factors such as the intervention objectives, presence or absence of
supervision, and the form of exercise (individual or team). Based on the aforementioned fac-
tors, the included studies were subjected to three subgroup analyses. The first subgroup analy-
sis involved categorizing participants according to whether they engaged in exercise
individually or with companions during the intervention process. In the same time and space,
when only one participant is engaged in exercise, it is classified into the “individual exercise”
subgroup. If, in the same time and space, there are other companions besides the participant
exercising simultaneously, it is classified into the “team exercise” subgroup. The second sub-
group analysis involved grouping participants based on whether the entire exercise interven-
tion was supervised by a fitness expert. Participants who received supervision throughout the
exercise intervention were categorized into the “supervised exercise” subgroup, while those
without supervision were placed in the “unsupervised exercise” subgroup. The third subgroup
analysis was based on the intervention objectives. Studies included in the analysis were catego-
rized into either the “prevention group” if the intervention aimed to prevent PPD, or the
“treatment group” if the intervention aimed to treat PPD.

Network meta-analysis: The chosen 26 studies encompass a variety of aerobic exercise types
within the experimental group, including cycling/walking/running, yoga, dance, calisthenics,
aerobic training classes, swimming, and stretching exercises. Exercise durations range from 20
to 60 minutes, while exercise intensities span high, moderate, and low levels. It’s important to
provide a clear rationale for grouping cycling/walking/running as a single exercise category,
which stems from the common practice in exercise guidelines of combining any two of these
activities within training plans. All three of these activities fall under the category of cyclic
exercises with relatively low complexity of movement, and their exercise intensities remain
consistent. Furthermore, considering the collective weekly exercise volume involving all these
aerobic activities, cohorts with similar weekly exercise volumes are categorized into the yoga,
dance, and swimming groups. Exercise types that exhibit more diversity, often not limited to a
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singular form but maintain relatively consistent weekly exercise volumes, are assigned to other
exercise groups. Exercise volume is organized into three tiers, descending from high to low
volume. In terms of exercise frequency, they are classified into three brackets: 1~2 times per
week, 3~4 times per week, and 5~6 times per week. Importantly, after closely examining the
planned exercise intensities and durations across all included studies, a discernible pattern
emerges where higher exercise intensities are frequently coupled with shorter exercise dura-
tions. Aligning akin patterns of exercise intensity and duration results in three classifications:
high intensity (20~30 minutes), moderate intensity (35~45 minutes), and low intensity (50~60
minutes).

2.5. Statistical analyses

Firstly, a meta-analysis was conducted using RevMan 5.3 software on the mean and standard
deviation of the Edinburgh Postnatal Depression Scale (EPDS) in the experimental and control
groups after the aerobic exercise intervention. Based on this data, we conducted Meta-analysis
to calculate the effect sizes (MD) and 95% confidence intervals for the experimental and con-
trol groups in each study. By aggregating all these results, we can determine whether exercise
intervention is effective in preventing and treating postpartum depression. This determination
relies on whether there is a significant difference in the outcomes between the experimental
and control groups in the Meta-analysis. In a forest plot within a meta-analysis, MD is used to
represent the statistical measure of mean difference between different study groups. It assists
us in comprehensively assessing effect sizes and significance across studies in a meta-analysis.
If the I*<50% or p>0.05, indicating low heterogeneity, a fixed-effects model was applied. Con-
versely, if I°>50% or p<0.05, indicating high heterogeneity, a random-effects model was used,
and we should conduct subgroup analysis to identify the cause of this heterogeneity. The
results of subgroup analysis are comprehensively interpreted using the “Test for subgroup dif-
ference”, as well as the “Subtotal (95% CL)” for each subgroup.

The network meta-analysis was conducted using Stata 16.0 software, and an evidence net-
work diagram was generated. Since there was no closed loop in the evidence network diagram,
no inconsistency test was necessary, and direct comparisons were made. The results were pre-
sented in a league table, where the data represents the mean difference (MD) values and 95%
confidence interval (CI) values for direct comparisons between different interventions. If
MD<Q0, it means the “column” intervention was superior to the “row” intervention, and vice
versa. If the 95% CI did not include 0, it indicated statistical significance (p<0.05), and if it did
include 0, the opposite was true. The Surface Under the Cumulative Ranking (SUCRA) for
each intervention was calculated, with higher values indicating a better intervention effect.
Finally, a funnel plot was also generated, where large sample studies with high precision and
low numbers are located at the top and cluster near the center of the combined effect size,
while small sample studies with low precision and high numbers are located at the bottom and
are symmetrically distributed to the left and right. Sensitivity analysis is a valuable tool for eval-
uating the robustness and reliability of study findings.

3. Results
3.1. Search results

Twenty-six articles were selected (Fig 1), 2867 cases were obtained, the publication years ran-
ged from 2003 to 2021 [1,7-9,21-42]. The sample subjects of the 26 RCT studies covered 11
countries and regions. All the RCTs experimental group interventions were aerobic exercise
with different contents. The control groups had no exercise interventions, but received
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Hetecogenotty: Tau® = 2.15; Ch = 175.27, ¢f = 25 (P < 0.00001); I’ = 85%
Tost for overall effect: Z » 5.41 (P < 0.00001)

standard care (SC). Table 1 shows the basic information about the included studies (sample
information, experimental group information, control group information and outcome data).

3.2. Risk of bias

According to the preliminary risk assessment for publication bias as recommended by the
Cochrane Collaboration. The overall risk of bias in the 26 included studies were judged to
have a low risk of bias (70% low risk, 20% unknown risk, 10% high risk) (Fig 2).

3.3. Outcomes of meta-analysis

3.3.1. The overall intervention effect of aerobic exercise on symptoms of PPD. In Fig 3,
each row of colored circles on the right side represents the 7 risk factors (A~G) of risk bias.
The red, yellow, green correspond to high risk, unknown risk, and low risk respectively. Meta-
analysis summary results (26 RCTs; MD = -1.90, 95% CL: -2.58, -1.21; I* = 86%) indicate that
aerobic exercise is significantly effective in preventing and treating postpartum depression
when compared to the control group with standard care. The mean difference (MD) of -1.90
suggests that the symptom scores for postpartum depression are significantly lower in the
experimental group compared to the control group, indicating substantial improvement. The
95% confidence interval ranging from -2.58 to -1.21 indicates that, with 95% confidence, the
true mean difference is likely within this range, which doesn’t include 0. This further supports
the significant effect of aerobic exercise. The heterogeneity analysis results show the I* = 86%,
indicating high heterogeneity that needed the subgroup analysis to find the source of
heterogeneity.

40 5 0 5 10
Favours [experimental]  Favours [control]

(D) Binding of outcome assessment (detection bias)

(A) Random soquence goneration (soloction bias) (E) Incomplete outcome data (attrition bias)

(8) Alocation concoalment (selection bias) (F) Seloctive reporting (reporting bias)
(C) Binding of participants and personnel (performance bias) (G) Other blas

Fig 3. Forest plot of the overall intervention effect of aerobic exercise on PPD symptoms.

https://doi.org/10.1371/journal.pone.0287650.9g003
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Fig 4. Forest plot of the comparison of the effect of team exercise vs. individual exercise on PPD symptoms.

https://doi.org/10.1371/journal.pone.0287650.9004

3.3.2. The impact of individual vs. team exercise on preventing and treating PPD symp-
toms through subgroup analysis. With the premise of ensuring the random allocation of

other variable factors apart from the subgroup factors, the results of the subgroup analysis are
as follows. As shown in Fig 4, Test for subgroup difference indicates no statistical significance
(p = 0.78>0.05), indicating that this organizational format of exercise is not the source of het-
erogeneity in this study. Therefore, both the team exercise group [8,21,31,33-36] (7 RCTs; MD
=-1.43,95%CL: -1.94, -0.93; I* = 34%) and the individual exercise group [1,7,24,27,37,39,40]
(8 RCTs; MD = -1.28, 95%CL: -2.23, -0.33; I” = 3%), when compared to the control group with
standard care are beneficial for reducing postpartum depressive symptoms. Expanding on this,
through a direct comparison of the effect sizes (MD Subtotal) between the two groups, it
becomes evident that the team exercise group (MD = -1.43) slightly surpassed the individual
exercise group (MD = -1.28) in terms of efficacy.

3.3.3. The impact of supervised vs. unsupervised exercise on preventing and treating
PPD symptoms through subgroup analysis. With the premise of ensuring the random allo-
cation of other variable factors apart from the subgroup factors, the results of the subgroup
analysis are as follows. As shown in Fig 5, test for subgroup difference indicates no statistical
significance (p = 0.55>0.05), indicating that the supervision of exercise process or not is not
the source of heterogeneity in this study. Therefore, both the supervised exercise group
[1,24,26,27,29,32,33,40,41] (9 RCTs; MD = -1.66; 95%CL: -2.48, -0.85; I* = 37%) and the unsu-
pervised exercise group [7,8,21,31,35-39] (9 RCT's; MD = -1.37; 95%CL: -1.86, -0.88; > = 9%),
when compared to the control group with standard care are beneficial for reducing postpar-
tum depressive symptoms. Building on this, by directly comparing the effect sizes of the two
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Fig 5. Forest plot of the comparison of the effect of supervised exercise vs. unsupervised exercise on PPD
symptoms.

https://doi.org/10.1371/journal.pone.0287650.g005

groups, it is evident that the supervised exercise group (MD = -1.66) slightly outperformed the
unsupervised exercise group (MD = -1.37).

3.3.4 The impact of the prevention group vs. the treatment group on alleviating PPD
symptoms through subgroup analysis. With the premise of ensuring the random allocation
of other variable factors apart from the subgroup factors, the results of the subgroup analysis are
as follows. As shown in Fig 6, Test for subgroup difference indicates the presence of significant
differences (p = 0.02<0.05), indicating that the intervention objectives may be the source of het-
erogeneity in this study. And the prevention group (MD = -1.96) is significantly higher than the
treatment group (MD = -1.04). Therefore, the prevention group [9,21,23,25,31,32,34-36,42] (10
RCTs; MD = -1.96; 95%CL: -2.23, -1.70; I* = 84%) was found to be more beneficial than the
treatment group [1,7,8,24,26,27,29,37,39,40] (10 RCTs; MD = -1.04; 95%CL: -1.78, -0.30; ’=
9%) for improving symptoms of PPD. But the heterogeneity in prevention group still remains
high (I” = 84%), indicating the source of heterogeneity in this group is yet to be explored.

3.4. Outcomes of network meta-analysis

3.4.1. The effect of different aerobic exercise programs on improving symptom of
PPD. Evidence network diagram: We employed a network meta-analysis to investigate the
impact of different exercise frequencies on the intervention effect. 25 studies were included,
and the experimental group was mainly included cycling/walking/running [8,9,26,41], dance
group [21,30,39], yoga group [7,22,24,29,34], swimming group [27,36,37,40,42], other sports
group [1,23,25,31-33,35,38]. The control group with standard care had no exercise interven-
tion. The network relationship between different exercise content on improving PPD symp-
toms was shown in Fig 7A.
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Fig 6. Forest plot of the comparison of the effect of prevention vs. treatment on PPD symptoms.

https://doi.org/10.1371/journal.pone.0287650.9006

Network meta-analysis: Out of the 15 comparisons, 4 comparisons were found to have a
statistically significant difference (p<0.05, 95%CL excluding 0). Excluding the yoga group
(95%CL including 0), all remaining groups exhibit more favorable intervention effects relative
to the control group with standard care. However, pairwise comparisons between different
exercise types yield statistically insignificant results (95%CL including 0). (Table 2). SUCRA:
dance group (SUCRA = 86.9%) > swimming group (SUCRA = 73.3%) > other sports group
(SUCRA = 56.6%) > cycling/walking/running group (SUCRA = 54.4%) > yoga group
(SUCRA = 24.3%) > control group (SUCRA = 4.2%) (Fig 7B). Therefore, we cannot draw a
conclusive determination regarding which specific exercise type yields superior results in exer-
cise intervention for PPD.

Dance Ride/Walk/Run (®) Control (no sports) ~ Ride/Walk/Run Dance
%<1 SUCRA=4.2%| <4 SUCRAAS4.4% <=4 ,s(ck.‘\'-.\« 9%
4 .E - ) - -
Control =~ / “ ~
(no sports) 20 — el e
€ 123 45 6 1 23 45 6 12 3 4 5 6
™ Other sports Yoga Swimming
% - e - . -
- / /
:.2_ <4 SUCRA=56.6% =24 SUCRA=4.3% <4 SUCRA-73.3%
- -4 - . -
o /
~q o o~

Swimming

Rank

Fig 7. Network plot and SUCRA represent the effect of different training contents on improving PPD symptoms.

https://doi.org/10.1371/journal.pone.0287650.9g007
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Table 2. The effect of different aerobic exercise type on improving PPD symptoms [MD (95% CL)].

Aerobic Dance Swimming Other sports | Ride/Walk/Run Yoga Control
exercise type
Dance 0
Swimming -0.57 0
(-2.96,1.83)
Other sports -1.15 -0.58 0
(-3.21,0.91) (-2.56,1.40)
Ride/Walk/Run -1.22 -0.65 -0.07 0
(-3.64,1.20) (-2.99,1.68) (-2.07,1.93)
Yoga -2.22 (-4.44, -1.65 -1.07 -1.00 0
-0.00) * (-3.79,0.49) (-2.84,0.70) (-3.16,1.16)
Control -2.89 (-4.63, -2.32 (-3.96, -1.74 (-2.85, -1.67 (-3.33, -0.67 0
S1.15) * -0.68) * 10.63) * -0.01) * (-2.05,0.71)
NOTE

* indicates p < 0.05 (statistically significant difference), because 95% CL of the combined effect size of the measures,
with no statistical significance when the 95% CL don’t includ 0; When MD<0, indicating that “column” treatment
measures were superior to “row” and vice versa; The control group received standard care without exercise

intervention.

https://doi.org/10.1371/journal.pone.0287650.t002

3.4.2. The effect of different prescribed exercise volume on improving symptoms of
PPD. a) Prescribed frequency. Evidence network diagram: We employed a network meta-
analysis to investigate the impact of different exercise frequencies on the intervention effect. 24
studies were included, and the experimental group was mainly included 3 different exercise
frequencies, the 1~2 times/week group [7,9,37-39], the 3~4 times/week group
[28,30,35,41,42], as well as the 5~6 times/week group [1,8,21-27,29,31-34,36]. The network
relationship between different prescribed exercise frequencies on improving symptoms of
PPD was shown in Fig 8A.

Network meta-analysis: Out of the 6 comparisons, 4 comparisons were found to have a sta-
tistically significant difference (p<0.05, 95%CL excluding 0). Among them, a significant differ-
ence between the 3~4 times/week and 1~2 times/week groups [-2.91 (-3.99, -1.83)], as well as
between the moderate 3~4 times/week and 5~6 times/week groups [-3.28 (-4.75, -1.81)].
(Table 3). SUCRA: The 3~4 times/week group (SUCRA = 100%) > the 5~6 times/week group
(SUCRA =56.8%) > the 1~2 times/week group (SUCRA = 41.3%) > control group

34 times/week (b) Control(0 time/week) 1~2 times/week
< <4 /
P SUCRA~1.8% @4 SUCRA=#1.3%
Y« <A
Control =N N
= =
(0 ime/week) e °4; ; . . & v v v
1~2 times/week S 1 2 3 4 ' 2 3 4
& 3~4 times/week S~6times/wecek
v .
Z o ]
= —
14 S SUCRA~100% @ SUCKA=56.8%
4 E « - /
. : = i o
S~6times/week S v /
oA ] o1 ]
1 2 b} 4 1 J K
Rank

Fig 8. Network plots and surface under cumulative ranking curves (SUCRA) represent the effect of different prescribed
exercise frequency on improving PPD symptoms.

https://doi.org/10.1371/journal.pone.0287650.9008
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(a) Low (50~60min)

Moderate (35~45min)

High (20~30min)

Table 3. The effect of different prescribed exercise frequency on improving PPD symptoms [MD (95% CL)].

Frequency 3~4 time/week 1~2 times/week 5~6 times/week Control
3~4 time/week 0

1~2 times/week -2.91(-3.99,-1.83) * 0

5~6 times/week -3.28 (-4.75,-1.81) * -0.37 (-1.68,0.95) 0

Control (0 time/week) -4.22 (-5.12,-3.31) * -1.31 (-1.91, -0.70) * -0.94 (-2.10,0.22) 0
NOTE

* Indicates p < 0.05 (statistically significant difference); The control group received routine care without exercise

intervention.

https://doi.org/10.1371/journal.pone.0287650.t003

(SUCRA = 1.8%) (Fig 8B). Therefore, 3~4 times/week was the best prescribed exercise fre-
quency to improve symptoms of PPD.

b) Prescribed intensity-duration combinations. Evidence network diagram: We employed a
network meta-analysis to investigate the impact of different prescribed intensity-duration
combinations on the intervention effect.16 studies were included, and the experimental group
was mainly included 3 intensity-duration combinations. The low (50~60 min) group
[1,8,22,27,29], the moderate (35~45 min) group [28,30,33,35,41,42], the high (20~30 min)
group [7,9,37-39]. The network relationship between different prescribed exercise intensities-
duration on improving PPD symptoms was shown in Fig 9A.

Network meta-analysis: Out of the 6 comparisons, 4 comparisons were found to have a sta-
tistically significant difference (p<0.05, 95%CL excluding 0). Among them, a significant differ-
ence between the moderate (35~45 min) and low (50~60 min) groups [-2.63 (-4.05, -1.21)], as
well as between the moderate (35~45 min) and high (20~30 min) groups [-2.96 (-4.51, -1.41)].
(Table 4). SUCRA: The moderate (35~45 min) group (SUCRA = 100%) > low (50~60 min)
group (SUCRA = 55%) > the high (20~30 min) group (SUCRA = 42.5%) > control group
(SUCRA = 2.5%) (Fig 9B). Therefore, moderate intensity (35~45 min) min was the best pre-
scribed exercise intensity-duration combinations to improve symptoms of PPD.

3.5. Sensitivity analysis

The results of the sensitivity analysis demonstrated that the exclusion of each study had mini-
mal impact on the overall findings, underscoring the high level of robustness and reliability of

(b) Control (no intensity) Low (50~60min)

©
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Fig 9. Network plots and surface under cumulative ranking curves (SUCRA) represent the effect of different prescribed exercise intensity-duration
combinations on improving PPD symptoms.

https://doi.org/10.1371/journal.pone.0287650.9g009
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Table 4. The effect of different prescribed exercise intensity-duration on improving PPD symptoms [MD (95%
CL)].

Intensity (duration) Moderate (35~45min) Low (50~60min) High (20~30min) Control
Moderate (35~45min) 0

Low (50~60min) -2.63 (-4.05,-1.21) * 0

High (15~30min) 2.96 (-4.51, -1.41) * -0.33 (-1.98,1.32) 0

Control -3.92(-4.83,-3.01) * -1.29 (-2.38,-0.20) * -0.96 (-2.20,0.29) 0
NOTE

* Indicates 95%CL excluding 0, p < 0.05 (statistically significant difference); low intensity:40%HRR, moderate
intensity:50~60%HRR, high intensity:65%~74%HRR; Exercise intensity was expressed as reserve heart rate (HRR) =
(maximal heart rate—resting heart rate) x percentage of intensity + resting heart rate, maximal heart rate = 220-age;

The control group received routine care without exercise intervention.

https://doi.org/10.1371/journal.pone.0287650.1004

this study. The sensitivity analysis influence plot (Fig 10) revealed that 26 studies had a negligi-
ble effect on the summary effect size, with the estimated effect size of each study falling within
the horizontal line area of the confidence interval.

3.6. Publication bias analysis

The symmetrical shape of the funnel plot displayed in Fig 11. suggested that the risk of publica-
tion bias was low. In addition, the P-value of Egger’s linear regression test, used to evaluate the
asymmetry of the funnel plot, indicated the absence of publication bias (p = 0.32>>0.05), as out-
lined in Table 5.

Aguilar-cordero 2019

Meta-analysis estimates, given named study is omitted
Lower CI Limit ~Estimate Upper CI Limit

Armstrong 2004
Buttner 2015
Coll 2019
Costa 2009
Daley 2008
Daley 2015 |
Forsyth 2017 \
Haruna 2013
Heh 2018
Huang Li2003
Keller 2014
Lewis 2014
LiLi2019
Mohammadi 2014
Norman 2010
Teychenne 2021
en Wei2019
Robichaud 2009
Saeedi 2010
Shelton 2015
Surkan 2012
Thiruppathi 2014
Yan Feng2019
Yang&Chen 2017
Ozkan 2020 |

-0.52 -0.45 -0.38 -0.30 -0.26

Fig 10. Sensitivity analysis influence plot of the included studies.
https://doi.org/10.1371/journal.pone.0287650.g010
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Fig 11. Funnel plot of publication bias of included studies. NOTE: The number of dots represents the number of
included studies, and its more symmetrical distribution indicates no publication bias, but the description of the symmetry
of the distribution is somewhat subjective.

https://doi.org/10.1371/journal.pone.0287650.9011

4. Discussion

The main results of the meta-analysis show that compared to the control group with standard
care, the experimental group engaging in aerobic exercise is more beneficial for preventing
and treating postpartum depression. However, it is noteworthy that the study outcomes exhibit
a marked level of heterogeneity, suggestive of potential considerable disparities in the effects of
interventions among the encompassed investigations. Commencing with the inherent aspects
embedded within the exercise intervention guidelines of the experimental group, this study
posits that the potency of exercise intervention may be influenced by elements such as the aspi-
rations of the intervention, the organizational format of exercise, the presence or absence of
supervision, and the amount of exercise.

Based on the aforementioned hypotheses, we conducted three subgroup analyses. Subgroup
analysis suggests that the intervention objective (prevention vs. treatment) of exercise could
potentially be a source of heterogeneity in this study (p = 0.02<0.05), indicating that the pre-
ventive effects of aerobic exercise are superior to the therapeutic effects. It is well known that
engaging in appropriate aerobic exercise during pregnancy not only promotes pelvic mobility

Table 5. Egger test for publication bias of included studies.

Std_Eff Coef. Std.Err. t P>|t] [95% Conf. Interval]
slope -0.112529 0.155612 -0.27 0.478 -0.438229 -0.21327
bise -0.92655 0.74789 -1.24 0.32 -2.491901 -0.638802

NOTE: p>0.05 indicating good agreement (no publication bias) and a more objective description of publication bias
with numerical value.

https://doi.org/10.1371/journal.pone.0287650.t005
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and increases birth canal space to alleviate maternal labor pain but also helps prevent preg-
nancy complications. There is evidence to suggest that postpartum depression (PPD) doesn’t
exclusively occur after childbirth, as population-based studies indicate a similar 12% occur-
rence rate of depression during pregnancy. This suggests that PPD symptoms may originate
during pregnancy in certain cases [43]. Furthermore, studies indicate that the antidepressant
effects of exercise can persist for a period after exercise cessation [44]. Therefore, engaging in
aerobic exercise during pregnancy may have a greater impact on preventing PPD compared to
exercise as a treatment postpartum.

The results of the “Test for subgroup difference” indicate that there were no significant dif-
ferences observed in the outcomes of the supervised vs. unsupervised subgroup
(p =0.55 > 0.05, Fig 5) and the team vs. individual subgroup (p = 0.78 > 0.05, Fig 4). Fortu-
nately, we gain some confidence by comparing the outcomes of the “Subtotal (95%CL)”. The
combined effect size of team exercise [MD = -1.43; 95%CL: (-1.94 to -0.93)] is larger than indi-
vidual exercise [MD = -1.28; 95%CL: (-2.23 to -0.33)] (Fig 4), and the combined effect size of
the supervised exercise group [MD = -1.66; 95%CL: (-2.48 to -0.85)] is larger than the unsuper-
vised group [MD = -1.37; 95%CL: (-1.86 to -0.88)] (Fig 5), although these differences are statis-
tically insignificant. In fact, research has indicated that social support is a crucial factor for
maintaining the mental well-being of pregnant and postpartum women, with supervised exer-
cise and team-based exercise serving as avenues for providing effective social support [45]. For
instance, team exercise could create a positive environment for maternal emotional communi-
cation, sharing of maternal emotions, enhance mothers’ childbirth knowledge and skills [46].
Furthermore, the team exercise could also reduce fear of labor pains, alleviate negative emo-
tions, improve interpersonal communication, as well as enhance self-efficacy [47]. And moth-
ers could be quickly assisted by other peers in the event of an emergencies such as falls or other
discomfort to ensure the safety of the exercise [48]. Apart from that, supervised exercise refers
to physical activities guided and monitored by healthcare professionals or fitness trainers. It
ensures that exercises are safe and appropriate for individual pregnant and postpartum
women [49]. Engaging in supervised exercise classes or programs also provides opportunities
for social interaction, which is a crucial aspect of mental well-being, and can alleviate feelings
of isolation when connecting with other new mothers and professionals in a supportive envi-
ronment [31,50].

This study did not yield significant differences in their outcomes, and the primary reasons
for this lack of significance could be as follows: Firstly, influenced by the limitations of the
meta-analysis method itself, meta-analysis derives generalized conclusions from synthesizing
experimental data across all studies. Some potential differences might remain undiscovered
through subgroup analysis. Therefore, based on the results of the: “Test for subgroup differ-
ences”, we might not be able to accurately determine the reasons for significant differences in
intervention effects in the experimental designs. Secondly, constrained by the current state of
research, the studies we retrieved and ultimately included primarily focused on analyzing the
efficacy of exercise intervention for postpartum depression. These analyses were carried out
through randomized controlled trials comparing aerobic exercise (experimental group) with
standard care (control group). The absence of randomized controlled trials directly comparing
supervised exercise to unsupervised exercise, and team-based exercise to individual exercise,
may also have contributed to the lack of significant differences observed in comparisons
between these two subgroups. In the future, delving into these differences inherent in these
exercise guidelines holds substantial importance in finding the optimal exercise intervention
guidelines tailored for this specific population with the disease.

Given the inherent limitations of subgroup analysis, we have employed a network meta-
analysis to investigate whether different types and volumes of exercise significantly impact the
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prevention and treatment of postpartum depression. The results of the network meta-analysis
emphasize that, excluding the yoga group, all other groups exhibit more favorable intervention
effects relative to the control group. Pairwise comparisons among the dance, swimming,
cycling/walking/running (jogging), and other exercise groups did not yield statistically signifi-
cant differences, indicating that the type of aerobic exercise does not directly influence the
intervention effects. Different individuals have varying preferences for types of exercise, so we
speculate that experimental participants might exhibit different levels of adherence to the same
exercise type. This implies that these exercise types might not directly cause differences in
intervention effects; rather, patients’ adherence to the prescribed exercise is the direct factor
influencing intervention outcomes. Due to the lack of exercise adherence data in the existing
literature, this remains a speculative viewpoint. Among the 26 studies included, only a small
number mentioned exercise adherence [7,9,31-33,38,39], and even then, they primarily
referred to ideal rather than actual adherence, constituting a limitation of this study.

Moderate aerobic exercise can stimulate the release of endorphins, uplift mood, and allevi-
ate symptoms of anxiety and depression [51]. Moderate exercise also helps regulate hormone
levels, improve sleep quality, enhance self-awareness and self-esteem, thereby positively
impacting the alleviation of postpartum depression [52]. In the 26 studies we reviewed, the
experimental exercise guidelines covered a wide range of weekly exercise frequencies, varying
from 1 to 6 times, along with different exercise intensities—high, moderate, and low—and
exercise durations spanning from 20 to 60 minutes. This encompassed a broad spectrum of
exercise volumes. After conducting the network meta-analysis, we have obtained the following
results: a comparison of SUCRA values and MD (95% CI) among the three distinct exercise
frequencies demonstrated that engaging in exercise 3~4 times per week outperformed the
other two frequency groups. Similarly, based on the comparative analysis of SUCRA values
and MD (95% CI) among the three distinct combinations of exercise intensity and duration, it
became evident that moderate intensity (35~45 minutes) yielded superior intervention effects
compared to the other two combinations. Therefore, engaging in exercise 3 to 4 times per
week, with a moderate exercise intensity and a duration of 35 to 45 minutes, represents a more
optimal, precise, and effective planned exercise volume range.

In general, the more precise the planned exercise volume, the easier the exercise plan is to
follow, making it safer for pregnant and postpartum women and theoretically leading to better
intervention effects. Although there might be differences between the planned and actual exer-
cise volumes, the planned exercise volume ensures standardized measurements within the
experimental group. However, this planned exercise volume doesn’t imply that everyone
needs to engage in the same amount of exercise, as that is not feasible in practice. Considering
the individual differences among pregnant and postpartum women, the actual exercise volume
can be reasonably adjusted within the planned exercise volume range. Therefore, the aim of
this network meta-analysis is to explore the impact of differences in planned exercise volume
on intervention effects, in order to identify a more accurate range of planned exercise volume.
This holds significant implications for shaping future exercise prescription strategies.

This study has several limitations: (1) The study primarily focuses on the inherent charac-
teristics of exercise plans, aiming to explore the sources of heterogeneity. This inclination may
result in a partial analysis of potential sources of heterogeneity. For instance, factors such as
participants’ age, educational level, lifestyle tendencies, exercise adherence, and exercise pref-
erences might also influence the effects of exercise interventions on postpartum depression.
(2) The categorization and discussion of the observed exercise intervention protocols in this
study are based on the researchers’ observation of the shared attributes within the entire exer-
cise plans. However, constrained by the researchers’ individual perceptions and experiential
scope, subjectivity may have influenced the categorization outcomes to some extent.
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5. Conclusions

Thus, taken together, the efficacy of aerobic exercise in preventing and treating postpartum
depression is significant compared to standard care, with a greater emphasis on prevention.
The optimal prescribed exercise volume for intervention comprises a frequency of 3~4 exercise
sessions per week, moderate intensity (35~45 minutes). Currently, several uncharted factors
influence the optimal intervention effect of aerobic exercise, such as the potential enhance-
ment brought by team-based and supervised exercise. Due to the lack of significant differences
in some results and the limitations of the study, the interpretation of the results still needs to
be approached with caution.

Recommendations for future research directions: (1) Future studies should delineate the
disparities in exercise implementation plans and exercise volume between aerobic exercise for
treating postpartum depression and aerobic exercise for preventing it. (2) Design experimental
studies that directly compare the effects of solitary exercise sessions versus exercise sessions
with companions on postpartum depression prevention and treatment outcomes, as well as
compare the impacts of supervised and unsupervised exercise processes on intervention
effects.

Recommendations for the formulation and implementation of exercise guidelines: (1) In
crafting exercise guidelines for pregnant and postpartum women, individualize the recom-
mendations based on each participant’s interests and physical capabilities. During the imple-
mentation phase, document participants’ attendance rates, fatigue levels, and exercise
completion rates. Utilize this information to judiciously adapt exercise plans. (2) During the
treatment process, closely monitor participants’ exercise adherence, not solely the reduction of
PPD symptoms. Given that PPD patients often contend with reduced motivation for physical
activity, sustaining exercise becomes challenging. Ensuring exercise adherence equates to gen-
erating actual treatment efficacy for PPD sufferers.
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