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Introduction
The landscape of PD research encompasses a diverse array of 

clinical trials and therapeutic approaches aimed at understanding and 
mitigating this prevalent mental health condition [1-3]. Recent studies 
highlight both neurobiological mechanisms and innovative treatment 
modalities as critical areas of investigation [4, 5]. One significant 
avenue of research involves exploring neurochemical interventions. 
Donadon et al. [6] conducted a randomized, placebo-controlled trial 
examining the effects of oxytocin on cognitive functions in women with 
postpartum depression (PPD). Their findings underscore the potential 
role of oxytocin in modulating emotional cognition, including facial 
emotion recognition, which is often impaired in PPD [6]. This aligns 
with prior hypotheses suggesting that neuropeptides like oxytocin may 
influence emotional regulation and social cognition in postpartum 
women.

Complementing neurochemical approaches, behavioral and 

integrative therapies are gaining prominence [7]. The RAINBOW trial 
exemplifies this trend by investigating collaborative care interventions 
that combine behavioral therapy with research to improve health 
outcomes in populations with comorbid physical and mental health 
issues, including depression [8]. Such integrated approaches are crucial 
for addressing the multifaceted nature of PD, especially considering its 
frequent coexistence with other health conditions. Emerging evidence 
also points to the potential of microbiome-targeted interventions. 
Toh et al. [9] outlined a protocol for the PROMOTE study, a 
decentralized randomized controlled trial (RCT) assessing the efficacy 
of Bifidobacterium longum NCC3001 in reducing perinatal mood 
symptoms [9]. This probiotic intervention represents a novel; non-
pharmacological strategy aimed at modulating gut-brain axis pathways 
implicated in depression and stress during the perinatal period.

In addition to pharmacological and behavioral therapies, non-
invasive modalities such as acupuncture are being systematically 
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evaluated [10-12]. Yan et al. [13] described a clinical trial protocol 
assessing acupuncture’s safety and efficacy for chronic musculoskeletal 
pain in hemodialysis-dependent patients, which, while not specific 
to PD, exemplifies the expanding scope of alternative therapies in 
managing complex health conditions [13]. Furthermore, the importance 
of understanding underlying biological mechanisms is emphasized by 
Mills-Koonce et al. [14], who focus on the dysregulation of oxytocin 
and the hypothalamic-pituitary-adrenal axis as mediators in maternal 
depression transmission [14]. Such mechanistic insights are vital for 
developing targeted interventions and identifying biomarkers for early 
detection and treatment response.

Research trends also reflect a growing interest in digital and 
behavioral interventions. Roberge et al. [15] propose a RCT to evaluate 
transdiagnostic internet-based cognitive-behavioral therapy tailored 
for postnatal women, aiming to improve accessibility and scalability of 
mental health support [15]. This approach aligns with broader efforts 
to leverage technology for mental health care delivery in the perinatal 
period. Finally, the expanding global research landscape is evidenced 
by the increasing registration of trials related to yoga and mind-body 
practices. Mondal et al. [16] analyzed World Health Organization 
trial registry data, revealing a steady rise in yoga-related clinical trials, 
indicating a growing recognition of holistic and complementary 
therapies in managing perinatal mental health [16].

PD encompasses a range of mood disorders that can occur during 
pregnancy and the postpartum period [17-19]. It is a significant public 
health concern, affecting approximately 10 to 20% of women during 
this critical time. The implications of untreated PD can be profound, 
impacting maternal health, infant development, and family dynamics 
[20-22]. Recent clinical trials have explored various therapeutic 
interventions aimed at alleviating symptoms of PD, providing valuable 
insights into effective treatment strategies. In summary, current 
clinical trial insights into PD encompass neurochemical, behavioral, 
microbiome, and integrative therapies, supported by mechanistic 
research and innovative delivery models [23]. These multifaceted 
approaches reflect a comprehensive effort to improve outcomes for 
women experiencing depression during the perinatal period.

Prevalence and Factors
PD, encompassing both antenatal depression (AND) and PPD, 

is a significant global mental health concern affecting women during 
pregnancy and after childbirth (Table 1) [24]. The prevalence of PD 
varies widely across different regions and populations, influenced by 
socioeconomic, cultural, and healthcare factors (Figure 1) [25]. This 
variability underscores the need for targeted interventions and support 
systems to address the unique challenges faced by women in different 
contexts. The following details provide a detailed overview of the 
prevalence of PD worldwide, drawing on data from various studies.

The study Hahn-Holbrook et al. [25], a systematic review, meta-
analysis, and meta-regression of 291 studies from 56 countries, revealed 
significant insights into the prevalence and predictors of PPD globally. 

The results indicate that PPD is more widespread and variable than 
previously understood, with economic and health factors playing a 
crucial role in national variations. The global pooled prevalence of PPD 
was found to be 17.7% (95% confidence interval (CI): 16.6 to 18.8%) 
based on 291 studies involving 296,284 women. When adjusted for 
recommended Edinburgh postnatal depression scale (EPDS) cutoffs, 
the prevalence was estimated at 21.0% for possible PPD and 16.7% 
for probable PPD. This is notably higher than the widely cited 13% 
prevalence from earlier meta-analyses focusing on developed countries. 
There was significant heterogeneity in PPD prevalence across nations, 
ranging from 3% (2 to 5%) in Singapore to 38% (35 to 41%) in Chile. 
The countries with the highest rates included Chile (38%), South 
Africa (37%), Hong Kong (30%), and Turkey (28%), while the lowest 
rates were observed in Singapore (3%), Nepal (7%), the Netherlands 
(8%), and Switzerland (11%). Wealth inequality, as measured by the 
inequality (GINI) index, was a significant predictor, explaining 41% of 
the cross-national variation in PPD prevalence. Nations with higher 
wealth inequality had higher rates of PPD. The GINI index remained 
statistically significant even when gross domestic product per capita 
was included in the model. Countries where a higher percentage of 
young women worked 40 h or more per week also showed higher PPD 
prevalence, explaining 30.9% of the variance. Together, economic 
predictors (GINI index, gross domestic product per capita, and women 
working ≥40 h per week) accounted for 73.1% of the cross-national 
variation in PPD prevalence.

A systematic review Al-Abri et al. [26] provides a comprehensive 
overview of the prevalence and associated factors of PD, highlighting 
several significant findings. The mean global prevalence of PD was 
found to be 26.3%, with a standard deviation (SD) of 11.6% and 
a median of 23.8%. AND had a mean prevalence of 28.5% (SD = 
18.2%), while PPD had a mean prevalence of 27.6% (SD = 8.0%). The 
effect size for the difference between AND and PPD was small (d = 
0.1). There was a notable difference in mean PD prevalence based on 
the assessment method used. Studies using self-reported measures 
reported a significantly higher mean prevalence (27.4%, SD = 12.6%) 
compared to those using structured interviews (17.0%, SD = 4.5%). 
The majority of included systematic reviews (48.1%) relied solely on 
self-reported measures, 50.0% used both self-reported and diagnostic 
assessments, and only 1.9% used diagnostic assessment alone. PD was 
markedly higher among potentially vulnerable populations, with a 
mean prevalence of 32.5% (SD = 16.7%). Examples of vulnerable groups 
include immigrants, HIV-infected African women, women who gave 
birth prematurely or whose infants had very low birth weight, those 
who abused substances during pregnancy, military personnel, women 
who experienced earthquakes, and pregnant inmates in correctional 
facilities. For instance, pregnant inmates in their last trimester showed 
an 80% prevalence of depression, attributed to lack of satisfactory 
medical care, isolation, stress, anxiety, maternal role transition, 
and parenting worries. The prevalence of PD during the COVID-19 
pandemic, based on three updated systematic reviews, was 28% (SD 
= 6%). The review identified several major correlations (risk factors) 

Country Prevalence (%) Key risk factors identified
Chile [25] 38 Wealth inequality, lack of social support

South Africa [26] 37 HIV infection, socioeconomic adversity
Hong Kong [25] 30 High work hours, marital conflict

Turkey [27] 28 Intimate partner violence, migrant status
Netherlands [25] 8 Strong social support systems
Singapore [25] 3 Low wealth inequality, healthcare access

Table 1: Prevalence of PD by region and risk factors.
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with medium to large significant effect sizes (r > 0.30). These include: 
(i) Personal history of mental illness (such as anxiety and depression; 
r = 0.30 - 0.510, (ii) childcare stress or infant temperament (r = 0.48 
- 0.49 and 0.33 - 0.34, respectively), (iii) stressful life events (r = 0.36 - 
0.40), (iv) Lack of social support (r = 0.37 - 0.45), (v) maternity blues 
(r = 0.35 - 0.37), and (iv) marital conflicts or dissatisfaction (r = 0.37 
- 0.39). Lifetime history of abuse: Including childhood/adult abuse, 
maternal violence, or intimate partner violence, which consistently 
lead to an increased risk. Women experiencing intimate partner 
violence during pregnancy had increased odds of both antenatal (Odds 
ratio (OR): 1.69 to 3.76) and postnatal (Odds ratio (OR): 1.46 to 7.04) 
depression. Chronic medical conditions such as diabetes (Adjusted 
prevalence OR (aPOR) = 1.34), hypertension/heart disease (aPOR = 
1.60), migraine (aPOR = 1.75), and other neurological disorders (aPOR 
= 1.45). Preeclampsia and pre-term deliveries: Increased the severity 

of PD. Exposure to second-hand smoke significantly increased the 
risk (OR = 1.77). Sleep disturbance, a strong predictor of PPD, with 
effect sizes ranging from moderate to very large (0.6 - 1.7). Gestational 
diabetes mellitus reported to significantly increase the risk of PPD 
(RR = 1.32). In summary, the paper highlights that PD is highly 
prevalent globally, with rates varying based on assessment methods 
and population vulnerability. A wide range of psychosocial, medical, 
and lifestyle factors are consistently associated with an increased risk of 
developing PD, underscoring the need for early screening and targeted 
interventions for at-risk groups.

A Stevenson et al. [27] systematic review and meta-analysis on 
perinatal common mental health disorders among migrant women 
revealed significant prevalence rates for various conditions, with 
notable differences observed between forced and economic migrants. 
The pooled prevalence of PD disorders across all migrant women was 

Figure 1: Meta-analytically derived PPD prevalence in 40 countries [25].
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found to be 24.2%. Forced migrants group exhibited a higher pooled 
prevalence of PD disorders at 32.5%. In contrast, economic migrants 
had a lower pooled prevalence of PD disorders at 13.7%. The difference 
in prevalence between forced and economic migrants for depressive 
disorders was statistically significant (p < 0.001). The pooled prevalence 
of perinatal anxiety disorders among all migrant women was 19.6%. 
All migrant women, the overall pooled prevalence of perinatal post-
traumatic stress disorder (PTSD) was 8.9%. Forced migrants showed 
a significantly higher pooled prevalence of perinatal PTSD at 17.1%. 
Approximately one in four pregnant or postpartum migrant women 
experience PD, one in five experience perinatal anxiety, and one in 
eleven experience perinatal PTSD. The burden of perinatal mental 
illness is notably higher among forced migrant women compared to 
economic migrants, particularly for depressive disorders and PTSD. 
These findings underscore the critical need for community-based 
perinatal mental health screening and the provision of culturally 
sensitive interventions for migrant women, especially those who are 
forced migrants. 

While the prevalence of PD is notably high, especially in low-
resource settings and among vulnerable populations, it is important 
to consider the potential underreporting and variability in assessment 
methods across studies [28-30]. The use of different screening tools and 
diagnostic criteria can lead to discrepancies in prevalence estimates. 
Additionally, cultural factors and stigma associated with mental health 
may influence the reporting and diagnosis of PD [31, 32]. Therefore, 
efforts to standardize assessment methods and increase awareness and 
support for mental health in diverse cultural contexts are crucial for 
addressing this global health issue.

Therapeutic Interventions
PD, encompassing both AND and PPD, is a significant mental 

health concern affecting approximately 1 in 7 women globally [33-
35]. Recent clinical trials and therapeutic advances have provided new 
insights into its management, highlighting both pharmacological and 
non-pharmacological strategies. The approval of zuranolone, the first 
oral medication for PPD, marks a significant advancement, although it 
raises concerns about accessibility and socioeconomic disparities [36-
38]. Meanwhile, system-level interventions and psychotherapy continue 
to play crucial roles in treatment. Recent studies have investigated a 
variety of therapeutic approaches to manage PD (Table 2), including 
pharmacological treatments, psychotherapy, and alternative therapies.

Pharmacological approaches

One notable clinical trial examined the use of intraoperative 
ketamine as a potential intervention for PPD symptoms following 
cesarean delivery [43]. The study hypothesized that ketamine, known 
for its rapid antidepressant effects, could significantly reduce depressive 
symptoms in the postpartum period. The results indicated a promising 
avenue for further research into ketamine’s role in perinatal mental 
health [43]. Another pharmacological approach involved omega-3 
polyunsaturated fatty acid (n-3 PUFA) supplementation. A systematic 

review and meta-analysis of RCTs assessed the efficacy of n-3 PUFA in 
preventing and treating PD. Despite the inclusion of multiple studies, 
the findings revealed no statistically significant difference in depression 
scores between the n-3 PUFA and placebo groups, suggesting that 
while n-3 PUFA may have other health benefits, its role in PD remains 
inconclusive [44].

The Food and Drug Administration (FDA) approval of zuranolone 
offers a new oral treatment option for PPD, potentially improving 
accessibility compared to the intravenous brexanolone [45-47]. 
However, its high cost and insurance coverage uncertainties may 
exacerbate socioeconomic disparities in treatment access [40]. Both 
zuranolone and brexanolone mimic allopregnanolone, a neuroactive 
steroid that modulates GABAergic signaling, suggesting a role for 
excitation-inhibition imbalance in PPD [40]. Studies indicate that 
brexanolone may also exert effects through reducing inflammatory 
mediators like TNF-α and IL-6, linking inflammation to PPD [40].

Traditional antidepressants

•	 Selective serotonin reuptake inhibitors and serotonin/
norepinephrine reuptake inhibitors: These remain the mainstay of 
pharmacological treatment for PD. They are generally considered safe, 
with most studies not showing increased risks of teratogenicity or 
neonatal complications [41, 48].

•	 Tricyclic antidepressants and bupropion: These are also 
used, though less frequently, due to concerns about side effects and 
safety profiles during pregnancy [41, 48].

Novel pharmacological agents

•	 Brexanolone and esketamine: These new medications 
represent a shift in treatment paradigms. Brexanolone, an intravenous 
formulation, and esketamine, a nasal spray, act on GABA and glutamate 
receptors, respectively, offering rapid relief from severe depression 
symptoms. However, their effects diminish after 30 days, necessitating 
combination with selective serotonin reuptake inhibitors for sustained 
efficacy [40, 42].

•	 Zuranolone: Recently approved by the FDA, zuranolone is the 
first oral medication specifically for PPD. It mimics allopregnanolone, 
a neuroactive steroid, and has shown significant improvement in 
depressive symptoms in clinical trials [40].

Psychotherapeutic interventions

Mindfulness-based interventions have gained traction in recent 
years. A RCT evaluated the effectiveness of smartphone-based 
mindfulness training on maternal PD. The results demonstrated 
significant improvements in depression and anxiety symptoms among 
participants who engaged in mindfulness training compared to those in 
a control group. This suggests that digital mental health interventions 
may offer accessible and effective support for at-risk populations [49]. 

Interpersonal psychotherapy (IPT) has also been explored as a 

Treatment Efficacy (SUCRA ranking*) Key benefits Limitations
Estradiol [39] 94.3% Significant symptom reduction Limited long-term safety data

Brexanolone [40] 58.8% Rapid action (within 48 h) IV administration, high cost
Zuranolone [40] 58.8% Oral administration, FDA-approved Cost, insurance coverage barriers

SSRIs (e.g., Sertraline) [41] 64.3% Well-tolerated, established safety Delayed onset (2 to 4 weeks)
Esketamine [42] N/A Rapid relief, nasal spray format Short-lived effects, requires adjuncts
Ketamine [43] N/A Non-pharmacological, safe for pregnancy Inconclusive efficacy for PD

Table 2: Efficacy and tolerability of pharmacological treatments for PD.
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treatment for PD. A qualitative study investigated the mechanisms 
through which brief IPT alleviates depressive symptoms. Participants 
reported decreased interpersonal stress and improved emotional 
processing, highlighting the importance of therapeutic relationships 
in enhancing treatment outcomes [50]. IPT, particularly the brief 
MomCare program, has shown efficacy in reducing depressive 
symptoms during pregnancy, with significant improvements noted 
in clinical trials [51]. This therapy focuses on reducing interpersonal 
conflicts and enhancing social support. 

Non-invasive treatments (such as repetitive transcranial magnetic 
stimulation and acupuncture) have shown promise in the general 
population and are being explored for PD. They can be used alongside 
pharmacotherapy to enhance treatment outcomes without the side 
effects associated with medications [42]. Vitamin D and mindfulness-
based cognitive therapy, these integrative approaches are gaining 
attention for their potential benefits in managing PD, offering additional 
options for those seeking non-pharmacological interventions [42].

Alternative therapies

The role of probiotics in managing perinatal mood disorders has 
been investigated in the PROMOTE study, which aimed to assess the 
effects of B. longum NCC3001 on mood outcomes in pregnant and 
lactating women. This decentralized RCT sought to determine whether 
the probiotic could reduce symptoms of depression and anxiety 
during the perinatal period. While results are still pending, the study 
exemplifies innovative approaches to addressing perinatal mental 
health [9].

System-level interventions such as the MCPAP for Moms and 
the PRogram in Support of Moms (PRISM) have demonstrated 
effectiveness in reducing depression symptoms. These programs 
integrate mental health care into obstetric settings, though challenges 
remain in treatment initiation and sustainment [52]. Counseling has 
been effective in preventing PD, particularly among high-risk groups, 
though more robust evidence is needed for broader application [53]. This 
systematic review identified 50 studies that met the inclusion criteria, 
involving a total of 22,385 participants. Counseling interventions were 
the most frequently studied type of intervention. Compared to control 
groups, they were associated with a lower likelihood of PD onset. The 
pooled risk ratio (RR) was 0.61 (95% CI: 0.47 to 0.78). This finding was 
based on 17 randomized clinical trials with 3,094 participants, and an I2 
of 39.0%. The absolute difference in the risk of PD ranged from a 1.3% 
greater reduction in the control group to a 31.8% greater reduction 
in the intervention group. Health system interventions demonstrated 
a benefit in 3 studies involving 5,321 participants. The pooled effect 
size was similar to that of counseling interventions, with a restricted 
maximum likelihood RR of 0.58 (95% CI: 0.22 to 1.53). However, the 
pooled effect was not statistically significant when using a method 
appropriate for a small number of studies, and the I2 was 66.3%. The 
absolute risk reduction for health system interventions ranged from 
-3.1% to -13.1%. No harms were directly reported for behavior-
based interventions. In one very small randomized clinical trial (22 
participants analyzed), a smaller percentage of participants prescribed 
sertraline experienced depression recurrence (7%) compared to 
those given a placebo (50%) at 20 weeks postpartum (p = 0.04). This 
benefit came with an increased risk of adverse effects for the mother. 
In summary, counseling interventions showed clear effectiveness in 
preventing PD, particularly in women at increased risk. While health 
system interventions also showed some benefit, the evidence base was 
less robust. Other intervention approaches, including antidepressants, 

provided some evidence of effectiveness but required further research 
due to limitations such as small sample sizes or reported harm.

In conclusion, while therapeutic advances and clinical trials 
have expanded the treatment landscape for PD, addressing 
socioeconomic and systemic barriers remains crucial. The integration 
of pharmacological and non-pharmacological therapies, alongside 
system-level interventions, offers a comprehensive approach to 
managing this prevalent condition. However, ongoing research is 
essential to refine these strategies and ensure equitable access to care 
for all affected individuals.

Clinical Studies
PD treatment clinical trials have explored a variety of interventions, 

both pharmacological (Figure 2) and nonpharmacological, to address 
this prevalent condition. The research highlights the effectiveness of 
several therapeutic strategies, including cognitive-behavioral therapy, 
IPT, and pharmacological treatments such as selective serotonin 
reuptake inhibitors [54-56]. These interventions aim to mitigate the 
adverse effects of PD on both mothers and their children.

Byatt et al. [57] the MCPAP for Moms and the PRISM interventions 
were found to be equally effective in improving depression symptoms 
among women with PD. Participants in practices allocated to MCPAP 
for Moms experienced a decrease in EPDS scores by 4.2 (SD 5.2) 
from baseline to 11 to 13 months postpartum, which was statistically 
significant (p < 0.0001). Participants in PRISM practices also showed 
a decrease in EPDS scores by 4.3 (SD 4.5) over the same period, which 
was also statistically significant (p < 0.0001). There was no statistically 
significant difference in the change in EPDS scores between the two 
groups. The estimated difference between MCPAP for Moms and 
PRISM groups was 0.1 (95% CI: 1.2 to 1.4), with a p-value of 0.87. 
This indicates that neither intervention was superior to the other in 
reducing depression symptoms. The observed 4-point decrease in 
EPDS score in both groups is considered clinically significant. Despite 
similar effectiveness, MCPAP for Moms is noted to have a lower 
intensity and greater population-based reach compared to PRISM. In 
summary, the study concluded that both system-level interventions 
effectively reduced PD symptoms to a clinically significant degree, 
with no significant difference in outcomes between the more intensive 
PRISM and the broader-reaching MCPAP for Moms program.

A Pettman et al. [55] systematic review (CRD42020152254) 
included a total of 31 studies, encompassing 5291 participants. For the 
meta-analysis, 26 studies were included, involving 4658 participants. 
CBT-based interventions showed a medium overall effect size (Hedges’ 
g = -0.53 (95% CI: -0.65 to -0.40)) on symptoms of depression, though 
with high heterogeneity. Significant effects were also observed for 
anxiety, individual stress, and perceived social support. However, it 
is noted that few studies have examined these secondary outcomes. 
Subgroup analysis revealed that the type of control, type of CBT, and 
type of health professional were significant moderators of the main 
effect (symptoms of depression). The majority of the studies included 
presented some concerns regarding the risk of bias, with one study 
having a high risk of bias. The authors concluded that the results should 
be interpreted with caution due to high levels of heterogeneity and the 
low quality of included studies. In summary, CBT-based interventions 
appear effective for PD and some secondary outcomes, but the findings 
are tempered by high heterogeneity and quality concerns in the 
included studies, highlighting areas for future research improvement.

A Zhang et al. [39] systematic review and network meta-analysis 
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evaluated the efficacy and tolerability of various pharmacotherapies 
for PPD. The study included 11 trials with 944 participants, 
examining nine different antidepressants. Only estradiol and 
brexanolone demonstrated significantly higher efficacy compared 
to placebo in reducing PPD symptoms, as measured by changes in 
the Hamilton Depression Rating Scale (HAMD-17) score. While 
all active antidepressant drugs were generally superior to placebo 
in reducing depression, statistical significance was only found for 
estradiol and brexanolone. Based on the surface under the cumulative 
ranking curve (SUCRA), estradiol showed the highest probability 
(94.3%) of being the most effective in reducing PPD, followed by 
paroxetine (64.3%) and zuranolone (58.8%). Although no significant 
differences were found between active antidepressants and placebo 
regarding remission or responder rates, SUCRA ranking suggested 
that nortriptyline, sertraline, and paroxetine had higher remission 
rates. Nortriptyline also had the greatest likelihood of ranking first 
for responder rate. Brexanolone was found to be less well-tolerated 
than most other antidepressants, showing a higher percentage of 
early dropouts compared to other treatments. Conversely, two SSRIs, 
fluoxetine and sertraline, were better tolerated. The study did not find 
any antidepressant medication to be significantly inferior to placebo in 
terms of early dropouts. Due to limited detailed data on common and 
serious side effects, a comprehensive pooling of this information was 
not feasible. In summary, while several antidepressants show promise 
for PPD, estradiol and brexanolone demonstrated significant efficacy 
over placebo. Estradiol, paroxetine, and zuranolone were identified 
as the top three in terms of overall efficacy. However, brexanolone 
exhibited lower tolerability compared to other antidepressants. The 
study highlights the need for more detailed data on side effects and 
acknowledges limitations due to moderate heterogeneity and the age 
of some included trials.

A Waqas et al. [58] systematic review and meta-regression analysis 
provides comprehensive insights into the effectiveness of CBT for PD, 
highlighting various intervention and participant-level characteristics 
that influence outcomes. CBT-based interventions demonstrated a 
strong effect size in alleviating depressive symptoms among individuals 
with PD, with a standardized mean difference (SMD) of -0.74 (95% CI: 
-0.91 to -0.56, n = 9,722). This indicates a significant positive impact 
on depressive symptoms. There was substantial heterogeneity in effect 
sizes across studies (I2 = 92.65%, p < 0.001). Evidence of publication bias 
was also observed, though sensitivity analyses did not reveal significant 
changes after removing outliers. CBT interventions were found to 
be effective across different delivery formats, including individual, 
group, and electronic (online) methods. This flexibility enhances the 
utility of CBT approaches in various settings. Interventions delivered 
electronically yielded strong effect sizes (SMD = -1.12, 95% CI: -1.80 
to -0.63, n = 1,218). Interventions delivered individually also showed 
strong effect sizes (SMD = -0.63, 95% CI: -0.81 to -0.44, n = 3,589). 
Interventions delivered among groups similarly yielded strong effect 
sizes (SMD = -0.67, 95% CI: -0.96 to -0.38, n = 4,915). Treatment 
interventions for PND showed significantly higher effect sizes (SMD = 
-0.94) compared to preventive ones (SMD = -0.36). CBT interventions 
could be delivered effectively by both specialists and non-specialists. 
While interventions delivered electronically and by specialists had 
slightly higher effect sizes, this difference was not statistically significant.

Impact of PD on Infant and Child Development
PD has far-reaching consequences that extend beyond maternal 

health, significantly influencing infants and child development [59, 
60]. Research indicates that maternal depression during pregnancy can 
alter fetal neurodevelopment through mechanisms such as increased 
cortisol exposure and placental dysfunction [61]. These biological 

Figure 2: Details of RCTs in literature for PD [39].
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changes may predispose infants to heightened stress reactivity and 
emotional dysregulation, observable as early as the neonatal period. 
For example, infants of depressed mothers often exhibit poorer self-
regulation, reduced attention spans, and atypical brain activity patterns, 
particularly in regions associated with emotional processing [62, 
63]. Such findings underscore the importance of early identification 
and intervention to mitigate potential long-term effects on child 
development.

The impact of PD on infant attachment and bonding is another 
critical concern. Depressed mothers may struggle with responsive 
caregiving due to fatigue, emotional withdrawal, or intrusive parenting 
behaviors, which can disrupt the formation of secure attachments [64-
66]. Studies show that insecure attachment in infancy is linked to later 
social and emotional difficulties, including increased risk of anxiety, 
aggression, and peer relationship problems [67, 68]. Furthermore, 
infants of mothers with PD are more likely to exhibit less positive affect 
and reduced engagement during social interactions, which may hinder 
their ability to form healthy relationships [69, 70]. These early relational 
challenges highlight the need for interventions that support maternal 
mental health and promote positive parent-infant interactions.

Cognitive and language development are also vulnerable to the 
effects of PD. Children exposed to maternal depression during the 
perinatal period often demonstrate delays in language acquisition, 
poorer executive functioning, and lower academic achievement 
[71, 72]. These outcomes may stem from reduced maternal verbal 
engagement, inconsistent stimulation, or chaotic home environments 
associated with untreated PD. Longitudinal studies reveal that the 
cognitive effects of PD can persist into adolescence, emphasizing the 
importance of addressing maternal depression early to foster optimal 
developmental trajectories [73-75]. Interventions such as parent-
child interaction therapy and early enrichment programs have shown 
promise in buffering these adverse effects.

Behavioral and emotional problems in childhood are strongly 
associated with PD exposure. Children of depressed mothers are at 
higher risk for internalizing symptoms (e.g., depression, anxiety) 
and externalizing behaviors (e.g., hyperactivity, conduct problems) 
[76, 77]. These outcomes may arise from a combination of genetic 
predisposition, altered stress response systems, and environmental 
factors such as marital conflict or socioeconomic adversity. Notably, 
the severity and chronicity of maternal depression correlate with the 
degree of child psychopathology, suggesting that timely and effective 
treatment of PD could reduce the intergenerational transmission of 
mental health disorders [78-80].

Addressing the developmental consequences of PD requires a 
multifaceted approach. Integrating mental health support into pediatric 
and obstetric care, such as routine screening for maternal depression 
and referrals to evidence-based interventions, is essential [81, 82]. 
Programs that enhance maternal sensitivity, such as attachment-
based therapies or home-visiting initiatives, can mitigate the negative 
effects of PD on child development. Additionally, public health efforts 
should focus on raising awareness of the long-term risks associated 
with PD and advocating for policies that support families [83, 84]. 
By prioritizing maternal mental health, society can foster healthier 
developmental outcomes for future generations.

Policy and Public Health Implications
PD represents a significant public health challenge that demands 

systemic policy changes to improve maternal and child outcomes. 

Current healthcare systems often fail to integrate mental health care 
into routine perinatal services, leaving many women undiagnosed 
and untreated [85]. Policymakers must prioritize universal screening 
for PD during prenatal and postnatal visits, coupled with streamlined 
referral pathways to mental health specialists. Successful models, such 
as the MCPAP for Moms, demonstrate how coordinated care can 
bridge gaps between obstetrics and mental health services [86, 87]. 
By adopting such frameworks globally, healthcare systems can ensure 
timely interventions and reduce the long-term societal costs associated 
with untreated PD, including increased healthcare utilization and 
intergenerational mental health disparities.

Socioeconomic and structural barriers further exacerbate 
inequities in PD care, particularly for marginalized populations [88, 
89]. Women in low-resource settings, racial and ethnic minorities, 
and those with limited health literacy often face disproportionate 
challenges in accessing evidence-based treatments. Public health 
initiatives must address these disparities by expanding Medicaid 
coverage for mental health services, subsidizing innovative therapies 
like zuranolone for low-income families, and training community 
health workers to deliver culturally sensitive care. Telehealth platforms 
and mobile health interventions can also play a pivotal role in reaching 
underserved communities, but their success depends on investments 
in digital infrastructure and literacy programs. Policies that target 
social determinants of health-such as paid parental leave, affordable 
childcare, and housing stability-can further mitigate risk factors for PD 
and promote equitable access to care [88, 89].

Raising public awareness and reducing stigma around perinatal 
mental health are critical to fostering early help-seeking behaviors. 
National campaigns, akin to those for postpartum physical health, 
should highlight the prevalence and treatability of PD while 
normalizing conversations about maternal mental health [90, 91]. 
Schools, workplaces, and community organizations can serve as allies 
by providing education and resources to expectant and new mothers 
[92, 93]. Internationally, collaboration between governments, NGOs, 
and researchers is needed to adapt evidence-based interventions to 
diverse cultural contexts and scale promising programs. By treating 
PD as a public health priority one that intersects with gender equity, 
economic stability, and child development policymakers can create 
lasting change that benefits generations to come.

Challenges and Future Directions
Despite significant advancements in understanding and treating 

PD, several challenges persist. One major issue is the underdiagnosis 
and undertreatment of PD, particularly in low-resource settings 
and among vulnerable populations [94]. Stigma, lack of awareness, 
and limited access to mental health services often prevent women 
from seeking or receiving timely care [95]. Additionally, cultural 
differences in the perception of mental health can influence reporting 
and diagnosis, highlighting the need for culturally sensitive screening 
tools and interventions [96]. Addressing these barriers requires global 
efforts to improve mental health literacy and integrate PD screening 
into routine perinatal care.

Another challenge lies in the complexity of comorbid conditions, 
such as chronic pain or anxiety, which can complicate PD treatment 
[97]. Research indicates that women with comorbid conditions may 
experience diminished responses to standard therapies, underscoring 
the importance of integrated care models. Future studies should focus 
on personalized treatment plans that address both mental and physical 
health, leveraging multidisciplinary approaches to improve outcomes 
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[98]. For example, combining pharmacotherapy with behavioral 
interventions or alternative therapies like acupuncture could offer 
more comprehensive relief for affected women.

The socioeconomic disparities in access to innovative treatments, 
such as zuranolone or brexanolone, further exacerbate inequities in 
PD care. High costs and insurance coverage limitations restrict these 
therapies to privileged populations, leaving many women without 
viable options [99]. Policymakers and healthcare systems must 
prioritize affordability and accessibility to ensure that cutting-edge 
treatments reach all who need them. Concurrently, research into 
cost-effective interventions, such as digital mental health platforms or 
community-based programs, could help bridge this gap and expand 
care to underserved communities.

The COVID-19 pandemic has underscored the need for flexible 
and scalable treatment modalities. Telehealth and digital interventions, 
such as internet-based CBT, have shown promise in improving 
accessibility and engagement [100]. However, challenges like digital 
literacy and internet access remain, particularly in rural or low-income 
areas. Future directions should include optimizing these technologies 
for broader usability and evaluating their long-term efficacy in diverse 
populations. Moreover, leveraging mobile health apps for real-
time monitoring and support could enhance early intervention and 
adherence to treatment [101].

Longitudinal research is critical to understanding the enduring 
effects of PD on maternal and child health. Studies like the Mood, 
Mother and Child project highlight the importance of tracking 
psychobiological risk factors and resilience across developmental stages 
[14]. Future research should also explore the role of biomarkers, such 
as inflammatory markers or neuropeptides, in predicting treatment 
response and disease progression. By identifying these mechanisms, 
researchers can develop targeted therapies and improve early detection 
strategies.

In summary, while progress has been made in PD research 
and treatment, addressing these challenges requires a multifaceted 
approach. Collaborative efforts among researchers, clinicians, 
policymakers, and communities are essential to advancing equitable 
care. Future directions should emphasize personalized medicine, 
innovative delivery models, and sustained investment in mental health 
infrastructure. By tackling these priorities, the field can move closer to 
mitigating the profound impact of PD on families worldwide.

Conclusions
PD remains a pressing global health issue with far-reaching 

implications for maternal well-being, infant development, and family 
dynamics. The advancements in research and treatment—ranging 
from novel pharmacological agents like zuranolone to innovative 
psychotherapeutic and digital interventions-have expanded the toolkit 
for addressing this condition. However, significant challenges persist, 
including disparities in access to care, underdiagnosis in vulnerable 
populations, and the need for culturally sensitive approaches. The 
integration of mental health services into routine perinatal care, 
alongside policies that address socioeconomic barriers, is essential to 
ensure equitable and effective treatment for all women.

Looking ahead, the future of PD management lies in personalized 
and multidisciplinary strategies that combine biological, psychological, 
and social interventions. Continued investment in longitudinal 
research, biomarker discovery, and scalable delivery models-such as 
telehealth and community-based programs-will be critical to refining 

these approaches. By fostering collaboration among researchers, 
clinicians, policymakers, and communities, society can mitigate the 
intergenerational impact of PD and promote healthier outcomes 
for mothers and their children. The journey toward comprehensive 
perinatal mental health care is ongoing, but with sustained commitment, 
meaningful progress is within reach.
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