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ABSTRACT 

Introduction: Serum vitamin D (25(OH)D) concentration has been associated with 

PPD in previous studies. However, whether there is a dose-response relationship and 

if its supplementation during pregnancy can improve symptoms after delivery remains 

unclear. 

Methods: Five databases were searched on September 27, 2025. Cohort studies 

were included for dose-response meta-analysis (DRMA), while randomized controlled 

trials (RCTs) were included for meta-analysis (MA) of supplementation. The outcome 

for MA of supplementation was postpartum Edinburgh Postnatal Depression Scale 

(EPDS) score using the effect measure of mean difference (MD), while the outcome 

for DRMA was the odds ratio (OR) of PPD after delivery. Certainty was assessed using 

GRADE for MA of supplementation. 

Results: Only two prospective cohort studies were included for DRMA and two RCTs 

were included for MA of supplementation. There was a significant log linear dose-

response relationship between 25(OH)D serum concentration and developing PPD 
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with β = -0.0256 (95% CI = -0.0454 to -0.0057). Every 10 nmol/L increase was 

associated with OR = 0.77 (95% CI = 0.63 to 0.94). Meta-analysis found a significant 

reduction in EPDS scores at 4 weeks after delivery (MD = -2.70; 95% CI = -3.68 to -

1.71; low certainty). 

Conclusion: Vitamin D serum concentration during pregnancy might be log linearly 

associated with developing PPD after delivery and its supplementation during 

pregnancy may improve PPD symptoms at 4 weeks postpartum. However, findings 

should be interpreted cautiously as evidence is limited to the small number of studies. 

Keywords: Maternal health, Postpartum depression, Vitamin D. 

 

INTRODUCTION 

Postpartum depression (PPD) is a depressive episode that starts during pregnancy or 

within the first four weeks of birth.1 This condition has a high prevalence and 

represents a significant burden for mothers. A meta-analysis of 565 studies conducted 

between January 2000 to July 2021 found a pooled global prevalence of 17.22% 

among pregnant populations with significantly lower prevalence in high income 

countries (15.54%) compared to upper-middle (19.68%), lower-middle (20.14%), and 

low income (20.02%) countries.2 This is particularly concerning as PPD is associated 

with poorer maternal and infant outcomes, including poorer maternal-infant bonding, 

reduced early breastfeeding initiation, reduced exclusive breastfeeding, and impaired 

offspring cognitive function.3,4,5 

Vitamin D has been increasingly linked to depressive symptoms. Several studies have 

suggested that this association may be mediated by the widespread expression of 

vitamin D receptors (VDR) in brain regions implicated in depression, as well as their 

role in modulating neurotrophic factors. Vitamin D receptors are expressed in the 

prefrontal cortex, hippocampus, and the substantia nigra. In the substantia nigra, it 

has been reported that higher VDR expression (indicating vitamin D deficiency) could 

delay dopamine cell differentiation, thus leading to dopamine mediated behavioural 

deficits such as depression. On the other hand, neurotrophic agents are crucial for the 

survival and growth of neurons, which may have implications for maintaining optimal 

functions in the brain regions involved in depression pathogenesis.6 

This link is not merely mechanistic and has been observed clinically. Systematic 

reviews and meta-analyses of observational studies have reported that vitamin D 

serum levels were lower across diverse depressed populations compared to their 
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respective non depressed controls.7,8 Similar findings have been reported in studies 

comparing antenatal and postnatal women with depression and without depression.9,10  

However, existing observational studies investigating the association of vitamin D 

levels during pregnancy and PPD had varying baseline vitamin D concentrations. 

Although an association has been identified, it remains unclear whether a dose-

response relationship exists. Furthermore, while vitamin D supplementation during 

pregnancy has been proposed as a potential intervention, a systematic synthesis of 

the available evidence is lacking. To address this knowledge gap, we conducted a 

systematic review and meta-analysis to evaluate the dose-response association of 

serum vitamin D concentration [25(OH)D] during pregnancy with developing PPD after 

delivery, as well as to assess the effect of vitamin D supplementation on PPD 

symptoms after delivery. 

 

METHOD 

Design and registration  

This systematic review and meta-analysis adhered to the recommendations from 

PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses).11 

This review was registered with the International Prospective Register of Systematic 

Reviews (PROSPERO) on October 8, 2025, under the registration number 

CRD420251163808. 

 

Search strategy 

A systematic search was conducted in the Cochrane Central Register of Controlled 

Trials (CENTRAL), PubMed, Scopus, Proquest, and Epistemonikos to identify relevant 

studies. To ensure a comprehensive retrieval of literature, supplementary search 

methods were employed, including backward citation searching and handsearching of 

preprint servers and databases such as ScienceDirect and Google Scholar. No 

restrictions were placed on language or publication date. Keywords used in the search 

included combinations of ("Vitamin D" OR "25-hydroxyvitamin D" OR "Cholecalciferol") 

AND ("Postpartum Depression" OR "Postnatal Depression") AND ("Pregnancy" OR 

"Antenatal"). The full search strategy used for each database is found in the 

supplementary file (S2). Last database search was conducted on 2 October, 2025. 
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Eligibility criteria 

Studies were selected based on eligibility criteria defined using the Population, 

Intervention/Exposure, Comparator, Outcomes, and Study Design (PICOS) 

framework.11 The population was pregnant women, regardless of trimester. For the 

dose-response analysis, the exposure was serum 25(OH)D during pregnancy, 

compared against a reference concentration, with the outcome being the odds ratio 

(OR) for developing PPD. Studies that did not report OR for at least three categorical 

levels were excluded. For the interventional analysis, the intervention consisted of 

vitamin D supplementation initiated during pregnancy, compared to a placebo or usual 

care, with the primary outcome being postpartum depression scores. Prospective 

cohort studies were included for the dose-response analysis, whilst only randomised 

controlled trials (RCTs) were eligible for the interventional analysis. Vitamin D 

supplementation combined with other nutrients (e.g. broad-spectrum micronutrient 

supplementation) was excluded. Translations were carried out for studies reported in 

languages other than English. No limitation on the time of publication was applied. 

 

Screening and selection 

Screening started on 3 October, 2025. Records were retrieved in citation format from 

each database and uploaded to Rayyan.ai, a web-based screening and selection 

software for systematic reviews.12 Automatic identification of the duplicates was 

followed by manual selection to eliminate them. Subsequently, two authors (S.N., 

W.J.T) independently screened the titles and abstracts of the remaining records to 

identify potentially relevant articles. The full texts of these articles were then retrieved 

and assessed for final inclusion based on the predefined eligibility criteria. Any 

disagreements between the two reviewers at any stage of the screening process were 

resolved through discussion and consensus, with the involvement of a third author if 

necessary (G.N.U). 

 

Quality Appraisal 

Two reviewers independently assessed the methodological quality and risk of bias for 

the included studies. The Cochrane Risk-of-Bias 2 (RoB-2) tool was used for the 

RCTs, while the Risk of Bias In Non-randomised Studies - of Exposures (ROBINS-E) 

tool was utilised for the prospective cohort studies. Two authors conducted the 
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appraisal, and any discrepancies in the assessment were resolved through a 

consensus-based discussion involving a third author. 

 

Data extraction 

Mean and SDs of postpartum depressive scores were extracted for pairwise meta-

analysis. Meanwhile, the sample size and cases of PPD, along with the OR, were 

extracted for dose-response meta-analysis. Detailed explanations on data extraction 

for dose-response meta-analysis (DRMA) are provided in the statistical analysis 

subsection. One author conducted all data extraction, and a second author confirmed 

it. If conflicts were found, then a discussion involving a third author was conducted 

until a consensus was reached. 

 

Statistical analysis 

Pairwise meta-analysis of interventions was conducted using the “meta” package in 

R. The effect measures of mean difference (MD) were used for the continuous 

outcome of postpartum depressive score. A 95% confidence interval was applied. Both 

fixed- and random-effects models are conducted, but interpretation would focus 

towards the random-effects model in case of heterogeneity (I2 >25% or Cochran’s Q 

test P <0.1).13 Subgroup analysis, sensitivity analyses, and meta-regression were 

planned to investigate heterogeneity, but included studies were not adequate. 

Publication bias was planned to be assessed with funnel plot inspection and Egger’s 

test, but the number of studies were not adequate (<10). 

Dose-response meta-analysis was conducted using the “dosresmeta” package in R. 

The number of cases and samples, along with the odds ratio (OR) and 95% CIs for at 

least three quantitative categories of vitamin D concentration, were required from a 

study. Odds ratios with adjustment for the most covariates were used from each study. 

However, if a study does not report an adjusted OR, then the unadjusted OR was 

used. Similarly, if no OR were reported, then the authors would calculate the OR using 

the reported data without adjusting for covariates. To obtain the vitamin D 

concentration in quantitative categories, the reported median circulating vitamin D 

concentration in each category was used. If medians were not reported, means were 

used. If neither the median nor the mean vitamin D concentration per category was 

reported, the midpoint of the upper and lower boundaries in each category was used 

to estimate median exposure level. If the upper boundary for the highest category was 
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open-ended, the value of the open-ended interval was assumed to be 1.5 times that 

of the closest category. If a study used a unit other than nmol/L of vitamin D, we 

converted the unit to nmol/L.14 A potential non-linear dose-response relationship 

between serum 25(OH)D (nmol/L) and PPD was modelled by using restricted cubic 

splines with 3 knots at fixed percentiles (20%, 60%, and 80%). If there was no 

significant evidence of non-linear relationship, then a linear meta-regression approach 

was used to model log OR to 25(OH)D. The reference value of 50 nmol/L was selected 

as it is the commonly used threshold for deficiency (<50 nmol/L), thereby providing a 

clinically meaningful comparator.15 

 

Certainty of Evidence Assessment 

An evidence assessment was conducted to determine the efficacy of vitamin D 

supplementation during pregnancy in reducing postpartum depressive symptoms, 

aiming to evaluate whether the meta-analysis would reflect the true effect in the real 

world. The assessment was conducted using the GRADE (Grading of 

Recommendations, Assessment, Development, and Evaluation) minimally 

contextualised approach for a non-null effect.13 Assessment was conducted by two 

authors independently, and then conflicts were resolved through a discussion involving 

a third author. 

 

RESULTS 

Study Selection 

The systematic literature search identified 1368 articles, with contributions from the 

following databases: Scopus = 845, PubMed = 155, Cochrane Library = 58, ProQuest 

= 200, and Epistemonikos = 110. After removing duplicates, 1024 articles remained 

for the initial screening. Titles and abstracts were reviewed, resulting in the exclusion 

of 991 articles and the remaining 33 full-text articles were sought after. However, three 

articles could not be retrieved. Subsequently, 30 full-text articles were assessed for 

eligibility. Of these, five studies were excluded for the following reasons: incorrect 

study design (n = 7), inappropriate time frame (n = 3), wrong outcome (n = 3), wrong 

population (n = 3), and inadequate data for meta-analysis (n = 4). Ultimately, four 

studies from four articles met the selection criteria. Two prospective cohort studies 

were included for DRMA and two RCTs were included for MA of supplementation. The 

flow chart can be seen in the provided supplementary file (S1). 
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Characteristics of Studies 

The two cohort studies included were prospective. Gur et al 2014 measured vitamin 

D at 24-28 weeks of pregnancy and used a score of ≥12 on the EPDS at 6 months 

postpartum as the cutoff definition for PPD. The study did not report any adjusted ORs; 

thus, the authors calculated the OR without adjusting for covariates. They reported 

adjusted ORs (Table 1). 

Table 1. Characteristics of included cohort studies for dose-response meta-analysis. 

Author, 

year Country 

Time of 

Vitamin D 

Measurement 

PPD 

Definition 

Time of PPD 

Assessment Adjusted Covariates 

Gur, 

201417 Turkey 

24-28 weeks of 

pregnancy EPDS ≥12 

6 months 

postpartum None 

Robinson, 

201418 Australia 

18 weeks of 

pregnancy 

6+ 

symptoms 

on the 

EPDS 

3 days 

postpartum 

Pre-pregnancy body mass index, 

maternal age, maternal education, 

total family income, maternal 

smoking, maternal alcohol intake, 

hypertensive diseases of pregnancy, 

proportion of optimal birth weight, 

child gender, SCN admission and 

season of birth; Perth, Western 

Australia 1989–1992 

 

 

Both RCTs included were single-centre studies in Iran. Both also used the same 

vitamin D supplementation dose, which is 2,000 IU from 26-28 weeks pregnancy until 

delivery. Both RCTs had a key exclusion criterion of EPDS baseline >13. Thus, only 

including those without a high risk of PPD during pregnancy (Table 2). 

 

Table 2. Characteristics of included randomised controlled trials for meta-analysis. 

Author, 

year 

Single/

Multi 

Centre 

Country 
Sample 

Size (I/C) 

Key 

Exclusion 

Criteria 

Age 

(I/C)* 

Baseline 

EPDS 

(I/C)* 

Vitamin D 

Dose 

Control 

Group 

PPD Scale 

(time 

frame) 

Vaziri, 

201619 

Single 

center 
Iran 75/78 

EPDS 

baseline 

scores of 

>13 

26.40 ± 

4.88 / 

26.22 ± 

4.33 

8.44 ± 

3.89 / 

8.64 ± 

3.81 

2,000 IU 

from 26-28 

weeks until 

delivery 

Placebo 

EPDS (4 

week 

postpartu

m) 
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Dabbagh

manesh, 

201920 

Single 

center 
Iran 46/52 

EPDS 

baseline 

scores of 

>13 

26.04 ± 

5.07 / 

26.61 ± 

4.01 

8.52 ± 

3.61 / 

8.00 ± 

3.69 

2,000 IU 

from 26-28 

weeks until 

delivery 

Placebo 

EPDS (4 

week 

postpartu

m) 

*Data are presented as mean ± standard deviation 

Abbreviations: I, intervention group; C, control group; EPDS, Edinburgh Postpartum Depression Scale 

 

Risk of Bias 

For both cohort studies, risk of bias assessment was performed using the ROBINS-E 

instrument. The study by Gur et al. (2014) was rated as having an overall level of 

‘Some Concerns’. Although this study had good exposure and outcome 

measurements, concerns arose from the participant selection and confounding 

domains due to the use of very strict exclusion criteria that could potentially cause 

bias. Meanwhile, the study by Robinson et al. 2014 was assessed as having a ‘High 

Risk of Bias’. This high-risk assessment was mainly due to the failure to control for a 

very important confounding variable, namely the mother's mental health history during 

pregnancy. Additionally, there were several concerns in the domains of outcome 

measurement and missing data.  

Both included RCTs were judged as high risk of bias. Vaziri et al. 2016 did not report 

allocation concealment in their article. Furthermore, there was a baseline imbalance 

in the proportion of planned pregnancy (higher in the vitamin D group) and using other 

supplements (higher in the control group), this resulted in a high risk of bias in domain 

one. The second domain was rated as having some concerns due to the non-blinding 

of participants, but no information regarding deviations from the intended intervention 

was reported. Since the participant was not blinded to the intervention, the outcome is 

likely biased, given that EPDS is a self-reported scale. Overall, these limitations result 

in an overall high risk of bias. In Dabbaghmanesh et al. 2019, allocation concealment 

was not reported; however, no baseline imbalance was found, resulting in some 

concerns of bias in the randomization process. A substantial portion of outcome data 

was missing in the study, but the reasons for its absence were not reported, resulting 

in a high risk of bias in domain three. Overall, the study was judged to have a high risk 

of bias (Figure 1). 
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Figure 1. Risk of bias of included (A) cohort studies and (B) randomised controlled trials. 

Cohort studies were assessed using the ROBINS-E tool, and randomized controlled trials were 

evaluated using the RoB 2 tool. ROBINS-E domains include bias due to confounding, 

participant selection, exposure classification, deviations from intended exposures, missing 

data, outcome measurement, and selection of the reported result. RoB 2 domains include bias 

arising from the randomization process, deviations from intended interventions, missing 

outcome data, outcome measurement, and selection of the reported result. The overall risk-of-

bias judgment was determined based on domain-level assessments, with the highest level of 

risk in any domain contributing to the overall rating. 

 

Dose-Response Association of Vitamin D Levels during Pregnancy towards 

developing PPD 

Two cohort studies (Gur et al. 2014; Robinson et al. 2014) reported sufficient data for 

DRMA. Robinson et al. 2014 reported adjusted OR, while Gur et al. 2014 did not; 

therefore, OR was calculated from the available data without adjustment for 

covariates. The restricted cubic splines analysis did not show evidence of a significant 

non-linear relationship (p = 0.97). In contrast, the log-linear model showed a significant 

dose-response relationship, with each 1 nmol/L increase associated with β = -0.0256 

(95% CI = -0.0454 to -0.0057; P = 0.0012). However, it should be noted that the spline 
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analysis should be considered exploratory due to the lack of studies. Model estimates 

predicted that for every 10 nmol/L increase in serum concentration, there were lower 

0.77 lower odds of PPD (95% CI = 0.63 to 0.94). Serum 25(OH)D concentrations 

below 50 nmol/L were significantly associated with higher odds of PPD, whereas 

concentrations above were associated with lower odds. There was high heterogeneity 

indicated by I2 = 75.3% and the Cochran’s Q test (P = 0.004). The dose-response 

relationship is plotted in Figure 2. However, sensitivity analysis excluding unadjusted 

OR found a trend for  no significant evidence for restricted cubic spline (P = 0.47) and 

linear regression models (P = 0.22). 

 

 

Figure 2. Dose-response relationship of vitamin D serum concentration during pregnancy and 

odds of developing PPD. 
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Efficacy of Vitamin D Supplementation during Pregnancy towards PPD 

Symptoms 

Two RCTs (Dabbaghmanesh et al. 2019; Vaziri et al. 2016) were eligible for meta-

analysis of the efficacy of vitamin D supplementation during pregnancy towards PPD 

symptoms. Dabbaghmanesh et al. 2019 assessed EPDS at 4 weeks postpartum, while 

Vaziri et al. 2016 assessed EPDS at 4 weeks and 8 weeks postpartum. Meta-analysis 

was conducted at 4 weeks postpartum, as this was the only common time frame 

reported by both studies. Meta-analysis showed that vitamin D supplementation during 

pregnancy led to a statistically significant reduction of PPD symptoms (MD = -2.70; 

95% CI = -3.68 to -1.71), with minimal heterogeneity indicated by I2 = 0% and 

Cochran’s Q test (P = 0.86; Figure 3). 

 

 

Figure 3. Forest plot for meta-analysis of the efficacy of vitamin D supplementation during 

pregnancy towards postpartum depressive symptoms. 

 

Certainty of Evidence Assessment 

Certainty of evidence assessed by the authors was deemed as low, a rate down of 

two levels due to serious concerns about risk of bias and indirectness. Both RCTs 

included were judged to be high risk of bias, with some bias favouring the vitamin D 

supplementation group. These included a higher rate of wanted pregnancy in the 

vitamin D group alongside non-blinding of participants in Vaziri et al. 2016, and lack of 

reporting of the reasons behind missing outcome data in Dabbaghmanesh et al. 2019. 

Serious concern of indirectness was identified, as both RCTs included only low risk 

pregnant women (EPDS < 13) in Iran, thereby limiting the generalizability to other 

ethnic groups and high risk pregnant populations. There was no serious concern about 

inconsistency, as heterogeneity was minimal (I2 = 0%). Lastly, publication bias could 

not be assessed due to a lack of studies. Overall, using GRADE recommended 
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language, vitamin D supplementation during pregnancy may improve PPD symptoms 

at 4 weeks after delivery.21 The summary of findings is presented in Table 3. 

 

Table 3. Summary of finding for the efficacy of vitamin D supplementation during 

pregnancy towards postpartum depressive symptoms. 

No of studies 

No of patients 

Absolute 

effect (95% 

CI) Certainty 

Plain language 

summary Vitamin D Placebo 

Postpartum depressive symptoms measured by EPDS at 4 weeks postpartum 

2 randomised 

trials 110 124 

2.70 points 

lower 

(3.68 lower 

to 

1.71 lower) 

⨁⨁◯◯ 

Low 

Vitamin D 

supplementation 

during pregnancy 

may improve 

postpartum 

depressive symptoms 

at 4 weeks after 

delivery 

 

 

DISCUSSION 

Previous meta-analyses exploring the relationship between maternal vitamin D and 

postpartum depression (PPD) have generally reported an inverse association, but with 

inconsistent magnitude and certainty due to methodological and clinical heterogeneity. 

Gould et al. (2022)22 and Centeno et al. (2024)23 both identified that lower maternal 

serum 25(OH)D concentrations were associated with greater odds of depressive 

symptoms during or after pregnancy. However, their pooled effect sizes varied widely 

(pooled ORs ranging from 0.62 to 0.81 across categories of deficiency). These studies, 

however, did not evaluate a formal dose-response relationship, and their subgroup 

analyses were limited by between-study variation in vitamin D thresholds, timing of 

assessment, and depression scales used. 

Our findings extend these prior observations by providing the first quantitative dose–

response synthesis demonstrating a continuous reduction in PPD risk with increasing 

vitamin D levels during pregnancy. We found a log linear relationship, with every 10 

nmol/L increase in prenatal vitamin D associated with 23% lower odds of PPD (OR = 
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0.77; 95% CI = 0.63–0.94), albeit with between-study heterogeneity (I2 = 75.3%) and 

confounding bias. Our result suggests that serum concentrations below 50 nmol/L 

increase the risk of PPD, a finding consistent with the deficiency cut-offs proposed by 

Szpunar (2023).24 However, it is important to mention that upon exclusion of 

unadjusted OR, evidence for a dose-relationship became statistically insignificant. 

More studies to increase sample size are needed as only two prospective cohort 

studies are currently available. 

Besides its primary function in bone metabolism, vitamin D has numerous effects in 

other systems, including the immune, cardiovascular, and neuroendocrine systems. 

In a consensus statement, Mattioli et al. (2025) detail that vitamin D has an anti-

inflammatory effect,  and it modulates endothelial and neurohormonal systems due to 

the widespread distribution of vitamin D receptor (VDR) in the body.25 Supporting this 

systemic effect, Pagnoni et al. (2025) show that vitamin D deficiency has 

cardiovascular consequences and worsens echocardiographic findings, reinforcing 

vitamin D’s role in the regulation of vascular and inflammatory systems.26 These 

mechanisms may be especially relevant to postpartum depression (PPD) because 

there is growing evidence that neuroinflammation, the disruption of the hypothalamic–

pituitary–adrenal (HPA) axis, and altered monoaminergic signaling, particularly with 

regard to dopamine, are involved in the pathology of PPD. Vitamin D has 

demonstrated the ability to suppress the production of pro-inflammatory cytokines, 

modify neurotrophic factors, and improve dopaminergic transmission, thus supporting 

its presumed role in the protection against depression. Subsequently, the consensus 

recommends that vitamin D supplementation should be adjusted depending on the 

individual’s baseline level and risk factors, which aligns with our findings of a dose–

response relationship. This suggests that vitamin D may provide more mental health 

benefits in pregnant women with deficiency. This may also account for the differences 

in outcomes of various studies, and supports the importance of personalized 

supplementation strategies in pregnant women. 

Interestingly, the point estimate and confidence interval of our meta-analysis of 

supplementation do not cross the minimal important difference estimated in a previous 

study, but we argue that the difference found in our meta-analysis may still be clinically 

significant. Our meta-analysis found a statistically significant reduction of 2.70 points 

on the EPDS scale at four weeks after delivery (low certainty). The study by Mao et al. 

202129 estimated that the minimal important difference for a clinically relevant 
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improvement for EPDS is a 4-point reduction. They reached this estimate by taking 

the average score of the distribution-based method (0.5 SD and standard error of the 

measurement) and the anchor-based method (9-item Patient Health Questionnaire 

[PHQ-9], 7-item Generalized Anxiety Disorder [GAD-7], and participants' self-appraisal 

served as anchors). However, this estimate may not accurately reflect the minimal 

important difference for our meta-analysis as it is a between-group comparison, while 

their study measured within-group changes. Additionally, a 4-point reduction may also 

not reflect the threshold for an important prophylactic effect. In Vaziri et al. 2016, it is 

reported that the proportion of mothers with EPDS < 9 was significantly higher in the 

vitamin D group than in the control group (90% vs 59.7%; P = <0.001). Additionally, 

the proportion of women having EPDS >13 was 8.3% in the control group compared 

to 0% in the vitamin D group. Thus, the estimate we found in this meta-analysis still 

has the potential to be clinically important. Further studies investigating the threshold 

for an important difference are needed to properly evaluate the clinical significance of 

these findings. 

Robust neurobiological and endocrine mechanisms support the observed association 

between maternal vitamin D status and postpartum depression risk. The active 

metabolite, 1,25(OH)2D, interacts with VDRs which are abundantly expressed in 

mood-regulating brain regions such as the prefrontal cortex, hippocampus, and 

amygdala.30 Through genomic modulation, vitamin D enhances tryptophan 

hydroxylase-2 (TPH2) expression, the rate-limiting enzyme in central serotonin 

synthesis, thereby promoting serotonergic neurotransmission and improving 

emotional regulation. Deficiency in vitamin D has been associated with reduced 

serotonin production and increased depressive vulnerability, which may explain the 

dose-dependent relationship identified in this study.31 

Beyond its neurotransmitter effects, vitamin D serves as an immunomodulatory and 

anti-inflammatory agent. It suppresses pro-inflammatory cytokines such as IL-6 and 

TNF-α while augmenting anti-inflammatory cytokine activity, potentially mitigating 

neuroinflammation, a key contributor to the pathophysiology of depression.32 During 

pregnancy and the postpartum period, the maternal immune system undergoes 

dynamic modulation, and dysregulation of this balance has been implicated in 

perinatal mood disorders. By maintaining immune homeostasis, vitamin D may protect 

against such inflammatory shifts. 
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Additionally, vitamin D influences hypothalamic–pituitary–adrenal (HPA) axis stability, 

reducing cortisol hyperreactivity to stress. It also enhances neuroplasticity via the 

upregulation of brain-derived neurotrophic factor (BDNF) and supports neuronal 

survival through antioxidant mechanisms.33 These converging pathways—

neurotransmitter synthesis, immune regulation, stress adaptation, and neurotrophic 

support—form a biologically coherent rationale for the beneficial effects observed in 

our dose–response and interventional analyses. The modest yet significant clinical 

effect detected, even in trials with high risk of bias, suggests that vitamin D may exert 

a causal, biologically grounded influence on mood regulation during the perinatal 

period, contingent on adequate serum repletion.34 

Our findings could have clinical implications. The relationship between vitamin D and 

developing PPD indicates that screening and correcting vitamin D deficiency in 

pregnant women could be considered as a preventive strategy for PPD, especially in 

populations at high risk for deficiency. However, vitamin D supplementation should not 

be a stand-alone treatment for established PPD; instead, it should be integrated with 

other standard psychological and pharmacological interventions that have been 

proven to provide clinically significant improvements. From a public health perspective, 

ensuring adequate maternal vitamin D, whether through supplementation, nutrition, or 

sufficient sun exposure, could be beneficial in improving mental well-being postpartum 

at a larger scale. 

However, there are several limitations to our meta-analysis. Serious limitations exist 

regarding indirectness or the applicability of supplementation to the general population 

of pregnant women, as both RCTs were conducted in Iran excluding pregnant women 

at high risk for PPD (EPDS > 13). Extrapolation of this finding to other ethnic groups 

or high risk pregnant women should be with serious caution. Additionally, identical 

doses of 2,000 IU daily, starting from 26-28 weeks of gestation until delivery, limits 

insight into dose-response interaction.  

Furthermore, it should be explicitly mentioned that pooled estimates in our meta-

analyses are fragile due to the limited number of studies. They are highly susceptible 

to individual study effects and random error. Given the small number of included 

studies, future research has the potential to substantially alter the pooled estimates. 

These findings should be considered preliminary pending larger and more rigorous 

studies. 
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Gur et al. 2014 did not report adjusted OR, leading to confounding bias. Secondly, the 

cutoff for PPD in the two studies differs: Gur et al. 2014 used EPDS ≥12, while 

Robinson et al. 2014 used six or more symptoms in the EPDS scale (not using the 

total score). To resolve these limitations, we propose that further prospective cohort 

studies reporting adjusted OR values and more standardised cut-off values for PPD 

are still needed to obtain more accurate estimates. 

 

CONCLUSION 

In conclusion, this study found a potential log-linear relationship between prenatal 

serum 25(OH)D and developing PPD after delivery, alongside it prenatal 

supplementation may improve PPD symptoms 4 weeks after delivery, but the current 

number of studies are limited. Prospective cohort studies adjusting for confounding 

factors are still needed. Current randomized evidence is strictly limited to pregnant 

women with EPDS ≤ 13 in Iran, therefore larger and more diverse RCTs are needed 

to confirm the efficacy of supplementation before considering wide use. The available 

trials used 2,000 IU daily; however, optimal dosing remains uncertain. 
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