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Abstract
Background Preeclampsia is a severe pregnancy complication affecting 2–8% of pregnancies globally, contributing 
to substantial maternal and fetal morbidity and mortality. Vitamin D deficiency has been associated with an increased 
risk of preeclampsia, yet the efficacy of its supplementation during pregnancy in reducing preeclampsia incidence 
remains uncertain.

Objectives This systematic review and meta-analysis aimed to evaluate the impact of vitamin D supplementation on 
the incidence of preeclampsia and related maternal and neonatal outcomes.

Method We systematically searched PubMed, Scopus, Cochrane Library, and Web of Science until August 2024 for 
randomized controlled trials (RCTs) examining the effects of vitamin D supplementation on preeclampsia. Eligible 
studies included pregnant women with varying doses of vitamin D supplementation compared to placebo or 
standard care. Primary outcomes were the incidence of pre-eclampsia and preterm labor; secondary outcomes 
included serum 25-hydroxyvitamin D levels, low birth weight, and APGAR scores. Data were synthesized using 
R statistical software, with effect measures reported as relative risk (RR) and mean difference (MD) with a 95% 
confidence interval (CI).

Results A total of 33 RCTs involving 10,613 participants were included. Vitamin D supplementation significantly 
reduced the risk of preeclampsia by 44.8% (RR = 0.55, 95% CI [0.43, 0.71], P < 0.0001) and preterm labor by 30% 
(RR = 0.70, 95% CI [0.51, 0.96], P = 0.0286). Subgroup analyses indicated that the benefits were more pronounced when 
the control group received a placebo rather than low-dose vitamin D. Serum 25-hydroxyvitamin D levels significantly 
increased in the supplementation group (MD = 32.42 nmol/L, 95% CI [20.33, 44.50], P < 0.0001). However, no significant 
differences were observed in the incidence of low birth weight (RR = 0.65, 95% CI [0.42, 1.02], P = 0.057) or Apgar 
scores at 5 min (MD = 0.20, 95% CI [-0.01, 0.40], P = 0.057).

Conclusion Vitamin D supplementation during pregnancy significantly reduces the risk of preeclampsia and preterm 
labor, though its impact on neonatal outcomes remains unclear. These findings underscore the potential value of 
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Introduction
Globally, preeclampsia accounts for 2–8% of all preg-
nancy-related problems, killing over 50,000 mothers and 
over 500,000 fetuses [1]. It occurs when a woman whose 
blood pressure was normal before pregnancy devel-
ops abnormally high blood pressure during or after the 
20th week of gestation. Blood pressure of 140/90 mmHg 
or above, edema, and proteinuria with multiorgan fail-
ure are further symptoms of preeclampsia. A signifi-
cant cause of preterm delivery (i.e., pregnancy delivered 
before 37 weeks of gestation), the condition can have cat-
astrophic consequences. Severe cases that impact brain 
function, leading to seizures or coma, are called eclamp-
sia [2–4]. HELLP syndrome is a life-threatening form of 
preeclampsia characterized by hemolysis, elevated liver 
enzymes, and low platelets and may occur without hyper-
tension or proteinuria. Preeclampsia can be divided into 
two subtypes: early-onset (or placental) and late-onset 
(or maternal) preeclampsia [5]. Early-onset preeclamp-
sia is due to a defective placenta [6] and maternal pre-
eclampsia is due to maternal endothelial dysfunction [7]. 
The term “postpartum preeclampsia” is used to describe 
a form of preeclampsia that often appears within 48  h 
to six weeks following the delivery [8]. Postpartum pre-
eclampsia can occur regardless of the occurrence of high 
blood pressure or preeclampsia during pregnancy [9]. 
Pre-eclampsia in a subsequent pregnancy is eight times 
higher in patients with a history of preeclampsia [10]. 
Several serious complications can occur in preeclamptic 
patients, including hypertension, eclampsia, pulmonary 
edema, myocardial infarction, stroke, acute respiratory 
distress syndrome (ARDS), renal and retinal injury, and 
fetal complications such as growth restrictions, placental 
abruption, or maternal or fetal death [2, 11]. Some stud-
ies suggest an association between vitamin D deficiency 
and preeclampsia [12, 13, 14]. Vitamin D deficiency is 
common among high-risk pregnant women [15]. Vitamin 
D decreases pro-inflammatory response [16] and upregu-
lates genes associated with placental invasion and normal 
implantation [16], which can affect inflammation and 
abnormal placental invasion. Vitamin D can affect vascu-
lar endothelial dysfunction by improving vascular struc-
ture, elasticity, and intima-media thickness, decreasing 
blood pressure [17], and reducing oxidative stress [18]. 
It can also alter the proteinuria caused by renal vascu-
lar endothelial growth factors (VEGF) as it increases 
vascular smooth muscle cell proliferation by increasing 
VEGF gene transcription [19]. Despite all the effects of 
vitamin D, there is no clear evidence of whether to use 

it for pregnancy. Since the problem of preeclampsia is 
significant and there is no clear consensus on the usage 
of vitamin D in pregnancy, we conducted this systematic 
review and meta-analysis of all relevant randomized con-
trolled trials (RCTs) to determine the effects of vitamin 
D supplementation during pregnancy on the incidence of 
preeclampsia.

Methodology
We conducted the study following the Preferred Report-
ing Items for Systematic Reviews and Meta-Analysis 
(PRISMA) guidelines [20]. The study protocol was 
prospectively registered on the International Pro-
spective Register of Systematic Reviews PROSPERO 
(CRD42024580640).

Information sources and search strategy
We searched the databases PubMed, Scopus, Cochrane 
Library, and Web of Science to identify the relevant stud-
ies up to August 2024. The search strategy was (vita-
min D) AND (preeclampsia OR “Pre-Eclampsia“[Mesh] 
OR toxemia OR gestosis OR gestational hypertension 
OR eclampsia OR (birth weight) OR “Infant, Low Birth 
Weight“[Mesh] OR “Birth Weight“[Mesh] OR (preterm 
birth) OR “Premature Birth“[Mesh]). Following the data-
base search, duplicates were removed, and titles and 
abstracts were screened using Rayyan software [21]. Ini-
tially, we had 11,204 studies in total, and after duplicate 
removal, we had 8765 studies. We performed title and 
abstract screening, yielding 57 studies. Then, full-text 
screening was performed, yielding 33 studies (Fig. 1).

Eligibility criteria
Participants
We included only RCTs; other study designs were 
excluded. this inclusion criterion was pregnant women 
taking vitamin D supplementation to explore its pre-
ventive effects against preeclampsia and related com-
plications. The comparator group consisted of pregnant 
women taking a placebo, standard care, or low doses of 
vitamin D ≤ (400 IU/day). The outcomes of interest and 
primary were preeclampsia, preterm labor, and mea-
surement of 25-hydroxyvitamin D. Secondary outcomes 
included baby outcomes such as low Apgar score at 5 min 
and low birth weight.

Standard care
Standard care for pregnant women refers to routine 
practices that support maternal and fetal health during 

vitamin D supplementation in prenatal care for improving maternal outcomes. Further research is needed to clarify its 
effects on neonatal health.
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pregnancy. It normally includes regular contact with 
antenatal care providers to monitor and perform mater-
nal and fetal assessments, give nutritional advice and 
needed supplementations, and conduct preventive inter-
ventions and counseling. For example, pregnant women 
are often provided with daily iron (30–60 mg) and folic 
acid (400 µg) supplementation to prevent anemia and low 
birth weight.

Study selection and data extraction
Two independent authors blinded to each other extracted 
the data of each study using a uniform Google sheet; dis-
agreements were resolved by consensus or referring to 
the primary investigator. Data extracted involved the par-
ticipant’s baseline characteristics (number, age, baseline 
25-hydroxy vitamin D, gestational age, DBP, SBP, BMI, 
height, weight, parity), included studies’ characteristics 

(study ID, location, year, study design, population, inter-
vention, comparator, start point of intervention, duration 
of intervention, outcomes), and outcome measures (pre-
eclampsia, preterm labor, measurement of 25-hydroxyvi-
tamin D).

Risk of bias and quality assessment
Two independent blinded authors assessed the quality of 
the included RCTs using the Cochrane risk-of-bias tool 
2 (RoB-2) [22], which contains six domains: (1) random-
ization process (2), deviation from the intended interven-
tions (3), missing outcome data (4), measuring outcome 
(5), selection of the reported outcome, and (6) other bias. 
The investigators’ conclusions are classified as “low risk,” 
“no information,”” some concerns,” or “high risk” of bias 
for each of these topics. A third investigator reanalyzed 
the disagreements and resolved them. The RoB-2 tool 

Fig. 1 Prisma flow diagram
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summary and graph were produced using the Robvis 
[22].

Effect measures and data synthesis
The primary outcomes were pre-eclampsia, preterm 
labor, and measurement of 25-hydroxyvitamin D. In 
data analysis, categorical variables were represented as 
counts and percentages, and continuous variables were 
reported as mean and standard deviation (SD). If needed, 
the median and interquartile range (IQR) were converted 
to mean and SD using the formula provided by Wan et 
al. [23]. We employed the Web Plot Digitizer program 
to extract data from graphs. All meta-analyses were per-
formed using R Statistical Software (v4.4.1; R Core Team 
2024). Continuous data were pooled as mean difference 
(MD) or standardized mean difference (SMD) with a 95% 
confidence interval (CI). In contrast, dichotomous data 
were pooled as risk ratio (RR) with a 95% CI.

Heterogeneity assessment and sensitivity analysis
A visual inspection of the final forest plots and an assess-
ment by I-square (I2) and Chi-Square tests (X2) were con-
ducted to identify the degree of heterogeneity. In case of 
significant heterogeneity (X2P < 0.1), the random effect 
model has been used to resolve heterogeneity using R 
programming code.

Subgroup analysis
Based on the difference between control group supple-
mentation, we performed a subgroup analysis.

Results
Search and screening
This search retrieved 11,204 potentially relevant publica-
tions; 2439 duplicates were removed, and 8765 remained 
for a title and abstract screening. After the abstract 
screening, 57 papers were eligible for full-text screen-
ing. Out of them, 33 RCTs with 10,613 patients were 
included. 24 publications were excluded: outcomes mea-
sured in one RCT did not meet the inclusion criteria, 
and publications did not meet abstracts or protocols of 
already included studies. These details are provided in 
Fig. 1.

Characteristics of the included studies
All studies were RCTs where pregnant patients were allo-
cated to receive either the vitamin D supplement or the 
placebo intervention. All thirty-three studies provided 
vitamin D at a variable daily dose ranging from 400 IU/
day to 200,000 IU (single dose). Standard Care: Several 
interventions included standard care, such as iron, cal-
cium, and folic acid supplementation provided alongside 
vitamin D in various groups. Routine antenatal care in 

groups that received vitamin D and other vitamin/min-
eral supplements (Table 1).

Risk of bias assessment
Among the included studies, eleven [24–34] were rated 
as having a low risk of bias across all domains, indicating 
a robust methodological approach. However, nine studies 
[35–43] were identified with a high risk of bias, increas-
ing risks of the potential impact of bias on their findings. 
Moreover, thirteen studies [44–56] identified concerns 
that received an unclear rating in at least one domain, 
indicating the need for further clarification in study 
reporting. Besides, the summary plot for domains shows 
that the first domain,” Bias arising from the randomiza-
tion process,” has the most studies with some concerns. 
(Fig. 2)

Outcomes
Maternal data
The meta-analysis of 15 studies involving 5,035 par-
ticipants revealed that Vitamin D supplementation 
significantly reduces the risk of preeclampsia. The ran-
dom-effects model showed a risk ratio (RR) of 0.5519 
(95% CI: 0.4296–0.7090, p < 0.0001), indicating a 44.8% 
reduction in risk compared to the control group. Het-
erogeneity was low to moderate, with I² = 34.4%, and the 
Q-test for heterogeneity was not statistically significant 
(p = 0.0929). Subgroup analysis based on the type of con-
trol group showed that the reduction in preeclampsia risk 
was more pronounced when the control group received a 
placebo (Vitamin D-free) (RR = 0.5150, 95% CI: 0.4079–
0.6502, I² = 19.4%) compared to a low dose of Vitamin D 
(RR = 0.7308, 95% CI: 0.3718–1.4367, I² = 34.4%). How-
ever, the test for subgroup differences (p = 0.3372) indi-
cated no statistically significant variation between these 
groups. These findings highlight the potential benefit of 
vitamin D supplementation in reducing preeclampsia 
risk, particularly in populations with minimal baseline 
vitamin D intake (Fig.  3). The analysis also included 13 
studies with 6055 participants (3429 in the experimen-
tal group and 2626 in the control group) and 541 events. 
Vitamin D supplementation significantly reduced the risk 
of preterm labor, with an overall RR of 0.6999 (95% CI: 
0.5085–0.9633, p = 0.0286), indicating a 30% lower risk 
compared to the control group. Heterogeneity among 
studies was moderate (I² = 59.7%, p = 0.0030). Subgroup 
analysis revealed that the reduction in preterm labor 
risk was more pronounced when the control group 
received a placebo (RR = 0.5838, 95% CI: 0.4100–0.8312, 
I² = 55.1%) than when it received low-dose vitamin D 
(RR = 1.1977, 95% CI: 0.8010–1.7908, I² = 0%). The test 
for subgroup differences was statistically significant 
(p = 0.0085), suggesting that vitamin D supplementation 
was more effective in reducing preterm labor risk when 
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compared to placebo rather than low-dose supplemen-
tation. These findings highlight the potential of vitamin 
D as an intervention to lower the risk of preterm labor, 
especially in populations without baseline supplementa-
tion (Fig. 4). This indicates that vitamin D supplementa-
tion is associated with a 30% lower risk of preterm labor 
than controls. Additionally, the measurement of serum 

25-hydroxyvitamin D levels revealed an MD of 32.42 
nmol/L (95% CI: [20.33, 44.50], P < 0.0001) (Fig. 5), high-
lighting a significant increase in vitamin D levels among 
those who received supplementation.

Infant Data
In contrast, data from 7 studies assessing the incidence 
of low birth weight did not demonstrate a statistically 
significant difference between the two groups, with a 
pooled risk ratio of 0.65 (95% CI: [0.42, 1.02], P = 0.0568). 
Heterogeneity among studies was moderate (I² = 65%, 
p < 0.01) (Fig. 6). This suggests that while there is a trend 
towards lower incidence rates of low birth weight in the 
vitamin D group, the results do not reach statistical sig-
nificance. Similarly, the analysis of Apgar scores at 5 min 
post-delivery showed a mean difference of 0.2 (95% CI: 
[-0.01, 0.40], P = 0.0571). Heterogeneity among studies 
was mild (I² = 73%, p = 0.01) (Fig. 7), indicating no signifi-
cant difference in neonatal outcomes between the vita-
min D supplementation group and controls.

Interpretation.
These findings suggest that vitamin D supplementa-

tion during pregnancy may significantly reduce the risks 
of preeclampsia and preterm labor in mothers. However, 
the lack of significant differences in low birth weight and 
Apgar scores indicates that while maternal outcomes 
improve with supplementation, the benefits may not 
extend to specific infant outcomes. Further research is 
warranted to explore these associations and clarify the 
potential impact of vitamin D on neonatal health.

Start time and duration
The body of research on vitamin D supplementation dur-
ing pregnancy reveals nuanced findings regarding mater-
nal and infant health. Roth et al. (2018) [30] studied 1,300 
generally healthy pregnant women between 17 and 24 
weeks of gestation until delivery, reporting no significant 
impact of supplementation on infant growth. In contrast, 
Sabet et al. (2012) [54] observed 50 third-trimester preg-
nant women in Tehran and found that those receiving 
100,000 IU of monthly vitamin D supplementation had 
elevated 25(OH) vitamin D levels in both serum and cord 
blood, while the control group displayed a higher inci-
dence of vitamin D deficiency. Although maternal serum 
iPTH levels showed no significant differences, the study 
emphasized the safety of supplementation, warranting 
further investigation into long-term effects. Supporting 
this, Khan et al. (2016) [52] monitored pregnant women 
from 12 to 16 weeks gestation for low birth weight 
(LBW) and reported an incidence of 29%, yet noted no 
overall differences in birth weight. Sunarno et al. (2023) 
[55], focusing on 108 pregnant mothers with specific 
blood pressure and low serum calcidiol levels, found 
that supplementation not only increased calcidiol levels 

Fig. 2 ‘Risk of bias graph’: review authors’ judgments about each risk of 
bias item presented as percentages across all included studies, and ‘Risk of 
bias summary’: review authors’ judgments about each risk of bias item for 
each included study
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but also correlated with an average birth weight gain of 
302.26 g, alongside the benefits of sun exposure. Adding 
to the discthisse, Delvin et al. (1986) [48] studied 40 preg-
nant women at 27 weeks of gestation, revealing that vita-
min D supplementation enhanced maternal and neonatal 
calcium levels, highlighting the critical role of maternal 
stores for neonatal calcium management. These stud-
ies underscore the potential benefits and complexities of 
vitamin D supplementation during pregnancy.

Publication bias
In agreement with Egger et al. [57], it was applicable to 
examine potential publication bias in this review via Egg-
er’s test for the funnel plot asymmetry, and we found a 
significant publication bias.

Discussion
Preeclampsia is a pregnancy-specific condition charac-
terized by endothelial dysfunction and vasospasm that 
typically occurs after 20 weeks of gestation. Clinically, 
it is defined by the onset of hypertension alongside pro-
teinuria, with or without severe features [58]; the patho-
genesis of preeclampsia is not fully understood; however, 
its development may involve a complex interplay of 

ischemia and abnormal placentation. These factors can 
increase the release of angiogenic factors like tyrosine 
kinase, soluble endoglin, and other pro-inflammatory 
cytokines such as IL-1β, IL-6, and IL-8, contributing to 
vascular damage. Emerging evidence suggests that vita-
min D plays a crucial role in endothelial repair and angio-
genesis, both of which are essential for mitigating the 
effects of preeclampsia [59]. Additionally, maternal vita-
min D deficiency has been associated with an increased 
risk of cardiovascular diseases and arterial hypertension, 
suggesting that vitamin D supplementation could serve 
a protective role in the management of preeclampsia by 
promoting endothelial health and regulating blood pres-
sure [60]. This meta-analysis integrates the latest studies 
up to 2024, offering a robust, evidence-based assessment 
of vitamin D supplementation’s impact on preeclamp-
sia and related maternal and fetal outcomes. Through 
subgroup analyses performed at multiple postoperative 
time points, we provide a nuanced understanding of the 
temporal trajectory of these outcomes, evaluating both 
short-term (e.g., preeclampsia incidence) and long-term 
(e.g., birth weight, Apgar scores) effects using advanced 
statistical methods to mitigate heterogeneity and publi-
cation bias. Our meta-analysis suggests that vitamin D 

Fig. 3 Incidence of Preeclampsia between Vit. D Supplementation and Control groups. *Moderate deficiency in Vit. D **Severe deficiency in Vit. D. IN/LD: 
intervention vs. low dose. IN/P: intervention vs. placebo
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supplementation in early pregnancy can decrease the 
chances of preeclampsia and provides evidence for the 
protective role of vitamin D in addressing key maternal 
and fetal outcomes. This meta-analysis incorporated 33 
RCTs that evaluated a range of maternal and fetal out-
comes, such as the risk of preeclampsia and preterm 
labor. Other outcomes assessed were low birth weight, 
low Apgar scores at 5 min, and 25-OH vitamin D levels. 
This approach offers several advantages over previous 
reviews, which predominantly relied on observational 
studies examining the relationship between vitamin D 
supplementation during pregnancy and the incidence of 
preeclampsia. However, the primary focus of this review 
remains on the incidence of preeclampsia, providing 
a robust analysis of the potential benefits of vitamin D 
supplementation during pregnancy. We found that vita-
min D supplementation significantly impacted reducing 
preeclampsia (P < 0.0001). This reduction was particu-
larly evident in studies where higher doses (≥ 2000 IU/
day) were administered over an extended period. These 
findings indicate a significant association between vita-
min D supplementation and a reduction in the incidence 
of preterm labor and increased serum 25-OH vitamin D 
levels (P < 0.01, P < 0.01, respectively). On the other hand, 
we found no significant association between vitamin 

D supplementation and low birth weight or low Apgar 
scores at 5 min (P = 0.0568, P = 0.0571, respectively).

This study showed a 44% reduction in the risk of pre-
eclampsia with vitamin D supplementation compared to 
the control group. Additionally, a greater reduction in 
the risk of preeclampsia was observed when the control 
group received a placebo (RR [95% CI] = 0.5150 [0.40–
0.65]) compared to the group that received a low dose 
of vitamin D (RR [95% CI] = 0.73 [0.37–1.43]). However, 
the test for subgroup differences (p = 0.33) indicated no 
statistically significant variation between these groups, 
emphasizing the benefit of vitamin D supplementation 
compared to the control group; this is consistent with 
Azami et al. 2017 [35] A RCT study that concluded that 
higher doses of vitamin D and other vitamins substan-
tially reduce the risk of preeclampsia. In this study, group 
A received one Tablet of ferrous sulfate (1 Tablet/day) 
and one Tablet of Claci-care multimineral vitamin D, 
which contained 800  mg of calcium, 200  mg of magne-
sium, 8 mg of zinc, and 400 IU of Vitamin D3/day; group 
B received only one tablet of ferrous sulfate per day. 
Specifically, only 4 out of 30 women in Group A, who 
received higher doses, developed preeclampsia, com-
pared to 10 out of 30 in Group B, who received a lower 
dose, and 11 out of 30 in the control group. A statistically 

Fig. 4 Incidence of preterm labor between Vit. D supplementation and control groups. *Moderate deficiency in Vit. D **Severe deficiency in Vit. D. IN/LD: 
intervention vs. low dose. IN/P: intervention vs. placebo
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significant p-value of 0.0001; RR [95% CI] = 0.57 [0.45, 
0.73)

This result demonstrated a significant association 
between vitamin D supplementation and a 44.8% reduc-
tion in the risk of preterm labor, with a p-value less than 
0.0001 and a relative risk of 0.55 (95% CI: 0.42–0.70). 
Analysis of subgroups that received placebo vs. low-dose 
vitamin D revealed that the benefit was more pronounced 
when the control group received a placebo (vitamin 
D-free) (RR = 0.51, 95% CI: 0.40–0.65) compared to when 

they received low-dose Vitamin D (RR = 0.7308, 95% CI: 
0.37–1.43). Similar to the findings for pre-eclampsia, the 
difference between subgroups was not statistically sig-
nificant (p = 0.3372). These results suggest that vitamin 
D supplementation may effectively reduce the risk of 
preterm labor, with more pronounced effects when com-
pared to a placebo rather than low-dose vitamin D. In 
contrast to this study, an RCT by Mohammad-Alizadeh-
Charandabi et al. 2015 [26] found that supplementation 
with vitamin D or calcium carbonate had no significant 

Fig. 6 Low birth weight between Vit. D supplementation and control group

 

Fig. 5 Measurement of 25-OH between Vit. D supplementation and control groups. * lowest dose for intervention. ** Another group with a higher dose
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effects on infant anthropometric indices, gestational age, 
or mode of delivery (RR [95% CI] = 0.50 [0.10–2.58]). On 
the other hand, Singh’s study [43] indicated that pregnant 
women receiving a high dose of 2000 IU of vitamin D 
daily had a significantly improved mean gestational age 
of 38.10 ± 2.35 weeks compared to 35.98 ± 3.57 weeks in 
the control group (P < 0.05). Additionally, the incidence 
of preterm birth was significantly lower at 8% (P = 0.001) 
among those who achieved sufficient vitamin D levels 
(> 50 nmol/l). These findings support the hypothesis that 
adequate vitamin D supplementation may reduce the risk 
of preterm birth, aligning with other studies in this area. 
According to the findings on the effects of vitamin D on 
low birth weight and low Apgar scores at 5  min, there 
were no significant differences observed, with p-values 

exceeding 0.05 for both measurements. The relative risks 
reported were RR [95% CI] = 0.65 [0.42–1.02] for birth 
weight and a mean difference of 0.20 [-0.01–0.40] for 
Apgar scores at 5 min.

Maternal deficiency in 25-hydroxyvitamin D has been 
linked to an increased proinflammatory response, which 
can impair vascular health. This study demonstrated a 
strong association between vitamin D supplementation 
and increased levels of maternal and cord serum 25(OH)
D, with a p-value of 0.0001 and a mean difference of 
32.42 [20.33:44.5]. Similarly, Sabet et al. 2012 [54] con-
firmed that maternal 25-hydroxyvitamin D levels were 
significantly higher in the supplemented group compared 
to the control group (p ≤ 0.001). Also, the study by Ali 
et al. 2019 [36] found a lower incidence of preeclampsia 

Fig. 8 Publication bias graph

 

Fig. 7 Low Apgar score at 5 min between Vit. D supplementation and control group
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with higher doses of 25-hydroxyvitamin D (4000 IU) 
compared to a lower dose (400 IU). This suggests that 
supplementing with higher doses of 25-hydroxyvitamin 
D, rather than lower doses, may have a positive impact 
on pregnancy-related issues such as preeclampsia. In this 
meta-analysis, we found significant publication bias and 
asymmetry while incorporating the studies and in agree-
ment with Egger et al., [57], using Egger’s test for the fun-
nel plot asymmetry (Fig. 8).

Our findings are consistent with and build upon sev-
eral key studies exploring the role of vitamin D supple-
mentation in reducing preeclampsia risk. Alsubai et al. 
(2023) highlighted that 25(OH)D deficiency increases 
preeclampsia risk, with higher doses of vitamin D sig-
nificantly reducing this risk, a conclusion that aligns 
with our finding of a 44% reduction in preeclampsia 
incidence with higher doses (≥ 2000 IU/day). Similarly, 
Palacios (2019) observed that vitamin D likely reduces 
preeclampsia risk and improves serum 25-OH vitamin 
D levels, which is reflected in our results showing sig-
nificant increases in maternal and cord serum vitamin 
D levels. While we did not find significant associations 
with low birth weight or Apgar scores, our findings on 
preeclampsia prevention are in line with Purswani et al. 
(2017), who suggested that vitamin D might mitigate vas-
cular dysfunction through its anti-inflammatory effects. 
Alanazi et al. (2024) reported a non-significant decrease 
in preeclampsia risk, contrasting with our robust finding, 
which may be due to their smaller sample size. Fogacci 
et al. (2023) and Alimoradi et al. (2024) both confirmed 
that vitamin D supplementation reduces preeclampsia 
risk, with Fogacci emphasizing early supplementation, a 
factor we also found to be important. Overall, our study 
supports the protective role of vitamin D in preeclampsia 
prevention, particularly with higher doses, and reinforces 
the need for further well-designed trials to optimize sup-
plementation strategies and address the effects on other 
maternal and fetal outcomes [61–66].

Finally, we are recommending the start of screening 
programs for vitamin D. Deficiency during early preg-
nancy can help identify women at risk for deficiency 
and adverse outcomes and how need the supplementa-
tion. Supplementing with optimal dosing as higher doses 
of vitamin D provides a more effective role in prevent-
ing pre-eclampsia and preterm labor compared to lower 
doses.

Conclusion
This systematic review and meta-analysis demonstrate 
the potential benefits of vitamin D supplementation in 
reducing the risk of preeclampsia and preterm labor 
among pregnant women, with findings showing a 43% 
reduction in preeclampsia risk and a 30% decrease in 
preterm labor. These outcomes suggest that vitamin D 

may play a role in supporting vascular function, reduc-
ing inflammation, and enhancing placental development 
during pregnancy. While maternal outcomes showed 
clear improvement, neonatal outcomes such as low 
birth weight and Apgar scores at 5  min did not exhibit 
significant changes, indicating a selective influence of 
vitamin D on maternal health. The consistent increase 
in maternal serum vitamin D levels in the supplemented 
group underscores the effectiveness of supplementation 
in addressing deficiencies. Future research should aim 
to optimize dosing regimens, evaluate long-term health 
impacts for both mother and child, and clarify the mech-
anisms by which vitamin D exerts its protective effects, 
ultimately guiding clinical guidelines and improving pre-
natal care practices.
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