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Preeclampsia remains an important complication of pregnancy and is
associated with substantial maternal and perinatal morbidity and
mortality. Maternal vitamin D has been proposed to have a preventive
role in preeclampsia due to its involvement in placental development,
trophoblast invasion, angiogenesis, immune responses, oxidative
balance, and vascular regulation. This literature review aimed to
evaluate the potential role of maternal vitamin D in preventing
preeclampsia by examining the relationship between maternal 25-
hydroxyvitamin D [25(OH)D] concentrations and preeclampsia risk,
exploring possible underlying mechanisms, and assessing the effects of
vitamin D supplementation during pregnancy. A narrative literature
review was performed using PubMed, ScienceDirect, and Google
Scholar to identify relevant publications from January 2016 through
September 2026. Studies involving pregnant women that evaluated
maternal vitamin D status or vitamin D supplementation in relation to
preeclampsia  were considered, including original research,
randomized controlled trials, systematic reviews, and meta-analyses.
Overall, the reviewed evidence suggests that insufficient maternal
25(OH)D concentrations may be associated with a greater risk of
preeclampsia, although the findings vary depending on the timing of
vitamin D assessment, criteria used to define vitamin D status,
characteristics of the study population, and potential confounding
variables. Vitamin D may affect the pathogenesis of preeclampsia by
modulating  trophoblast  invasion, angiogenic  processes,
antiangiogenic factors, immune regulation, oxidative stress, and
vascular function. Evidence from several meta-analyses of randomized
controlled trials also indicates that vitamin D supplementation during
pregnancy could lower the occurrence of preeclampsia; however,
considerable variation among studies remains, and a definitive dose
and timing of supplementation have yet to be established. In
conclusion, maternal vitamin D appears to have potential as a
preventive factor for preeclampsia, although further rigorous research
is required to establish the most appropriate supplementation regimen.
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1. INTRODUCTION

Preeclampsia is one of the major hypertensive complications of pregnancy and is
generally diagnosed by the development of new-onset hypertension after 20 weeks of
gestation accompanied by proteinuria and/or evidence of maternal organ dysfunction. The
condition can affect multiple maternal organ systems and may result in serious
complications, including eclampsia, renal and hepatic impairment, pulmonary edema,
preterm delivery, and fetal growth restriction. Affecting approximately 2-8% of
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pregnancies worldwide, preeclampsia remains an important contributor to maternal and
perinatal morbidity and mortality [1]. Its considerable clinical burden emphasizes the need
to identify potentially modifiable factors and develop effective preventive approaches.

The development of preeclampsia is thought to involve abnormalities in placental
development followed by widespread maternal vascular dysfunction. Inadequate
trophoblastic invasion and incomplete remodeling of the spiral arteries during early
pregnancy can impair uteroplacental circulation and lead to placental hypoperfusion.
Subsequent oxidative and inflammatory processes may stimulate the release of
antiangiogenic mediators, particularly soluble fms-like tyrosine kinase-1 (sFlt-1) and
soluble endoglin (sEng). An imbalance between angiogenic and antiangiogenic factors
contributes to maternal endothelial dysfunction and vascular abnormalities, which
ultimately underlie many of the clinical manifestations of preeclampsia [1]. This complex
pathophysiology has also prompted interest in nutritional factors that may influence
placental development and maternal vascular health.

Vitamin D has functions in pregnancy that extend beyond its established role in calcium
and phosphorus regulation. Maternal vitamin D status is commonly evaluated using
circulating 25-hydroxyvitamin D [25(OH)D], whereas 1,25-dihydroxyvitamin D
[1,25(OH)2D] represents the biologically active form. Both the placenta and decidua
express the vitamin D receptor (VDR) and enzymes involved in vitamin D metabolism,
suggesting that vitamin D signaling may contribute to placental development, trophoblastic
function, and maternal—fetal immune regulation [2]. In addition, vitamin D has been
implicated in the regulation of inflammatory responses, angiogenesis, and vascular
function, all of which are relevant to the pathophysiological processes involved in
preeclampsia.

Evidence from observational studies has suggested a potential relationship between
maternal vitamin D status and preeclampsia. A systematic review and dose-response meta-
analysis by Mehrnabi et al. reported that higher circulating 25(OH)D concentrations were
associated with a lower risk of preeclampsia [3]. Similarly, Li et al. found an association
between vitamin D insufficiency or deficiency during pregnancy and an increased risk of
preeclampsia [4]. Nevertheless, the available evidence remains inconsistent. A subsequent
meta-analysis by Zakerinasab et al. reported lower overall vitamin D concentrations among
women with preeclampsia, while the associations observed when participants were
categorized according to vitamin D insufficiency or deficiency did not reach statistical
significance [5]. Differences in the timing of vitamin D assessment, definitions of vitamin
D status, study populations, and potential confounding variables may partly account for
these inconsistent findings.

Beyond observational evidence, randomized controlled trials have investigated whether
vitamin D supplementation could contribute to the prevention of preeclampsia. A meta-
analysis involving 27 randomized controlled trials found that vitamin D supplementation
during pregnancy was associated with a lower risk of preeclampsia [6]. Similar findings
were reported in a more recent meta-analysis of randomized controlled trials, which
observed a lower incidence of preeclampsia among women receiving vitamin D
supplementation [7]. However, the results across individual studies remain heterogeneous,
particularly with respect to supplementation dose and timing, baseline vitamin D status,
and maternal characteristics. Therefore, further evaluation of the biological mechanisms
and clinical evidence linking maternal vitamin D status and supplementation with
preeclampsia prevention is warranted.

This literature review aims to examine the potential role of maternal vitamin D in the
prevention of preeclampsia by discussing its biological functions during pregnancy, the
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mechanisms through which vitamin D may influence the pathophysiology of preeclampsia,
the association between maternal vitamin D status and preeclampsia risk, and the available
evidence regarding vitamin D supplementation as a preventive strategy.

2. METHODS

This review employed a narrative literature review approach to assess the potential role
of maternal vitamin D in the prevention of preeclampsia. Relevant literature was identified
through searches of PubMed, ScienceDirect, and Google Scholar. The search strategy
incorporated keywords and Medical Subject Headings (MeSH) related to vitamin D and
preeclampsia, including “vitamin D,” “25-hydroxyvitamin D,” “maternal vitamin D,”
“vitamin D deficiency,” “vitamin D supplementation,” “pregnancy,” and “preeclampsia.”
Boolean operators “AND” and “OR” were applied to combine the search terms and broaden
or refine the retrieved literature.

The search covered publications from January 2016 to September 2026. Studies were
considered eligible when they included pregnant women and investigated maternal vitamin
D status, vitamin D deficiency or insufficiency, or vitamin D supplementation in relation
to the risk or occurrence of preeclampsia. Original research studies, randomized controlled
trials, systematic reviews, and meta-analyses published in peer-reviewed journals and
available in English were considered for inclusion.

Studies were excluded when they did not involve pregnant women, did not assess
maternal vitamin D status or supplementation, or did not report preeclampsia or other
relevant maternal outcomes. Case reports, conference abstracts, editorials, letters, and
duplicate publications were also excluded. Reference lists of relevant publications were
additionally reviewed to identify potentially eligible studies that might not have been
retrieved through the database search.

Study selection involved an initial screening of titles and abstracts, followed by
assessment of the full text of potentially relevant articles. Information extracted from
eligible studies included study characteristics, maternal population, the timing and method
of vitamin D assessment or supplementation, maternal vitamin D status, the incidence or
risk of preeclampsia, and the principal findings. The findings were subsequently
synthesized narratively, with emphasis on the biological role of vitamin D, potential
mechanisms connecting vitamin D with preeclampsia, the relationship between maternal
vitamin D status and preeclampsia, and evidence concerning vitamin D supplementation.

29 ¢

3. RESULTS AND DISCUSSION

3.1 Maternal Vitamin D Status and Preeclampsia

The potential relationship between maternal vitamin D status and preeclampsia has
been evaluated in a substantial number of observational studies. Overall, the available
evidence tends to indicate that inadequate maternal vitamin D status is associated with a
higher likelihood of preeclampsia, although the magnitude and statistical significance of
this association vary among studies. Li et al. synthesized evidence from 22 studies
involving 25,530 participants and reported that women with vitamin D insufficiency or
deficiency had higher odds of developing preeclampsia, with a pooled OR of 1.58 (95%
CI: 1.39-1.79). When the two categories were analyzed separately, the OR was 1.35 (95%
CI: 1.10-1.66) for vitamin D deficiency and 1.44 (95% CI: 1.24-1.66) for vitamin D
insufficiency [4].

Evidence suggesting a concentration-dependent association has also been reported.
Mehrnabi et al. conducted a dose-response meta-analysis involving 65 observational
studies and 76,394 participants, including 32 prospective studies. Their analysis showed
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that women with the highest circulating 25(OH)D concentrations had a lower risk of
preeclampsia than those in the lowest concentration group (RR 0.67, 95% CI: 0.54-0.83).
Furthermore, the dose-response analysis estimated that every 10 ng/mL increase in
25(OH)D concentration was associated with an RR of 0.86 (95% CI: 0.83-0.90) for
preeclampsia [3]. Thus, the association may involve not only categorical differences in
vitamin D status but also variation in circulating 25(OH)D concentrations.
The findings reported by Yang et al. provide additional support for this association. In their
nested case-control study, 65.6% of women with preeclampsia had serum 25(OH)D
concentrations below 50 nmol/L, compared with 55.3% of women in the control group.
The authors subsequently combined their findings with those from 20 other studies,
resulting in a meta-analysis comprising 39,031 participants and 3,305 preeclampsia cases.
The pooled analysis indicated that lower maternal vitamin D concentrations were
associated with increased odds of preeclampsia (OR 1.62, 95% CI: 1.36-1.94) [8].
Despite these findings, the association between vitamin D status and preeclampsia has
not been demonstrated consistently across all analyses. Zakerinasab et al. evaluated 29
observational studies involving 74,061 participants and found that women with
preeclampsia had lower vitamin D concentrations than those without preeclampsia. The
pooled standardized mean difference was —0.28 (95% CI: —0.39 to —0.17). However, when
vitamin D status was examined using predefined categories, the results did not show
statistically significant associations. The pooled OR was 1.05 (95% CI: 0.78-1.42) for
vitamin D insufficiency and 1.25 (95% CI: 0.89—-1.76) for vitamin D deficiency [5].
Several methodological and population-related factors may contribute to these
differences. The gestational age at which maternal vitamin D was assessed, the criteria used
to classify deficiency or insufficiency, and the laboratory methods used to determine
25(0OH)D concentrations can influence the results. Differences in maternal age, body mass
index, socioeconomic conditions, sunlight exposure, dietary intake, and vitamin D
supplementation may also act as potential confounding factors. In addition, the
predominance of observational evidence limits the interpretation of these findings. An
observed association between low maternal vitamin D status and preeclampsia does not
necessarily indicate a direct causal relationship. Low vitamin D concentrations may coexist
with other maternal, behavioral, or environmental factors that are themselves related to
preeclampsia. Therefore, although the existing evidence supports an association between
maternal vitamin D status and preeclampsia, the extent to which vitamin D itself has a
causal role remains uncertain.

3.2 Mechanisms Linking Vitamin D to Preeclampsia

The possible involvement of vitamin D in preeclampsia can be understood through
several interconnected biological processes, particularly those related to placental
development, angiogenesis, immune regulation, oxidative balance, and vascular function.
The placenta and decidua contain both the vitamin D receptor (VDR) and CYP27B1, an
enzyme involved in the local conversion of vitamin D into its active form. The presence of
these components at the maternal-fetal interface indicates that vitamin D metabolism can
occur locally and may influence placental processes during pregnancy [2].

Normal placentation depends on adequate trophoblast activity and remodeling of the
maternal spiral arteries. In early pregnancy, trophoblasts migrate into the maternal decidua
and contribute to the transformation of spiral arteries into vessels with lower resistance and
greater capacity to accommodate blood flow. Failure of this process may result in
inadequate placental perfusion and is considered an important feature in the development
of preeclampsia. Vitamin D signaling through VDR may affect trophoblast migration and
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function, providing a possible explanation for how inadequate vitamin D status could be
associated with abnormal placentation [2].

Another pathway that may connect vitamin D with preeclampsia is placental
angiogenesis. Appropriate vascular development within the placenta depends on a
coordinated balance between proangiogenic mediators, including vascular endothelial
growth factor (VEGF) and placental growth factor (P1GF), and antiangiogenic mediators
such as soluble fms-like tyrosine kinase-1 (sFlt-1) and soluble endoglin (sEng). In
preeclampsia, this balance is disrupted toward an antiangiogenic state. Vitamin D has been
implicated in the regulation of angiogenic processes, suggesting that inadequate vitamin D
availability may be related to impaired placental vascular development [9]. Consistent with
this possibility, case-control evidence has demonstrated lower vitamin D concentrations in
women with preeclampsia alongside higher levels of antiangiogenic factors, including sFlt-
1 and endoglin [10].

The immunological effects of vitamin D may provide another link to the pathogenesis
of preeclampsia. Maternal immune adaptation during pregnancy must be sufficiently
controlled to support tolerance of the developing fetus without compromising protective
immune responses. Excessive inflammation or inappropriate immune activation may
interfere with placental function and contribute to maternal endothelial injury. Activation
of VDR can modulate multiple immune and inflammatory pathways, indicating that
vitamin D may participate in maintaining the immunological balance required during
pregnancy [2].

Oxidative imbalance may further connect abnormal placentation with the vascular
abnormalities characteristic of preeclampsia. Reduced placental perfusion can promote the
generation of reactive oxygen species (ROS), which may cause oxidative injury and
aggravate endothelial dysfunction. Experimental findings have provided additional
biological support for a potential role of vitamin D in this process. In an animal model of
preeclampsia-like disease, vitamin D supplementation was associated with improved
placental angiogenesis and reduced blood pressure [11]. Nevertheless, because these
observations originate from experimental animal research, they cannot be interpreted as
direct evidence of a causal effect in pregnant women.

Vitamin D has also been proposed to interact with the renin-angiotensin-aldosterone
system (RAAS), which is involved in the regulation of blood pressure and vascular
homeostasis. VDR signaling has been linked to the regulation of renin expression, while
abnormalities in RAAS activity may contribute to elevated blood pressure. In addition,
vitamin D may affect vascular endothelial function and inflammatory processes within the
vasculature. However, evidence directly establishing the relationship among vitamin D,
RAAS activity, and preeclampsia in humans remains limited and inconsistent.

Taken together, the potential relationship between vitamin D and preeclampsia does
not appear to depend on a single biological pathway. Instead, vitamin D may interact with
several processes involved in placental development and maternal vascular adaptation,
including trophoblast invasion, spiral artery remodeling, angiogenesis, immune regulation,
oxidative stress, and vascular function. These mechanisms provide biological plausibility
for an association between vitamin D status and preeclampsia. Nevertheless, because part
of the mechanistic evidence is based on experimental studies, the existence of a direct
causal relationship in humans remains unconfirmed.

3.3 Effect of Vitamin D Supplementation on Preeclampsia
Beyond the observational relationship between maternal vitamin D status and
preeclampsia, research has also examined whether supplementation during pregnancy can
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modify the risk of developing the condition. Several systematic reviews and meta-analyses
have reported a protective association, although the magnitude of the effect has varied
across studies. AlSubai et al. analyzed 34 studies comprising both randomized controlled
trials and observational studies and found that vitamin D supplementation was associated
with lower odds of preeclampsia (OR 0.50, 95% CI: 0.40-0.63) [12].

Evidence from randomized trials has produced similar findings. Fogacci et al. pooled
27 randomized controlled trials involving 4,777 participants and reported an OR of 0.37
(95% CI: 0.26-0.52) for preeclampsia among women receiving vitamin D
supplementation. Their analysis also considered the timing of treatment and found a lower
risk when supplementation was started at or before 20 weeks of gestation (OR 0.35, 95%
CI: 0.24-0.50) [6]. These results raise the possibility that the gestational age at which
supplementation begins may affect its potential preventive effect.

Further evidence was reported in a more recent meta-analysis that included 33
randomized controlled trials and 10,613 participants. Vitamin D supplementation was
associated with a lower incidence of preeclampsia, with a pooled RR of 0.55 (95% CI:
0.43-0.71) [7]. Although this finding is consistent with a potential preventive effect,
differences between individual trials should be considered. The studies varied in
supplementation dose and duration, gestational age at initiation, baseline vitamin D status,
and participant characteristics, all of which may contribute to variation in treatment effects.

Baseline vitamin D status may also influence the response to supplementation. A meta-
analysis of five randomized controlled trials involving 2,461 participants reported an RR
of 0.61 (95% CI: 0.50-0.75) for preeclampsia among women receiving vitamin D
supplementation. The reduction appeared to be more pronounced in women whose baseline
25(OH)D concentration was below 20 ng/mL [13]. This observation suggests that the effect
of supplementation may not be uniform across all pregnant women and could depend partly
on their vitamin D status before treatment.

The timing of supplementation has received particular attention because important
placental developmental processes occur during early pregnancy. A systematic review
examining supplementation initiated during early pregnancy reported potential reductions
in preeclampsia risk, with OR estimates ranging from approximately 0.26 to 0.31 [14].
From a biological perspective, administration during this period could potentially influence
processes such as trophoblast invasion and spiral artery remodeling. However, the clinical
significance of this proposed mechanism requires confirmation through appropriately
designed human studies.

The amount of vitamin D administered represents another variable that may affect
outcomes. A dose-related meta-analysis found that supplementation at doses of <2,000
IU/day was associated with a lower risk of preeclampsia (RR 0.29, 95% CI: 0.09-0.95). In
contrast, a direct comparison between higher and lower doses did not demonstrate a
statistically significant difference [15]. These findings indicate that a higher
supplementation dose cannot automatically be assumed to provide greater protection
against preeclampsia. The effect of supplementation should therefore be considered in
relation to baseline vitamin D status and other maternal characteristics.

Despite the generally favorable results reported in several analyses, evidence from
randomized studies remains heterogeneous. A separate systematic review and meta-
analysis assessing vitamin D supplementation during pregnancy found no statistically
significant reduction in preeclampsia risk, with an RR of 0.81 (95% CI: 0.43-1.53). This
analysis included six trials involving 1,483 participants and reported substantial
heterogeneity together with a high risk of bias in several of the included studies [16]. The
differing results across reviews may reflect variations in baseline vitamin D concentrations,
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supplementation dose, timing and duration of treatment, adherence, participant
characteristics, and study methodology.

Overall, available evidence indicates that vitamin D supplementation during pregnancy
may reduce the risk of preeclampsia, but the findings are not sufficiently consistent to
define a single preventive strategy applicable to all pregnant women. Differences in
baseline vitamin D status, dose, timing of initiation, and population characteristics appear
to be important considerations when interpreting the observed effects. Further well-
designed randomized controlled trials are required to clarify which groups are most likely
to benefit and to establish the appropriate timing and dosage of vitamin D supplementation
for preeclampsia prevention.

4. CONCLUSION

Maternal vitamin D may contribute to reducing the risk of preeclampsia by
influencing several biological processes, including placental development, trophoblast
invasion, angiogenesis, immune responses, oxidative balance, and vascular function.
Findings from observational studies predominantly show an association between
inadequate maternal 25(OH)D levels and an increased likelihood of preeclampsia, although
the magnitude and statistical significance of this relationship differ across studies. Evidence
from meta-analyses of randomized controlled trials further indicates that vitamin D
supplementation during pregnancy may have a protective effect against the development
of preeclampsia. Nevertheless, considerable variation in baseline vitamin D status,
supplementation dosage, initiation time, participant characteristics, and methodological
quality may explain the heterogeneity observed among studies. Thus, although vitamin D
supplementation has potential as an approach to preventing preeclampsia, the available
evidence does not yet support a standardized dose or supplementation schedule specifically
for this purpose. Additional high-quality randomized controlled trials are required to clarify
the most appropriate supplementation regimen and to determine which maternal
populations are most likely to benefit.
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