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Abstract: Background: Vitamin D deficiency is associated with several obstetric complications in
singleton pregnancy. The aim of this study was to assess whether vitamin D levels affect the outcomes
of twin pregnancy and if targeted supplementation can improve perinatal outcomes. Methods:
The serum vitamin D levels of 143 women with twin pregnancies were measured during their first
trimester. Those with insufficient (10–30 ng/mL; IL group) or severely deficient (<10 ng/mL, DL
group) vitamin D levels were supplemented. In the third trimester, vitamin D levels were reassessed.
Perinatal outcomes of the IL and DL groups were compared with those of patients with sufficient
levels (>30 ng/mL, SL group) since the beginning of pregnancy. Results: Women in the IL and DL
groups had a higher incidence of hypertensive disorders of pregnancy (HDP) compared to the SL
group (24.8% and 27.8% vs. 12.5%, p = 0.045): OR = 1.58 for the IL group and 1.94 for the DL group
compared to the SL group. In patients whose vitamin D levels were restored after supplementation,
HDP incidence was lower than in patients who remained in the IL or DL groups (23.4% vs. 27.3%)
but higher than those who were always in the SL group (12.5%). Conclusions: Insufficient or severely
deficient levels of vitamin D in the first trimester are associated with an increased risk of HDP
in twin pregnancy. The beneficial effect of targeted vitamin D supplementation in reducing HDP
seems limited.
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1. Introduction

Twin pregnancy is associated with an increased rate of several maternal complications,
including hypertensive disorders of pregnancy (HDP), preterm birth (PB), gestational dia-
betes mellitus (GDM), and fetal complications like growth restriction (FGR), malformations,
and intertwin birthweight discrepancy [1–4]. Women expecting twins are more likely to
develop vitamin deficiency throughout gestation; therefore, they need specific nutritional
advice in order to follow a correct diet and achieve sufficient intake of both macro- and
micronutrients [5–7].

Vitamin D is a fat-soluble, steroid hormone that acts as a regulator not only of calcium
and bone metabolism but also as a modulator of cell proliferation, differentiation, and
apoptosis [8]. Moreover, vitamin D has been proven to affect and influence several organs,
such as the immune, endocrine, cardiovascular, and neurological systems [9–11].

In singleton pregnancy, it has been reported that vitamin D deficiency is associ-
ated with a higher incidence of obstetrical complications such as HDP, GDM, PB, and
FGR [12–16]. However, there is still a paucity of data about the possible association be-
tween circulating vitamin D levels and perinatal outcomes in twin pregnancies. Recently,
a significant influence of vitamin D deficiency on the risk of both GDM and higher birth
weight discordance between twins was reported [8,17]. Overall, however, the available
studies are heterogeneous and involve a small number of women, and several aspects are
still to be clarified on the matter.
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The aim of the present study was to assess whether vitamin D status in the first
trimester of twin pregnancy affects perinatal outcomes and whether targeted supplementa-
tion could improve the incidence of obstetric and neonatal complications.

2. Materials and Methods

This is a retrospective cohort study. The initial sample of the study comprised women
with twin pregnancies followed up at the Twin Pregnancy Care Unit of Sant’Anna Women’s
Health Hospital in Turin (Italy) between January 2020 and December 2023.

In the considered time period, a sample of 332 women with twin pregnancies were
screened at our institution; among them, 189 were excluded for the following reasons: pre-
existing diabetes mellitus and/or chronic hypertension, abnormal absorption (i.e., gastric
bypass or celiac disease), spontaneous miscarriage, selective fetal reduction or elective
termination of pregnancy, fetal aneuploidy, referral to our center after 14 weeks of gestation,
delivery at another hospital, and insufficient data availability.

After careful application of the exclusion criteria, 143 women with twin pregnancies
were finally included in the study; during pregnancy, all women were followed up by
a team made up of four obstetricians who applied the following follow-up protocol, specific
to twin pregnancies: clinical management of these women was based on monthly visits,
during which blood pressure was measured and lab exams (blood count, urine test and
culture, and serology for the main prenatal infections) were prescribed; the women also
underwent a cervico-vaginal swab to screen for genital tract infections. During the first visit
to our center, all women received detailed counseling regarding the peculiarities of twin
pregnancy, explaining the heightened risk of maternal, fetal, and neonatal complications,
as well as the follow-up protocol; also, they were informed about the possibility and limits
of screening tests for fetal aneuploidy and counseled regarding the option to undergo
invasive diagnosis. As per our protocol for the management of twin pregnancies, all
women received oral low-dose acetylsalicylic acid (ASA) (100 mg a day) with the aim
of preventing HDP, started before 16 weeks of gestation. All women in our cohort also
received dietary recommendations from our professional nutritionists in order to reach
appropriate weight gain and achieve a balanced diet leading to the correct intake of macro-
and micronutrients.

As regards ultrasound monitoring, chorionicity was diagnosed in the first trimester
by applying standard ultrasonographic (US) criteria [2], such as the presence of a T or
lambda sign; however, chorionicity was confirmed after birth via post-partum placental
examination. Serial growth-assessing US examinations every 4 weeks starting from week
20 were offered to all women with uncomplicated dichorionic twin pregnancies, while
women with monochorionic twin pregnancies received US examinations every 2 weeks
from week 16. As recommended [2], the US assessment of monochorionic twin pregnancies
included measurement of the amount of amniotic fluid and Doppler velocimetry of the
umbilical and middle cerebral arteries. Obviously, in the case of anomalies, US scans were
scheduled more frequently. As recommended, at 19–21 weeks, a US scan assessing for
detailed anatomy was performed; in addition, because of their increased risk of heart de-
fects, women with monochorionic twin pregnancies also underwent a fetal echocardiogram.
As international guidelines recommend [4], in women with uncomplicated dichorionic
twin pregnancies, elective birth was scheduled between 37 + 0 and 37 + 6 weeks, whereas
delivery in women with uncomplicated monochorionic twin pregnancies was planned
between 36 + 0 and 36 + 6 weeks.

Gestational hypertensive disorders were defined as the sum of women with gesta-
tional hypertension (blood pressure higher than 140 mmHg systolic or 90 mmHg diastolic
after 20 weeks of pregnancy) and women presenting with pre-eclampsia, i.e., gestational
hypertension associated with proteinuria ≥300 mg/day, with or without organ damage
(renal, hepatic, neurological, or hematological). Blood pressure was assessed during clinical
examinations at least once a month while the woman was sitting quietly in an upright
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position; it was measured with the use of a manual sphygmomanometer, with the arm cuff
positioned at heart level.

Circulating vitamin D levels were determined in the first trimester. Blood samples
were collected via venipuncture into Vacutainer tubes (6.0 mL volume) containing a serum
clot activator; determination of vitamin D was then performed using chemiluminescence
immunoassay (CLIA). Vitamin D serum levels were classified as sufficient (>30 ng/mL),
insufficient (10–30 ng/mL, IL), or severely deficient (<10 ng/mL, DL). When an insufficient
or severely deficient serum level was detected, 25.000 U.I./2.5 mL oral solution containing
0.625 mg of cholecalciferol/vitamin D3 was administered once a week for a month and then
once every two weeks. In the third trimester, circulating vitamin D levels were re-assessed.

Because of anonymous data collection and the study’s retrospective nature, the study
was deemed exempt from approval by the local institutional review board. It fully adheres
to the World Medical Association Declaration of Helsinki (as revised in 2013) and complies
with the ethical standards of national and institutional committees on human experimen-
tation. Written informed consent for the use of personal information was obtained from
every participant in written form at the time of the first visit.

Statistics

SPSS Statistical analysis software by SPSS Statistics Inc. IBM Corp—Armonk, NY,
USA—(Released 2021; IBM SPSS Version 29.1) was used to analyze the data.

We compared the perinatal outcomes of women with sufficient circulating vitamin D
levels in the first trimester (S group) vs. those of women with insufficient levels (I group)
or severely deficient levels in the first trimester (SD group). After targeted vitamin D
exogenous supplementation (performed only in I and SD cases), we repeated the same
comparison in the third trimester. Parametric variables were compared using the two-tailed
Student’s t-test, while non-parametric variables were compared with the Mann–Whitney
U test; categorical data were compared by χ2 or Fisher’s exact tests. Adjusted odd ratios
(aORs) were calculated for categorical data using binomial logistic (multivariate) regression
analysis to correct for confounding factors such as maternal age, ethnicity, and mode of
conception. A p-value < 0.05 was considered statistically significant.

3. Results

A sample of 143 women with twin pregnancies were followed up at the Twin Preg-
nancy Care Unit of Sant’Anna Women’s Health Hospital in Turin (Italy) and included in
the study. Their basal clinical characteristics as well as the overall incidence of pregnancy
complications appear in Table 1. Most non-Caucasian women in our population were
North African (mainly Moroccan or Egyptian).

Women with severe vitamin D deficiency (SD group) or insufficiency (I group) were
significantly younger, less frequently nulliparous, and less frequently Caucasian; they
conceived spontaneously more frequently, while women with sufficient vitamin D levels
(S group) more frequently conceived using medically assisted reproduction (Table 2). No
difference in maternal BMI and chorionicity was found between the three groups (Table 2).

Table 3 shows the perinatal outcomes of the women divided into three groups ac-
cording to circulating vitamin D levels in the first trimester. Hypertensive disorders of
pregnancy (HDP) were significantly more frequent in women with severely deficient (SD
group) or insufficient levels (I group) of vitamin D than in those with sufficient levels (S
group). Multivariate analysis, performed to control for confounding factors such as mater-
nal age, BMI, ethnicity, and parity, confirmed a significant association between insufficient
or severely deficient first-trimester circulating vitamin D levels and HDP, with aOR = 1.58
for I group vs. S group (95% confidence interval: 1.23–2.12), and aOR = 1.94 for SD group
vs. S group (95% confidence interval 1.52–3.61) (Table 3).
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Table 1. Maternal characteristics of the 143 women included in the study and the overall incidence
of some pregnancy complications. Data are shown as mean ± SD or as number and percentage (in
parenthesis). BMI = Body Mass Index; GDM = gestational diabetes mellitus; HDP = hypertensive
disorders of pregnancy; FGR = fetal growth restriction.

Population Characteristic/
Pregnancy Outcome Statistics

Maternal age (years) 34.1 ± 5.3
BMI (kg/m2) 23.5 ± 4.8
Nulliparity 73 (51.0%)

Spontaneously conceived pregnancy 114 (79.7%)
Caucasian ethnicity 120 (83.9%)

Dichorionicity 79 (55.2%)
GDM 35 (24.5%)
HDP 33 (23.1%)

Gestational age at birth (weeks) 34.9 ± 2.3
FGR 23 (16.1%)

Delivery by cesarean section 101 (70.6%)
Birth weight (g) 2256 ± 480

Birth weight discordance between twins (%) 8.3 ± 4.4

Table 2. Maternal characteristics of the women included in the study divided by circulating vitamin
D level in the first trimester. Data are shown as the mean ± SD or as the number and percentage
(in parenthesis); p-values for categorical data refer to the analysis of distribution in all three groups.
* = S group vs. I group, ** = S group vs. SD group, *** = I group vs. SD group. BMI = Body Mass
Index; ns = non-significant.

Sufficient Level
(S Group; n = 24)

Insufficient Level
(I Group; n = 101)

Severely Deficient Level
(SD Group; n = 18) p-Value

Maternal age (years) 36.2 ± 4.6 34.2 ± 4.9 31.4 ± 5.6 ** 0.022
*,*** ns

BMI (kg/m2) 22.4 ± 3.3 23.5 ± 5.0 25.8 ± 6.6 ns

Nulliparity 18 (75.0%) 51 (50.5%) 4 (22.2%) 0.016

Spontaneous pregnancy 13 (54.2%) 84 (83.2%) 17 (94.4%) 0.038

Caucasian ethnicity 24 (100.0%) 90 (89.1%) 6 (33.3%) <0.001

Dichorionicity 14 (58.3%) 55 (54.5%) 10 (55.6%) ns

In the third trimester, after vitamin D supplementation was given throughout preg-
nancy to both the I group and SD group, 5 women were still severely deficient (SD–II group;
3.5%), 50 had insufficient levels (I–III group; 35.0%), and 88 had sufficient levels (S–III
group; 61.5%). Table 4 shows the perinatal outcomes according to circulating vitamin D
level in the third trimester. No significant difference was found between the three groups.

Table 5 shows the comparison among patients who had sufficient circulating vitamin D
levels since the beginning of their pregnancy (S group, n = 24) vs. those who had insufficient
or severely deficient levels in the first trimester (I/SD group; n = 119) and received vitamin
D supplementation. Among the latter, some patients returned to sufficient vitamin D
levels in the third trimester (I/SD-to-S; n = 64), whereas others did not, remaining with
insufficient or deficient levels (I/SD-always; n = 55). Interestingly enough, the incidence
of HDP was higher in the I/SD-always group than in the I/SD-to-S group (27.3% and
23.4%, respectively), although both groups had a higher incidence than the S group (12.5%;
p = 0.046) (Table 5).
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Table 3. Comparison of perinatal outcomes according to circulating vitamin D level in the first
trimester. Data are shown as the mean ± SD or as the number and percentage (in parenthesis);
p-values for categorical data refer to the analysis of distribution in all three groups. GDM = gestational
diabetes mellitus; HDP = hypertensive disorders of pregnancy; FGR = fetal growth restriction;
ns = non-significant.

Sufficient Level
(S Group; n = 24)

Insufficient Level
(I Group; n = 101)

Severely Deficient Level
(SD Group; n = 18) p-Value

GDM 6 (25.0%) 26 (25.7%) 3 (16.7%) ns

HDP 3 (12.5%) 25 (24.8%) 5 (27.8%) 0.045

Gestational age at birth (weeks) 35.0 ± 1.6 34.7 ± 2.3 35.7 ± 1.1 ns

FGR 6 (25%) 14 (13.9%) 3 (16.7%) ns

Delivery by cesarean section 16 (66.7%) 73 (72.3%) 12 (66.7%) ns

Birth weight (g) 2207 ± 422 2201 ± 449 2308 ± 322 ns

Birth weight discordance (%) 12.6 ± 6.3 9.3 ± 4.6 10.5 ± 5.8 ns

Table 4. Comparison of perinatal outcomes according to circulating vitamin D level in the third
trimester. Data are shown as the mean ± SD or as the number and percentage (in parenthe-
sis); p-values for categorical data refer to the analysis of the distribution in all three groups.
GDM = gestational diabetes mellitus; HDP = hypertensive disorders of pregnancy; IUGR = intrauterine
growth restriction; ns = non-significant.

Sufficient Level
(S–III Group;

n = 88)

Insufficient Level
(I–III Group;

n = 50)

Severely Deficient Level
(SD–III Group; n = 5) p-Value

GDM 21 (23.9%) 14 (28.0%) 0 ns

HDP 18 (20.5%) 15 (30.0%) 0 ns

Gestational age at birth (weeks) 35.4 ± 1.6 35.2 ± 1.1 36.0 ± 1.2 ns

FGR 13 (14.8%) 10 (20.0%) 0 ns

Delivery by cesarean section 62 (70.5%) 36 (72.0%) 3 (60.0%) ns

Birth weight (g) 2339 ± 344 2286 ± 433 2490 ± 281 ns

Birth weight discordance (%) 9.7 ± 4.6 9.8 ± 5.7 12.2 ± 6.1 ns

Table 5. Comparison of perinatal outcomes according to circulating vitamin D level: S group = patients
with sufficient levels since the first trimester; I/SD-to-S group = patients with insufficient or severely
deficient levels in the first trimester who became sufficient in the third trimester after Vit D supple-
mentation; I/SD-always group = patients with insufficient or severely deficient levels in the first
trimester who did not become sufficient in the third trimester despite Vit D supplementation. GDM
= gestational diabetes mellitus; HDP = hypertensive disorders of pregnancy; IUGR = intrauterine
growth restriction; ns = non-significant. p-values for categorical data refer to the analysis of the
distribution in all three groups.

S Group
(n = 24)

I/SD-to-S Group
(n = 64)

I/SD-Always Group
(n = 55) p-Value

GDM 6 (25%) 15 (23.4%) 14 (25.5%) ns

HDP 3 (12.5%) 15 (23.4%) 15 (27.3%) 0.046

Gestational age at birth (weeks) 35.0 ± 1.6 35.5 ± 1.5 35.3 ± 1.3 ns
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Table 5. Cont.

S Group
(n = 24)

I/SD-to-S Group
(n = 64)

I/SD-Always Group
(n = 55) p-Value

FGR 16 (66.7%) 46 (71.9%) 39 (70.9%) ns

Delivery by cesarean section 6 (25%) 7 (10.9%) 10 (18.2%) ns

Birth weight (g) 2207 ± 422 2381 ± 423 2172 ± 358 ns

Birth weight discordance (%) 12.6 ± 6.3 9.3 ± 3.1 12.0 ± 3.8 ns

4. Discussion

Vitamin D deficiency is rather frequent in the general population, and even more
common in pregnant women, making this condition a public health issue.

In our sample of women pregnant with twins, the rate of severe vitamin D deficiency
or insufficiency reached 83.2% (119/143), a prevalence comparable to that reported in sin-
gleton pregnancies [18–20] but higher than previously found in multiple pregnancies [8,17].
Indeed, vitamin D status is influenced by many factors including maternal age, BMI,
and dietary habits; it can also change based on season, latitude, skin pigmentation, and
skin coverage [21,22]. In our population, women with severe vitamin D deficiency or
insufficiency were younger, less often nulliparous, and more frequently non-Caucasian;
this finding is coherent with the fact that population characteristics (especially age and
skin pigmentation) influence vitamin D status. It should also be considered that most
non-Caucasian women in our population were North African, and these women often
cover most of their skin for religious or cultural reasons, thus reducing sun exposure; this,
together with darker skin pigmentation on average, could justify the high incidence of
non-Caucasian women with severe vitamin D deficiency or insufficiency. Moreover, only
half of the women with sufficient vitamin D levels in our sample had a spontaneously
conceived pregnancy; indeed, women undergoing medically assisted reproduction (MAR)
are often checked for vitamin D levels before treatment and, if necessary, pharmacologi-
cally supplemented, since an association between vitamin D deficiency and spontaneous
miscarriage or reduced MAR success rate has been reported [23–25].

It must also be considered that cutoffs for normal serum vitamin D values may slightly
vary among studies and international guidelines, affecting the proportion of subjects
with sufficient levels; a concentration of circulating vitamin D < 30 ng/mL is regarded as
lower than normal by most authors [26–30]. The most frequently reported cutoffs are the
following: >30 ng/mL represents a sufficient level, between 20 and 30 ng/mL is regarded
as insufficiency, and <20 ng/mL is regarded as deficiency [28]. In the present study, in order
to enhance differences, we decided to consider a level <10 ng/mL as real, severe deficiency
and to include patients with a level between 10 and 20 ng/mL in the insufficiency group.
A recent study contributed to this choice: it found a significant difference in vitamin D
concentration between singleton and multiple pregnancies, showing that, surprisingly,
women carrying twins have higher serum vitamin D levels than those with singleton
pregnancies [31]. The authors suggested that new normality ranges, specific to twin
pregnancy, should be evaluated [31].

Overall, our data show that vitamin D insufficiency or severe deficiency in the
first trimester of twin pregnancy is related to a higher incidence of gestational hyper-
tensive disorders (HDP), similar to what has been previously reported for singleton
pregnancy [12,16,22,32–35]. In particular, women presenting severe vitamin D deficiency
or insufficiency in the first trimester had an about 2-fold and 1.5-fold increased incidence of
HDP, respectively, compared to those who were vitamin D sufficient from the first trimester.
Of note, these data were observed despite all women being given low-dose (100 mg a day)
acetylsalicylic acid (ASA) since the beginning of pregnancy.

Targeted vitamin D supplementation decreased the proportion of insufficient and
severely deficient women, which was lower in the third trimester; however, some deficient



Nutrients 2024, 16, 2239 7 of 10

and insufficient women were still detected, as a possible consequence of low compliance
with supplementation, decreased absorption, skin type, etc.; these women (IL/DL-always
group) still had a significantly higher incidence of HDP in comparison with those with
sufficient vitamin D levels since the beginning of pregnancy (S group). Interestingly
enough, women with insufficient or severely deficient levels in the first trimester who
became sufficient in the third trimester, after vitamin D supplementation (I/SD-to-S group),
also had a higher rate of HDP in comparison with those who were always sufficient
(S group).

Our findings suggest that circulating vitamin D levels in the first trimester, and
possibly even in the periconceptional period, could be crucial in determining the subse-
quent risk of HDP. Indeed, several authors have reported that vitamin D is important,
especially in the early stages of pregnancy, and could play a role in implantation and
placentation [36]; to confirm this idea, it has been demonstrated that the placenta is one
of the main sites of conversion of the inactive precursor 25(OH)-D3 into the active form
of vitamin D (1,25(OH)2-vitamin D). The key enzyme for this metabolic reaction is 1a-
hydroxylase (CYP27B1), which has been shown to have high activity both in maternal
decidua and fetal trophoblast [37,38]. Recently, it was reported that vitamin D stimulates
human extravillous trophoblast invasion in vitro [39], has a crucial role in regulating decid-
ual immunity, promotes antibacterial functions of the innate immune system, suppresses
adverse inflammatory responses, and controls local inflammation [40–42]. In women with
pre-eclampsia, DNA hyper-methylation in some key placental genes involved in vitamin
D signaling has also been reported, suggesting that reduced placental vitamin D transfer,
limiting the substrate required for implantation and early placental development, could
contribute to the onset of pre-eclampsia [34].

Our data suggest that vitamin D supplementation might be associated with a slight,
non-significant reduction in the incidence of HDP in twin pregnancies, though it seems
that vitamin D levels in the first trimester are more significantly associated with this
outcome. To the best of our knowledge, this is the first study to report on targeted vitamin
D supplementation in twin pregnancy; other studies, but not all [41], have found a positive
effect of vitamin D supplementation in reducing the risk of HDP in singleton pregnancy,
especially when initiated before 20 weeks of gestation [35,43–46]. Furthermore, our data
do not confirm the presence of an association between vitamin D status and the risk of
GDM, nor a positive effect of vitamin D supplementation in reducing the incidence of GDM.
Other studies have found an association between vitamin D status and GDM in singleton
pregnancies [15,16,22,47,48] and in twin pregnancies [17]. Vitamin D supplementation in
the periconceptional period or during singleton pregnancy has been proposed by a few
studies [49–51]. Overall, further studies are needed to better clarify the role of vitamin D
administration in preventing obstetrical and perinatal complications in twin pregnancy.

Limitations of the present study include the lack of precise information regarding the
season in which vitamin D was measured, although it is likely that our cases were homo-
geneously distributed throughout the whole year, and the fact that this is a retrospective
study. Also, it would have been interesting to evaluate vitamin D status in newborn twins,
since a direct connection with maternal vitamin D levels has been reported [8]. On the
other hand, the strengths of this study are that the sample size is bigger than that of other
previously published studies [8,17], as well as the consistency in pregnancy management,
criteria, and mode of vitamin D supplementation.

5. Conclusions

In conclusion, the present study shows that vitamin D insufficiency or severe defi-
ciency in the first trimester is significantly associated with a higher incidence of HDP in
twin pregnancy; this finding may suggest considering a periconceptional measurement of
circulating vitamin D level and, when needed, targeted supplementation in order to avoid
vitamin D severe deficiency or insufficiency in early pregnancy. The beneficial effect of
vitamin D-targeted supplementation during the second and third trimesters of pregnancy
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appears limited and not very effective in significantly reducing the incidence of HDP
in twin pregnancies. Still, assessing circulating vitamin D levels in the first trimester of
pregnancy and giving targeted supplementation may be worthwhile in order to partly
reduce the incidence of HDP and monitor mothers with twin pregnancies with low vitamin
D levels and increased risk more strictly, thus leading to a prompt diagnosis and treatment
of this complication.
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Vitamin D status in mothers with pre-eclampsia and their infants: A case-control study from Serbia, a country without a vitamin
D fortification policy. Public Health Nutr. 2017, 20, 1825–1835. [CrossRef] [PubMed]

34. Anderson, C.M.; Ralph, J.L.; Johnson, L.; Scheett, A.; Wright, M.L.; Taylor, J.Y.; Ohm, J.E.; Uthus, E. First trimester vitamin D status
and placental epigenomics in preeclampsia among Northern Plains primiparas. Life Sci. 2015, 129, 10–15. [CrossRef] [PubMed]

35. AlSubai, A.; Baqai, M.H.; Agha, H.; Shankarlal, N.; Javaid, S.S.; Jesrani, E.K.; Golani, S.; Akram, A.; Qureshi, F.; Ahmed, S.; et al.
Vitamin D and preeclampsia: A systematic review and meta-analysis. SAGE Open Med. 2023, 11, 20503121231212093. [CrossRef]
[PubMed]

36. Mirzakhani, H.; Litonjua, A.A.; McElrath, T.F.; O’Connor, G.; Lee-Parritz, A.; Iverson, R.; Macones, G.; Strunk, R.C.; Bacharier,
L.B.; Zeiger, R.; et al. Early pregnancy vitamin D status and risk of preeclampsia. J. Clin. Invest. 2016, 126, 4702–4715. [CrossRef]
[PubMed]

37. Gray, T.K.; Lester, G.E.; Lorenc, R.S. Evidence for extra-renal 1 alpha-hydroxylation of 25-hydroxyvitamin D3 in pregnancy.
Science 1979, 204, 1311–1313. [CrossRef] [PubMed]

38. Zehnder, D.; Evans, K.N.; Kilby, M.D.; Bulmer, J.N.; Innes, B.A.; Stewart, P.M.; Hewison, M. The ontogeny of 25-hydroxyvitamin
D(3) 1alpha-hydroxylase expression in human placenta and decidua. Am. J. Pathol. 2002, 161, 105–114. [CrossRef] [PubMed]

39. Chan, S.Y.; Susarla, R.; Canovas, D.; Vasilopoulou, E.; Ohizua, O.; McCabe, C.J.; Hewison, M.; Kilby, M.D. Vitamin D promotes
human extravillous trophoblast invasion in vitro. Placenta 2015, 36, 403–409. [CrossRef]

40. Liu, N.Q.; Kaplan, A.T.; Lagishetty, V.; Ouyang, Y.B.; Ouyang, Y.; Simmons, C.F.; Equils, O.; Hewison, M. Vitamin D and the
regulation of placental inflammation. J. Immunol. 2011, 186, 5968–5974. [CrossRef] [PubMed]

41. Tamblyn, J.A.; Hewison, M.; Wagner, C.L.; Bulmer, J.N.; Kilby, M.D. Immunological role of vitamin D at the maternal-fetal
interface. J. Endocrinol. 2015, 224, R107–R121. [CrossRef]

42. Ribeiro, V.R.; Romao-Veiga, M.; Nunes, P.R.; Matias, M.L.; Peracoli, J.C.; Serrao Peracoli, M.T. Vitamin D modulates the
transcription factors of T cell subsets to anti-inflammatory and regulatory profiles in preeclampsia. Int. Immunopharmacol. 2021,
101, 108366. [CrossRef]

https://doi.org/10.1186/s12937-024-00944-2
https://www.ncbi.nlm.nih.gov/pubmed/38594739
https://doi.org/10.1371/journal.pone.0195700
https://www.ncbi.nlm.nih.gov/pubmed/29689109
https://doi.org/10.1089/jwh.2008.0954
https://www.ncbi.nlm.nih.gov/pubmed/19514825
https://doi.org/10.1093/jn/137.2.447
https://doi.org/10.1590/S0004-27302006000400009
https://doi.org/10.1016/j.jogc.2019.09.013
https://www.ncbi.nlm.nih.gov/pubmed/31874818
https://doi.org/10.1016/j.placenta.2020.01.013
https://www.ncbi.nlm.nih.gov/pubmed/32056782
https://doi.org/10.1093/humrep/dez170
https://www.ncbi.nlm.nih.gov/pubmed/31665286
https://doi.org/10.31128/AJGP-02-18-4485
https://www.ncbi.nlm.nih.gov/pubmed/30114868
https://doi.org/10.17226/13050
https://doi.org/10.1210/jc.2011-0385
https://www.ncbi.nlm.nih.gov/pubmed/21646368
https://doi.org/10.1056/NEJMra070553
https://www.ncbi.nlm.nih.gov/pubmed/17634462
https://doi.org/10.1016/j.autrev.2010.02.011
https://doi.org/10.1007/s00223-019-00559-4
https://doi.org/10.1093/labmed/lmad005
https://doi.org/10.1016/j.preghy.2019.01.003
https://doi.org/10.1017/S1368980016000409
https://www.ncbi.nlm.nih.gov/pubmed/27087002
https://doi.org/10.1016/j.lfs.2014.07.012
https://www.ncbi.nlm.nih.gov/pubmed/25050465
https://doi.org/10.1177/20503121231212093
https://www.ncbi.nlm.nih.gov/pubmed/38020794
https://doi.org/10.1172/JCI89031
https://www.ncbi.nlm.nih.gov/pubmed/27841759
https://doi.org/10.1126/science.451538
https://www.ncbi.nlm.nih.gov/pubmed/451538
https://doi.org/10.1016/S0002-9440(10)64162-4
https://www.ncbi.nlm.nih.gov/pubmed/12107095
https://doi.org/10.1016/j.placenta.2014.12.021
https://doi.org/10.4049/jimmunol.1003332
https://www.ncbi.nlm.nih.gov/pubmed/21482732
https://doi.org/10.1530/JOE-14-0642
https://doi.org/10.1016/j.intimp.2021.108366


Nutrients 2024, 16, 2239 10 of 10

43. Ali, A.M.; Alobaid, A.; Malhis, T.N.; Khattab, A.F. Effect of vitamin D3 supplementation in pregnancy on risk of pre-eclampsia—
Randomized controlled trial. Clin. Nutr. 2019, 38, 557–563. [CrossRef]

44. Xiaomang, J.; Yanling, W. Effect of vitamin D3 supplementation during pregnancy on high risk factors—A randomized controlled
trial. J. Perinat. Med. 2020, 49, 480–484. [CrossRef]

45. Dahma, G.; Reddy, G.; Craina, M.; Dumitru, C.; Popescu, A.; Stelea, L.; Neamtu, R.; Gluhovschi, A.; Nitu, R.; Maghiari, A.L.; et al.
The Effects of Vitamin D Supplementation before 20 Weeks of Gestation on Preeclampsia: A Systematic Review. J. Pers. Med. 2023,
13, 996. [CrossRef]

46. Lo, A.C.Q.; Lo, C.C.W. Vitamin D supplementation and incident preeclampsia: An updated meta-analysis of randomized clinical
trials. Clin. Nutr. 2022, 41, 1852–1853. [CrossRef]

47. Mosavat, M.; Arabiat, D.; Smyth, A.; Newnham, J.; Whitehead, L. Second-trimester maternal serum vitamin D and pregnancy
outcome: The Western Australian Raine cohort study. Diabetes Res. Clin. Pract. 2021, 175, 108779. [CrossRef]

48. Walsh, M.; Bärebring, L.; Augustin, H. Avoiding maternal vitamin D deficiency may lower blood glucose in pregnancy. J. Steroid
Biochem. Mol. Biol. 2019, 186, 117–121. [CrossRef]

49. De-Regil, L.M.; Palacios, C.; Ansary, A.; Kulier, R.; Peña-Rosas, J.P. Vitamin D supplementation for women during pregnancy.
Cochrane Database Syst. Rev. 2012, 15, CD008873. [CrossRef]

50. Palmrich, P.; Thajer, A.; Schirwani, N.; Haberl, C.; Zeisler, H.; Ristl, R.; Binder, J. Longitudinal Assessment of Serum 25-Hydroxyvitamin
D Levels during Pregnancy and Postpartum-Are the Current Recommendations for Supplementation Sufficient? Nutrients 2023,
15, 339. [CrossRef]

51. Abdelmageed, R.M.; Hussein, S.M.M.; Anamangadan, S.M.; Abdullah, R.W.M.; Rauf, L.; AlFehaidi, A.S.; Hamed, E. Prospective
cohort study of vitamin D deficiency in pregnancy: Prevalence and limited effectiveness of 1000 IU vitamin D supplementation.
Womens Health 2024, 20, 17455057231222404. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1016/j.clnu.2018.02.023
https://doi.org/10.1515/jpm-2020-0318
https://doi.org/10.3390/jpm13060996
https://doi.org/10.1016/j.clnu.2022.06.017
https://doi.org/10.1016/j.diabres.2021.108779
https://doi.org/10.1016/j.jsbmb.2018.10.003
https://doi.org/10.1002/14651858.CD008873.pub2
https://doi.org/10.3390/nu15020339
https://doi.org/10.1177/17455057231222404
https://www.ncbi.nlm.nih.gov/pubmed/38282449

	Introduction 
	Materials and Methods 
	Results 
	Discussion 
	Conclusions 
	References

