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Abstract: Studies suggest that non-pregnant women with polycystic ovary syndrome (PCOS) may be at
elevated risk of 25 hydroxyvitamin D (25(OH)D) deficiency. Furthermore, there is evidence suggesting
that 25(OH)D may also play an important role during pregnancy. Data regarding 25(OH)D deficiency
during pregnancy in PCOS patients and its association with perinatal outcome is scarce. The aim of
the study was to investigate whether mothers with and without PCOS have different 25(OH)D levels
at term, how maternal 25(OH)D levels are reflected in their offspring, and if 25(OH)D levels are
associated with an adverse perinatal outcome. Therefore, we performed a cross-sectional observa-
tional study and included 79 women with PCOS according to the ESHRE/ASRM 2003 definition
and 354 women without PCOS and an ongoing pregnancy ≥ 37 + 0 weeks of gestation who gave
birth in our institution between March 2013 and December 2015. Maternal serum and cord blood
25(OH)D levels were analyzed at the day of delivery. Maternal 25(OH)D levels did not differ sig-
nificantly in women with PCOS and without PCOS (p = 0.998), nor did the 25(OH)D levels of their
respective offspring (p = 0.692). 25(OH)D deficiency (<20 ng/mL) was found in 26.9% and 22.5% of
women with and without PCOS (p = 0.430). There was a strong positive correlation between maternal
and neonatal 25(OH)D levels in both investigated groups (r ≥ 0.79, p < 0.001). Linear regression
estimates of cord blood 25(OH)D levels are about 77% of serum 25(OH)D concentrations of the mother.
Compared to healthy controls, the risk for maternal complications was increased in PCOS women
(48% vs. 65%; p = 0.009), while there was no significant difference in neonatal complications (22% and
22%; p = 1.0). However, 25(OH)D levels were similar between mothers and infants with and without
perinatal complications. Although the share of women and infants with 25(OH)D deficiency was high
in women with PCOS and without PCOS, it seems that the incidence of adverse perinatal outcome
was not affected. The long-term consequences for mothers and infants with a 25(OH)D deficiency
have to be investigated in future studies.

Keywords: polycystic ovary syndrome PCOS; vitamin D; 25(OH)D

1. Introduction

Polycystic ovary syndrome (PCOS) is a heterogeneous endocrine disorder which
affects several body systems and leads to reproductive and metabolic complications [1–5].
We previously demonstrated that the risk for maternal complications during pregnancy
was increased in PCOS patients as compared with healthy controls [4]. Complications in-
clude gestational diabetes, pregnancy-induced hypertension (PIH), pre-eclampsia, preterm
delivery, and an increased risk for caesarean section [4–7]. The offspring of PCOS women,

J. Clin. Med. 2021, 10, 537. https://doi.org/10.3390/jcm10030537 https://www.mdpi.com/journal/jcm

https://www.mdpi.com/journal/jcm
https://www.mdpi.com
https://orcid.org/0000-0001-8528-4759
https://orcid.org/0000-0002-7359-4853
https://doi.org/10.3390/jcm10030537
https://doi.org/10.3390/jcm10030537
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3390/jcm10030537
https://www.mdpi.com/journal/jcm
https://www.mdpi.com/2077-0383/10/3/537?type=check_update&version=2


J. Clin. Med. 2021, 10, 537 2 of 9

on the other hand, is affected by higher intensive care unit (ICU) admission rates and lower
birth weight [7]. The underlying etiology remains unclear; however, obesity, maternal
hyperandrogenism, insulin resistance, and metabolic and hormonal abnormalities, which
appear to vary across PCOS phenotypes, could play a crucial role [5].

There is some evidence showing that low serum 25 hydroxyvitamin D (25[OH]D) levels
may be additional risk factors for hypertensive disorders in pregnancy such as pre-
eclampsia, PIH, and gestational diabetes [8–17]. 25(OH)D deficiency is more frequent
in PCOS patients, at least in non-pregnant cohorts [18,19]. It was, therefore, suspected
that 25(OH)D deficiency may also be frequently present in pregnant women with PCOS
and add to the increased rate of perinatal complications in this population. Since the
mother is the only source of 25(OH)D for the fetus, a high correlation of maternal and
cord blood 25(OH)D concentration is usually found. One study suggests that cord blood
25(OH)D levels are about 50 to 80% of serum 25(OH)D concentrations of the mother [20].
Data suggest that in pregnancy, the role of the 25(OH)D system becomes particularly
important for immunomodulation of the maternal-fetal interface and that low serum
25(OH)D levels are associated with some adverse perinatal outcomes [21–29].

Herein, we aimed to investigate whether mothers with and without PCOS have
different 25(OH)D levels at term and how 25(OH)D levels in PCOS patients and their
offspring are associated with perinatal outcome.

2. Materials and Methods
2.1. Study Design

This cross-sectional observational study was performed at a single academic tertiary
hospital (Department of Obstetrics and Gynecology, Medical University of Graz, Austria)
between March 2013 and December 2015.

2.2. Ethical Approval

The institutional review board approved the study (ethics committee at the Medical
University of Graz, Austria; 24-179ex11/12) and written informed consent was provided
by all participants.

2.3. Participants

Women with PCOS according to the ESHRE/ASRM 2003 definition [30] and women
without PCOS and an ongoing pregnancy ≥ 37 + 0 weeks of gestation were invited to
participate. Diagnosis of PCOS was previously described [31]. Only singleton pregnancies
were included, and patients with severe comorbidities (neurodegenerative, immune me-
diated, cardiovascular, or infectious disease), suspected abnormal placentation (placenta
accreta, increta, or percreta), placenta previa, previous vertical uterine incision, a history of
major abdominal surgery, or known fetal malformations were excluded.

2.4. Outcome Measures

Primary outcome parameters were maternal and neonatal (i.e., cord blood) 25(OH)D levels
at delivery. Secondary outcome parameter was the perinatal complication rate in women and
newborns and its association with maternal and neonatal 25(OH)D levels. Perinatal complica-
tion was a binary composite outcome consisting of gestational diabetes, PIH, pre-eclampsia, or
operative delivery for the mother and small for gestational age, large for gestational age, fetal
growth restriction, fetal acidosis, or intensive care unit admission for the newborn. Data on
androgens and Anti-Mullerian Hormone (AMH) concentrations in the same population were
recently published [31].

2.5. Data Sources/Measurement

Blood samples were collected from the mother and neonate within the first 5 min after
delivery. For the neonate mixed umbilical cord blood was used. Laboratory kits and assays
did not change from 2013 to 2015. 25(OH)D (normal range 30–60 ng/mL) was measured
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daily based using a commercially available ELISA (Immunodiagnostic Systems GmbH,
Frankfurt am Main, Germany) with intra- and inter-assay coefficients of variation (CV) of
5.6 and 6.4%, respectively.

Definitions used of gestational diabetes, PIH, pre-eclampsia, operative delivery, small
for gestational age, large for gestational age, fetal growth restriction, and fetal acidosis have
been previously described [4]. 25(OH)D deficiency was defined as levels < 20 ng/mL [32].

2.6. Sample Size

It was estimated that 350 non-PCOS and 35 PCOS patients were sufficient to detect
differences between the two groups for effect sizes of at least 0.5 with a significance level of
5% and a power of 80%. A data quality check after one year of recruitment revealed that
more patients than expected had to be excluded due to comorbidities and that cord blood
analysis was not feasible in some cases due to insufficient material. We therefore planned
to recruit at least 80 PCOS patients and 420 non-PCOS patients.

2.7. Statistical Methods

The current analysis is a cross-sectional analysis of a previously published prospective
cohort study 31. For categorical variables, absolute and relative frequencies are reported,
whereas continuous variables are expressed as median with minimum and maximum.
Group differences were assessed using Fisher’s exact test for categorical variables and
Mann–Whitney U test for continuous variables. To assess the association between maternal
and neonatal 25(OH)D levels, a Pearson correlation analysis and linear regression analysis
were performed. All analyses were performed using the statistic software R (version 3.5.3,
Vienna, Austria) [33]. A p-value < 0.05 was considered to be statistically significant. The
results of any subgroup analysis should be interpreted in an exploratory fashion.

3. Results
3.1. Participants

In total, 499 pregnant women were assessed for eligibility and 433 were finally in-
cluded for analysis (79 women with PCOS according to ESHRE/ASRM 2003 definition
and 354 non-PCOS women). A flow chart of assessed and included patients as well as
demographic data was previously published [31]. Prenatal vitamin intake in both groups
was similar (45.6% vs. 47.5%). All taken supplements contained 25(OH)D with a maximum
dose of 400 IU per day.

3.2. Primary Results

25(OH)D was measurable in 84.8% (67/79) of women with PCOS and in 89.3%
(316/354) of Non-PCOS women. Neonatal samples were available in 27 PCOS girls (75%),
151 Non-PCOS girls (84%), 29 PCOS boys (67.4%), and 149 Non-PCOS boys (84.7%).

Mean maternal 25(OH)D level was 29.7 ng/mL (range 9.8–57.3) in PCOS women and
29.72 ng/mL (7.3–68.2) in non-PCOS women. Levels were comparable (p = 0.998). Mean
25(OH)D levels in neonates born to PCOS women (25.64 ng/mL (7.0–52.9)) were compa-
rable to mean 25(OH)D levels from neonates born to non-PCOS women (24.99 ng/mL
(6.2–78.3); p = 0.692). Mean 25(OH)D levels from girls born to PCOS women were
26.33 ng/mL (7.0–50.0) and 24.21 ng/mL (7.0–66.6) from girls born to non-PCOS women.
Those levels did not differ significantly (p = 0.286). Mean 25(OH)D levels from boys born
to PCOS women (24.99 ng/mL (8.6–52.9)) were comparable to mean 25(OH)D levels from
boys born to non-PCOS women (25.77 ng/mL (6.2–78.3); p = 0.594).

The share of 25(OH)D deficiency (<20 ng/mL) was high but comparable in all investi-
gated groups (Table 1).
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Table 1. 25(OH)D deficiency (<20 ng/mL); variables were analyzed by using Fisher’s exact test.

25(OH)D Deficiency p-Value

n %

PCOS women 18 26.9
0.43Non-PCOS women 71 22.5

Neonates of PCOS women 21 37.5
0.88Neonates on Non-PCOS women 107 35.7

PCOS girls 10 37
1.0Non-PCOS girls 58 38.4

PCOS boys 11 37.9
0.70Non-PCOS boys 49 32.9

PCOS: Polycystic Ovary Syndrome.

There was a strong correlation between maternal and neonatal 25(OH)D levels in both
groups (r ≥ 0.79, p < 0.001) (Figure 1). Using linear regression to estimate neonatal from the
maternal 25(OH)D levels, we obtained a regression line of 0.77 × maternal level + 2.28. This
means that cord blood 25(OH)D levels are about 77% of serum 25(OH)D concentrations of
the mother. We did not find higher deviations from the maternal–neonatal pairs of values
with higher 25(OH)D levels.

Figure 1. To assess the association between maternal and neonatal 25(OH)D levels, a Pearson
correlation analysis and linear regression analysis were performed and a strong correlation between
maternal and neonatal 25(OH)D levels in both groups (r ≥ 0.79, p < 0.001) was found.

3.3. Secondary Results

Compared to healthy controls, the risk for maternal complications was increased
in PCOS women (51 (64.6%) vs. 171 (48.3%); p = 0.009), while there was no significant
difference in neonatal complications (17 (21.5%) vs. 79 (22.3%); p = 1.0).

Women with PCOS had a higher risk of developing gestational diabetes (12 (15.2%)
vs. 21 (5.9%); p = 0.009) when compared to healthy controls. No significant difference was
found for PIH (8 (10.1%) vs. 17 (4.8%); p = 0.103), pre-eclampsia (3 (3.8%) vs. 5 (1.4%);
p = 0.164), and operative delivery (41 (51.9%) vs. 148 (41.8%); p = 0.259).

Large (3 (3.8%) vs. 19 (5.4%); p = 0.779) or small (9 (11.4%) vs. 44 (12.4%); p = 1.0) for
gestational age (SGA) neonates, fetal growth restriction (1 (1.3%) vs. 3 (0.8%); p = 0.555),
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fetal acidosis (2 (2.5%) vs. 10 (2.8%); p = 1.0), and ICU admission rate (1 (1.3%) vs. 5 (1.4%);
p = 1.0) occurred with a comparable frequency in both groups.

The prevalence of adverse maternal and neonatal outcomes was not associated with
25(OH)D levels, with one exception: 25(OH)D levels were higher in PCOS offspring with fetal
acidosis compared to 25(OH)D levels from PCOS offspring without fetal acidosis (Table 2).

Table 2. Association between 25(OH)D levels and maternal and neonatal complications in PCOS and Non- PCOS pregnancies.

PCOS Women p-Value Non-PCOS Women p-Value

Maternal
Complications Yes No Yes No

Gestational
diabetes 30.4 14.6–53.8 30.2 9.8–57.3 0.735 34.5 11.9–66.9 28.8 7.3–68.2 0.190

PIH 30.4 16.2–48.2 30.2 9.8–57.3 0.790 23.6 11.9–40.1 29.8 7.3–68.2 0.128
Pre-eclampsia 32.8 30.4–35.2 30.1 9.8–57.3 0.658 30.4 11.9–34.1 29.1 7.3–68.2 0.476

Operative
delivery 30.5 10.4–57.3 30.1 9.8–52.5 0.320 29.4 7.6–67.8 29.3 7.3–68.2 0.871

Any complication 32.0 10.4–57.3 28.9 9.8–52.5 0.132 29.1 7.6–67.8 29.8 7.3–68.2 0.622

Neonates of PCOS Women p-Value Neonates of Non-PCOS Women p-Value

Neonatal
Complications Yes No Yes No

SGA (<10th
percentile) 21.3 15.4–39.4 24.8 7.0–52.9 0.832 29.6 10.3–56.8 23.8 6.2–78.3 0.082

LGA (>90th
percentile) 24.8 14.6–34.9 23.5 7.0–52.9 0.912 19.8 7.0–37.7 24.6 6.2–78.3 0.213

Fetal growth
restriction - - 23.5 7.0–52.9 - 46.0 35.1–56.8 24.3 6.2–78.3 0.039

Fetal acidosis 44.1 41.7–46.5 22.7 7.0–52.9 0.040 27.1 13.9–46.1 24.3 6.2–78.3 0.394
ICU 34.9 34.9–34.9 22.9 7.0–52.9 0.421 37.5 35.1–46.1 24.2 6.2–78.3 0.015

Any complication 32.2 14.6–46.5 22.7 7.0–52.9 0.219 27.6 7.0–56.8 23.8 6.2–78.3 0.199

Data are presented as median (range) and differences were assessed by Mann–Whitney U test. PIH = Pregnancy induced hypertension,
Operative delivery = elective and non-elective caesarean section and operative vaginal delivery; SGA = small for gestational age;
ICU = intensive care unit admission. Total maternal complication rate = gestational diabetes, pregnancy-induced hypertension, pre-
eclampsia, non-elective caesarean section, and operative vaginal delivery, preterm birth. Total neonatal complication rate = large or small
for gestational age, acidosis, ICU admission, and pre- and perinatal mortality.

25(OH)D deficiency was high in all groups (Table 1). However, we did not find an
association between 25(OH)D deficiency and adverse perinatal outcome (Table 3).

Table 3. Association between 25(OH)D deficiency and maternal and neonatal complications in PCOS and Non-PCOS
pregnancies.

Maternal complications

PCOS women
25(OH)D < 20 ng/mL

PCOS women
25(OH)D ≥ 20 ng/mL p-value

11 (61.1) 33 (67.3) 0.773

Non-PCOS women
25(OH)D < 20 ng/mL

Non-PCOS women
25(OH)D ≥ 20 ng/mL

34 (47.9) 121 (49.4) 0.893

Neonatal complications

Neonates of PCOS women
25(OH)D < 20 ng/mL

Neonates of PCOS women
25(OH)D ≥ 20 ng/mL

3 (14.3) 9 (25.7) 0.503

Neonates of Non-PCOS women
25(OH)D < 20 ng/mL

Neonates of Non-PCOS women
25(OH)D ≥ 20 ng/mL

19 (17.8) 43 (22.3) 0.376

Data are presented as n (%) and differences were assessed by Fisher’s exact test. Maternal complications = gestational diabetes, pregnancy-
induced hypertension, pre-eclampsia, non-elective caesarean section, and operative vaginal delivery, preterm birth. Neonatal complications
= large or small for gestational age, acidosis, ICU admission, and pre- and perinatal mortality.
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4. Discussion
4.1. Key Results

Maternal 25(OH)D levels did not differ significantly in women with PCOS and without
PCOS, nor did the 25(OH)D levels of their offspring. The share of 25(OH)D deficiency
was high in all investigated groups. Cord blood 25(OH)D levels were about 77% of serum
25(OH)D concentrations of the mother. Compared to healthy controls, the risk for maternal
complications was increased in PCOS women, while there was no significant difference
in neonatal complications. However, 25(OH)D levels were similar between mothers and
infants with and without perinatal complications.

4.2. Interpretation

While we found comparable 25(OH)D levels between mothers and infants with and with-
out perinatal complications and between women with PCOS and without PCOS, an adequate
vitamin supply to pregnant women is lacking in nearly 40% of pregnancies. Our findings con-
firm that 25(OH)D deficiency is common in pregnant women with PCOS and without PCOS
and even more frequently found in their offspring as cord blood 25(OH)D levels are only
77% of serum 25(OH)D concentrations of the mothers. A sufficient 25(OH)D supplementation
can prevent neonatal hypocalcemia, which may result in softening of bones and can lead
to seizures and dilated cardiomyopathy 21, [34]. It has further been shown, that a pre-
conceptional 25(OH)D supplementation is advantageous for women with PCOS and can
further have an positive impact on folliculogenesis [35–37]. The current guidelines rec-
ommend a 25(OH)D intake of 400 to 800 IU per day for pregnant women; however, the
circulating 25(OH)D concentration that is sufficient to meet the physiological needs of hu-
mans is an ongoing subject of debate 21, [38–40]. A randomized controlled trial (RCT)
published by O’Callaghan et al. has shown that an overall 25(OH)D intake of almost 1200 IU
of 25(OH)D per day was necessary to ensure that cord blood serum 25(OH)D concentrations
were above 30 nmol/L in 95%, and above 25 nmol/L in 99% of infants, respectively [20]. The
recommended upper limit of intake is 4000 IU per day 39, 40. Pilz et al. in a recently published
review recommend an intake of vitamin D of 800 to 1000 IU per day during preconception or
pregnancy to achieve serum 25(OH)D target concentrations as recommended by vitamin D
guidelines 21. Prenatal vitamin supplements usually contain only 200 to 400 IU and, therefore,
seem to be an insufficient source of 25(OH)D.

Our study has limitations that should be noted. We used an assay which measured
total vitamin D (D2 and D3) instead of only vitamin D3, the main active compound. This
fact might influence our results.

Regarding perinatal complications there are several RCTs and meta-analyses of RCTs
which evaluated the effect of vitamin D supplementation during pregnancy on neonatal
and maternal outcome [41–55]. A recently published meta-analysis included 43 trials with
8406 participants and evaluated effects of vitamin D supplementation on 11 maternal and
27 neonatal outcomes 54. However, due to missing data on clinical outcome in many
cases, most analyses were based on only a minority of trials. This meta-analysis found that
vitamin D supplementation increases mean birth weight by 58.33 g, reduces the risk of
SGA and the risk of asthma or wheeze in the offspring by 3 years of age. It did not find
effects on preterm birth, pre-eclampsia, neonatal death, caesarean section, preterm labor or
infections 54. A further meta-analysis investigated the effect of vitamin D supplementation
on neonatal outcomes and found similar results 55. Vitamin D supplementation decreased
the risk of SGA and increased birth weight. However, there was no significant effect on
asthma 55. Interestingly, Apgar scores at 1-min increase by 0.09 and at 5 min by 0.08. None
of the published studies reported an association of 25(OH)D levels and fetal acidosis 55.
Summarizing the available evidence on vitamin D supplementation in pregnancy it can be
concluded that vitamin D supplementations is safe and improves vitamin D and calcium
status. Data on neonatal and maternal outcome are for the bigger part still inconsistent 54,
55. The benefits of vitamin D supplementation before and during pregnancy should be
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further investigated through thoroughly planned intervention studies, and it is crucial to
define ethnicity, season and period of supplementation.
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26. Dovnik, A.; Mujezinović, F. The Association of Vitamin D Levels with Common Pregnancy Complications. Nutrients 2018, 10, 867.
[CrossRef]

27. Van der Pligt, P.; Willcox, J.; Szymlek-Gay, E.A.; Murray, E.; Worsley, A.; Daly, R.M. Associations of Maternal Vitamin D Deficiency
with Pregnancy and Neonatal Complications in Developing Countries: A Systematic Review. Nutrients 2018, 10, 640. [CrossRef]

28. Amegah, A.K.; Klevor, M.K.; Wagner, C.L. Maternal vitamin D insufficiency and risk of adverse pregnancy and birth outcomes: A
systematic review and meta-analysis of longitudinal studies. PLoS ONE 2017, 12, e0173605. [CrossRef]

29. Aghajafari, F.; Nagulesapillai, T.; Ronksley, P.E.; Tough, S.C.; O’Beirne, M.; Rabi, D.M. Association between maternal serum
25-hydroxyvitamin D level and pregnancy and neonatal outcomes: Systematic review and meta-analysis of observational studies.
BMJ 2013, 346, f1169. [CrossRef]

30. The Rotterdam ESHRE/ASRM-Sponsored PCOS Consensus Workshop Group. Revised 2003 consensus on diagnostic criteria and
long-term health risks related to polycystic ovary syndrome. Fertil. Steril. 2004, 81, 19–25. [CrossRef]

31. Kollmann, M.; Obermayer-Pietsch, B.; Lerchbaum, E.; Lang, U.; Herzog, S.A.; Trummer, C.; Scheuchenegger, A.; Ulrich, D.;
Klaritsch, P. Androgen and Anti-Mullerian Hormone Concentrations at Term in Newborns and Their Mothers with and without
Polycystic Ovary Syndrome. J. Clin. Med. 2019, 8, 1817. [CrossRef] [PubMed]

32. Lips, P.; Cashman, K.D.; Lamberg-Allardt, C.; Bischoff-Ferrari, H.A.; Obermayer-Pietsch, B.; Bianchi, M.L.; Bouillon, R. Current
Vitamin D Status in European and Middle East Countries and Strategies to Prevent Vitamin D Deficiency: A Position Statement
of the European Calcified Tissue Society. Eur. J. Endocrinol. 2019, 180, P23–P54. [CrossRef] [PubMed]

33. Team RC. R: A Language and Environment for Statistical Computing; Team RC: Vienna, Austria, 2017.
34. Cashman, K.D.; Dowling, K.G.; Škrabáková, Z.; Gonzalez-Gross, M.; Valtueña, J.; De Henauw, S.; Moreno, L.; Damsgaard, C.T.;

Michaelsen, K.F.; Mølgaard, C.; et al. Vitamin D deficiency in Europe: Pandemic? Am. J. Clin. Nutr. 2016, 103, 1033–1044.
[CrossRef] [PubMed]

35. Lerchbaum, E.; Rabe, T. Vitamin D and female fertility. Curr. Opin. Obstet. Gynecol. 2014, 26, 145–150. [CrossRef] [PubMed]
36. Merhi, Z.; Büyük, E.; Cipolla, M.J. Advanced glycation end products alter steroidogenic gene expression by granulosa cells: An

effect partially reversible by vitamin D. Mol. Hum. Reprod. 2018, 24, 318–326. [CrossRef] [PubMed]

http://doi.org/10.1210/jc.2013-1257
http://www.ncbi.nlm.nih.gov/pubmed/23783101
http://doi.org/10.1159/000358338
http://www.ncbi.nlm.nih.gov/pubmed/24603503
http://doi.org/10.3389/fendo.2018.00007
http://doi.org/10.3390/nu7105398
http://doi.org/10.1111/1471-0528.15060
http://www.ncbi.nlm.nih.gov/pubmed/29244241
http://doi.org/10.1007/s00404-016-4010-4
http://doi.org/10.1016/j.ejim.2012.01.007
http://doi.org/10.1111/j.1365-2265.2012.04434.x
http://doi.org/10.3390/nu7064555
http://doi.org/10.3390/ijerph15102241
http://www.ncbi.nlm.nih.gov/pubmed/30322097
http://doi.org/10.1038/boneres.2017.30
http://www.ncbi.nlm.nih.gov/pubmed/28868163
http://doi.org/10.1007/s11154-017-9414-3
http://www.ncbi.nlm.nih.gov/pubmed/28214921
http://doi.org/10.1016/j.metabol.2017.10.001
http://doi.org/10.1530/JOE-17-0491
http://doi.org/10.3390/nu10070867
http://doi.org/10.3390/nu10050640
http://doi.org/10.1371/journal.pone.0173605
http://doi.org/10.1136/bmj.f1169
http://doi.org/10.1016/j.fertnstert.2003.10.004
http://doi.org/10.3390/jcm8111817
http://www.ncbi.nlm.nih.gov/pubmed/31683802
http://doi.org/10.1530/EJE-18-0736
http://www.ncbi.nlm.nih.gov/pubmed/30721133
http://doi.org/10.3945/ajcn.115.120873
http://www.ncbi.nlm.nih.gov/pubmed/26864360
http://doi.org/10.1097/GCO.0000000000000065
http://www.ncbi.nlm.nih.gov/pubmed/24717915
http://doi.org/10.1093/molehr/gay014
http://www.ncbi.nlm.nih.gov/pubmed/29538679


J. Clin. Med. 2021, 10, 537 9 of 9

37. Merhi, Z. Crosstalk between advanced glycation end products and vitamin D: A compelling paradigm for the treatment of
ovarian dysfunction in PCOS. Mol. Cell. Endocrinol. 2019, 479, 20–26. [CrossRef] [PubMed]

38. Larqué, E.; Morales, E.; Leis, R.; Blanco-Carnero, J.E. Maternal and Foetal Health Implications of Vitamin D Status during
Preg-nancy. Ann. Nutr. Metab. 2018, 72, 179–192. [CrossRef]

39. Rosen, C.J.; Abrams, S.A.; Aloia, J.F.; Brannon, P.M.; Clinton, S.K.; Durazo-Arvizu, R.A.; Gallagher, J.C.; Gallo, R.L.; Jones, G.;
Kovacs, C.S.; et al. IOM Committee Members Respond to Endocrine Society Vitamin D Guideline. J. Clin. Endocrinol. Metab. 2012,
97, 1146–1152. [CrossRef]

40. Holick, M.F.; Binkley, N.C.; Bischoff-Ferrari, H.A.; Gordon, C.M.; Hanley, D.A.; Heaney, R.P.; Weaver, C.M. Evaluation, treatment,
and prevention of vitamin D deficiency: An En-docrine Society clinical practice guideline. J. Clin. Endocrinol. Metab. 2011, 96,
1911–1930. [CrossRef]

41. De-Regil, L.M.; Palacios, C.; Lombardo, L.K.; Peña-Rosas, J.P. Vitamin D supplementation for women during pregnancy.
Sao Paulo Med. J. 2016, 134, 274–275. [CrossRef]

42. Akbari, M.; Moosazadeh, M.; Lankarani, K.B.; Tabrizi, R.; Samimi, M.; Karamali, M.; Jamilian, M.; Kolahdooz, F.; Asemi, Z.
Correction: The Effects of Vitamin D Supplementation on Glucose Metabolism and Lipid Profiles in Patients with Gestational
Diabetes: A Systematic Review and Meta-Analysis of Randomized Controlled Trials. Horm. Metab. Res. 2017, 49, 647–653.
[CrossRef] [PubMed]

43. Vahdaninia, M.; Mackenzie, H.; Helps, S.; Dean, T. Prenatal Intake of Vitamins and Allergic Outcomes in the Offspring: A
Sys-tematic Review and Meta-Analysis. J. Allergy Clin. Immunol. Pract. 2017, 5, 771–778. [CrossRef] [PubMed]

44. Netting, M.J.; Middleton, P.F.; Makrides, M. Does maternal diet during pregnancy and lactation affect outcomes in offspring? A
systematic review of food-based approaches. Nutrition 2014, 30, 1225–1241. [CrossRef] [PubMed]

45. Harvey, N.C.; Holroyd, C.; Ntani, G.; Javaid, K.; Cooper, P.; Moon, R.; Cole, Z.; Tinati, T.; Godfrey, K.; Dennison, E.; et al. Vitamin
D supplementation in pregnancy: A systematic review. Health Technol. Assess. 2014, 18, 1–190. [CrossRef] [PubMed]

46. Fu, Z.-M.; Ma, Z.-Z.; Liu, G.-J.; Wang, L.-L.; Guo, Y. Vitamins supplementation affects the onset of preeclampsia.
J. Formos. Med. Assoc. 2018, 117, 6–13. [CrossRef]

47. Khaing, W.; Vallibhakara, S.A.-O.; Tantrakul, V.; Vallibhakara, O.; Rattanasiri, S.; McEvoy, M.A.; Attia, J.; Thakkinstian, A. Calcium
and Vitamin D Supplementation for Prevention of Preeclampsia: A Systematic Review and Network Meta-Analysis. Nutrients
2017, 9, 1141. [CrossRef]

48. Thorne-Lyman, A.; Fawzi, W.W. Vitamin D during pregnancy and maternal, neonatal and infant health outcomes: A systemat-ic
review and meta-analysis. Paediatr. Perinat. Epidemiol. 2012, 26 (Suppl. 1), 75–90. [CrossRef]

49. Rostami, M.; Tehrani, F.R.; Simbar, M.; Yarandi, R.B.; Minooee, S.; Hollis, B.W.; Hosseinpanah, F. Effectiveness of Prenatal Vitamin
D Deficiency Screening and Treatment Program: A Stratified Randomized Field Trial. J. Clin. Endocrinol. Metab. 2018, 103,
2936–2948. [CrossRef]

50. 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]

51. Magnus, M.C.; Miliku, K.; Bauer, A.; Engel, S.M.; Felix, J.F.; Jaddoe, V.W.; Fraser, A. Vitamin D and risk of pregnancy related
hypertensive disorders: Mendelian random-isation study. BMJ 2018, 361, k2167. [CrossRef]

52. Roth, D.E.; Morris, S.K.; Zlotkin, S.; Gernand, A.D.; Ahmed, T.; Shanta, S.S.; Papp, E.; Korsiak, J.; Shi, J.; Islam, M.M.; et al. Vitamin
D Supplementation in Pregnancy and Lactation and Infant Growth. N. Engl. J. Med. 2018, 379, 535–546. [CrossRef] [PubMed]

53. Hollis, B.W.; Johnson, D.; Hulsey, T.C.; Ebeling, M.; Wagner, C.L. Vitamin D supplementation during pregnancy: Double-blind,
randomized clinical trial of safety and effectiveness. J. Bone Miner. Res. 2011, 26, 2341–2357. [CrossRef] [PubMed]

54. Roth, D.E.; Leung, M.; Mesfin, E.; Qamar, H.; Watterworth, J.; Papp, E. Vitamin D supplementation during pregnancy: State of the
evidence from a systematic review of randomised trials. BMJ 2017, 359, j5237. [CrossRef] [PubMed]

55. Bi, W.G.; Nuyt, A.M.; Weiler, H.; LeDuc, L.; Santamaria, C.; Wei, S.Q. Association between Vitamin D Supplementation during
Pregnancy and Offspring Growth, Morbidity, and Mortality: A Systematic Review and Meta-analysis. JAMA Pediatr. 2018, 172,
635–645. [CrossRef]

http://doi.org/10.1016/j.mce.2018.08.010
http://www.ncbi.nlm.nih.gov/pubmed/30170183
http://doi.org/10.1159/000487370
http://doi.org/10.1210/jc.2011-2218
http://doi.org/10.1210/jc.2011-0385
http://doi.org/10.1590/1516-3180.20161343T2
http://doi.org/10.1055/s-0037-1600933
http://www.ncbi.nlm.nih.gov/pubmed/28768342
http://doi.org/10.1016/j.jaip.2016.09.024
http://www.ncbi.nlm.nih.gov/pubmed/27888033
http://doi.org/10.1016/j.nut.2014.02.015
http://www.ncbi.nlm.nih.gov/pubmed/25280403
http://doi.org/10.3310/hta18450
http://www.ncbi.nlm.nih.gov/pubmed/25025896
http://doi.org/10.1016/j.jfma.2017.08.005
http://doi.org/10.3390/nu9101141
http://doi.org/10.1111/j.1365-3016.2012.01283.x
http://doi.org/10.1210/jc.2018-00109
http://doi.org/10.1016/j.clnu.2018.02.023
http://doi.org/10.1136/bmj.k2167
http://doi.org/10.1056/NEJMoa1800927
http://www.ncbi.nlm.nih.gov/pubmed/30089075
http://doi.org/10.1002/jbmr.463
http://www.ncbi.nlm.nih.gov/pubmed/21706518
http://doi.org/10.1136/bmj.j5237
http://www.ncbi.nlm.nih.gov/pubmed/29187358
http://doi.org/10.1001/jamapediatrics.2018.0302

	Introduction 
	Materials and Methods 
	Study Design 
	Ethical Approval 
	Participants 
	Outcome Measures 
	Data Sources/Measurement 
	Sample Size 
	Statistical Methods 

	Results 
	Participants 
	Primary Results 
	Secondary Results 

	Discussion 
	Key Results 
	Interpretation 

	References

