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Abstract. – OBJECTIVE: To determine the effi-
cacy of vitamin D (VD) in preventing the develop-
ment of gestational diabetes mellitus (GDM) and 
pregnancy-induced hypertension (PIH). The sec-
ondary purpose is to investigate the effect of VD 
on the mode and time of delivery.

PATIENTS AND METHODS: A vitamin D val-
ue of <20 ng/mL during pregnancy is considered 
a deficiency according to the Endocrine Society, 
and 400-600 IU/day VD replacement is recom-
mended. Forty patients whose serum VD levels 
were below 20 ng/mL during routine pregnancy 
follow-up and who were planned for VD replace-
ment therapy were included in the study. They 
were divided into two equal groups with 20 pa-
tients in each group. Twenty pregnant women 
with serum VD levels greater than 20 ng/mL were 
considered as the control group. While 400 IU/
day VD replacement was applied to the patients 
in Group 1, 600 IU/day VD was given to Group 2. 
Group 3 consisted of control patients who did 
not undergo VD replacement. VD replacement 
was continued from the 14th week of pregnan-
cy until delivery. Each group of participants was 
screened with a 50-g GCT at 24-28 weeks of ges-
tation. Following 50-g GCT if serum glucose lev-
el was found >140 mg/dL, patients underwent 
100-g OGTT. GDM was diagnosed in the pres-
ence of at least two of the following results: fast-
ing serum glucose ≥92 mg/dL and/or 1-hour gly-
cemia ≥180 mg/dL, and/or 2-hour glycemia ≥153 
mg/dL. PIH was defined as systolic blood pres-
sure >140 mmHg and diastolic blood pressure 
>90 mmHg. Patients in each group delivered by 
cesarean section or normal vaginal route. In ad-
dition to the incidence of PIH and GDM, the time 
and mode of delivery were recorded. 

RESULTS: PIH was detected in two patients 
in each of the 400 IU/day and 600 IU/day vita-
min D replacement groups (10%). In the con-
trol group, PIH developed in 3 patients (15%). 
Although PIH was detected in an extra case in 
the control group, no significant difference was 
found between the replacement group and the 
control group in terms of PIH (p<0.44). While 
GDM was not detected in the 400 IU/day vita-
min D group, GDM was detected in one patient 

(5%) in the 600 IU/day vitamin D group. No case 
of GDM was found in the control group either. 
There was no significant difference between the 
VD replacement and the control groups in terms 
of GDM rates. No significant difference was 
found between the VD replacement and the con-
trol groups in terms of mode of delivery. While 
the C/S ratio was 65% in the 400 IU/day vitamin 
D group, this ratio was 75% in the 600 IU/day vi-
tamin D group. There was an insignificant trend 
of increase in C/S ratios in the group given 600 
IU/day of vitamin D. The C/S ratio of the control 
group, which could not be given VD replace-
ment, was found to be 70%.

CONCLUSIONS: VD replacement therapy 
during pregnancy does not prevent the develop-
ment of PIH and GDM, and does not significant-
ly contribute to the time and mode of delivery.
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Introduction

Vitamin D (VD) is a basic secosteroid hormone 
that acts through its specific receptors responsib-
le for calcium and phosphate homeostasis during 
pregnancy1. Changing serum levels of VD lead to 
many endocrine and vascular pathologies, inclu-
ding hypertension and gestational diabetes during 
pregnancy. Disturbances in calcium and phospha-
te metabolism are one of the most important ca-
uses of endothelial damage and vascular tone 
pathologies. Endothelial damage is the initiator 
of vascular pathologies such as pregnancy-indu-
ced hypertension (PIH) and preeclampsia. It has 
been known for a long time that VD levels decre-
ase during pregnancy compared to non-pregnant 
women2. Impaired immunomodulation and inf-
lammatory pathway activations in VD deficiency 
may lead to insufficient placentation, endothelial 
dysfunction as well as hypertensive disease of 
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pregnancy. Similarly, insulin resistance and beta 
cell dysfunction develop in VD deficiency, which 
increases the tendency to diabetes3.

The results of studies investigating the rela-
tionship between VD deficiency and the deve-
lopment of gestational diabetes mellitus (GDM) 
during pregnancy are heterogeneous4. Since im-
munomodulatory and inflammatory pathway 
functions are not fully realized in VD deficiency, 
glucose tolerance and insulin sensitivity are also 
impaired. Consistent with this, it has been repor-
ted that serum VD levels of GDM patients are 
significantly lower than those of normoglycemic 
patients5. Moreover, it is also known that the risk 
of GDM is around 50% in patients with VD de-
ficiency6,7. Contrary to these findings, some rese-
archers could not find a relationship between VD 
levels and the development of GDM3. A Cochrane 
meta-analysis and a clinical trial indicated that 
VD replacement had no preventive effect on the 
risk of developing GDM8,9. Another comprehensi-
ve analysis reported that VD replacement reduces 
the risk of GDM10.

Since the role of calcium in endothelial functi-
on and vascular tone has been known for a long 
time, it has been thought that VD deficiency also 
plays a role in the development of gestational hy-
pertension. In particular, the detection of the re-
lationship between the development of preeclam-
psia and low calcium intake suggests that VD is 
an important steroid hormone in the regulation of 
blood pressure in pregnancy11. By regulating pla-
cental vascular endothelial growth factor (VGEF) 
synthesis VD replacement in pregnancy prevents 
hypertension12. The immunomodulatory effect of 
VD prevents feto-placental rejection and enables 
healthy placentation and blood pressure regulati-
on4. Apart from PIH and GDM, VD status can 
also affect timing and mode of delivery. Suppor-
ting this, it has been reported that cesarean sec-
tion rates increase in VD deficiency13. Although 
high-dose VD replacement has been reported to 
reduce cesarean delivery rates14, many studies8,10 
have failed to establish a relationship between VD 
status and cesarean section rates. If the risk of 
GDM, HT, and cesarean delivery really increases 
in VD deficiency, these pathologies are expected 
to improve with VD replacement. This study was 
planned to determine the efficacy of VD repla-
cement therapy in preventing the development of 
GDM and pregnancy-induced hypertension. The 
secondary aim of the study is to investigate the 
effect of VD replacement on the mode and time 
of delivery.

Patients and Methods

A vitamin D value of <20 ng/mL during preg-
nancy is considered a deficiency according to the 
Endocrine Society, and 400-600 IU/day VD rep-
lacement is recommended. Forty patients whose 
serum VD levels were below 20 ng/mL during 
routine pregnancy follow-up and who were plan-
ned for VD replacement therapy were included 
in the study. Participants were selected among 
pregnant women who applied to the Obstetrics 
outpatient clinic of Private Gözde Akademi Hos-
pital (Malatya). Participants were divided into 
two equal groups with 20 patients in each group. 
Twenty pregnant women with serum VD levels 
greater than 20 ng/mL were considered as the 
control group. While 400 IU/day VD replacement 
was applied to the patients in Group 1,600 IU/day 
VD was given to Group 2. Group 3 consisted of 
control patients who did not undergo VD repla-
cement. VD replacement was continued from the 
14th week of pregnancy until delivery. Forgotten 
doses were taken again in the first 5 days. All of 
the participants completed the study.

Participants were randomly selected among pri-
miparous or multiparous pregnant women. The 
groups consisted of women older than 20 years of 
age and younger than 35 years of age with a spon-
taneous singleton pregnancy. Multiple pregnancies 
and IVF/ICSI pregnancies were not included in the 
study. Gestational age and estimated delivery date 
were calculated according to the last menstrual pe-
riod or first USG records. Patients who were allergic 
to VD or who had taken drugs containing VD in 
the last three months were not included in the study. 
Those with hypercalcemia and kidney stone risk, 
those with partroid disease, and those with kidney 
pathology causing proteinuria were excluded from 
the study. Those with a history of hypertension or 
diabetes before pregnancy were excluded from the 
study. Those with a history of peeclampsia or ges-
tational diabetes in their previous pregnancies were 
excluded from the study. Patients who were taken 
to C/S due to maternal request were excluded from 
the study. The primary outcome of the study was 
to investigate whether VD replacement has a pro-
tective effect on the formation of GDM and gesta-
tional hypertension. The secondary outcome was to 
determine whether the VD replacement affects the 
timing and mode of delivery. The study was conduc-
ted according to the Declaration of Helsinki. Ethical 
consent was obtained from the Ethics Committee of 
SBU Gazi Yaşargil Training and Research Hospital 
(Ethics approval No.: 2022/152).
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All patients were followed up with strict an-
tenatal care. Blood pressure was measured and 
recorded on a monthly basis. Spot urine protein 
analysis was performed in cases with hyperten-
sion. In cases where necessary, 24-hour urine 
was collected and protein values   were checked. 
Each group of participant were screened with a 
50-g GCT at 24-28 weeks of gestation. Following 
50-g GCT if serum glucose level was found >140 
mg/dL, patients underwent 100-g OGTT. GDM 
was diagnosed in the presence of at least two of 
the following results: fasting serum glucose ≥92 
mg/dL and/or 1-hour glycemia ≥180 mg/dL, and/
or 2-hour glycemia ≥153 mg/dL. Gestational hy-
pertension (PIH) was defined as systolic blood 
pressure (SBP) >140 mmHg and diastolic blood 
pressure (DBP) >90 mmHg15. Patients in each 
group delivered by cesarean section or normal 
vaginal route. In addition to the incidence of PIH 
and GDM, the time and mode of delivery were 
recorded. 

Statistical Analysis
All analyses were carried out using SPSS for 

Windows version 21 (IBM Corp., Armonk, NY, 
USA). Normality of distribution was assessed 
with the Kolmogorov-Smirnov test. Continuous 
variables were analyzed using parametric One-
Way ANOVA test data are presented as mean ± 
SD or percentage. A p-value <0.05 was conside-
red statistically significant.

Results

Table I shows demographic, obstetrics, and 
fetal characteristics of the VD replacement and 

control group. The age, gravida and parity of the 
VD replacement and control groups were similar. 
Serum VD levels of the patients who were plan-
ned to be replaced were recorded as 13.9±4.07 ng/
mL and 14.5±2.09 ng/mL. VD levels were similar 
between the replacement groups (p<0.30). These 
values are considered as VD deficiency according 
to Endocrine Societey Proposal. The VD level of 
the patients in the control group was found to be 
23.2±4.02. The VD levels of the patients in the 
control group were found to be significantly hig-
her than in both VD replacement groups (p<0.01). 
Maternal serum VD levels were not evaluated at 
the time of delivery. The gestational age at the 
time of delivery of the patients who underwent 
VD replacement and the patients in the control 
group was found to be similar. All of the patients 
who were given or not given VD replacement 
gave birth at term. Preterm labor was not seen 
in neither the replacement group nor the control 
group. Similarly, fetal birth weight of the replace-
ment and control groups were similar. Although 
fetal birth weight was slightly higher in patients 
given 600 IU/day vitamin D replacement compa-
red to the group given 400 IU/day, the difference 
was not significant.

PIH was detected in two patients in each of 
the 400 IU/day and 600 IU/day vitamin D repla-
cement groups (10%). In the control group, PIH 
developed in 3 patients (15%). Although PIH was 
detected in an extra case in the control group, no 
significant difference was found between the rep-
lacement group and the control group in terms of 
PIH (p<0.44). While GDM was not detected in 
the 400IU/day vitamin D group, GDM was dete-
cted in one patient (5%) in the 600IU/day vitamin 
D group. No case of GDM was found in the cont-

Table I. Demographic, obstetrics, and fetal characteristics of vitamin D replacement and control group. 

 Group 1 (n=20) Group 2 (n=20)
 400IU/day Vitamin D 600 IU/day Vitamin D Group 3 (n=20)

Age (years) 27.6±5.03 28.3±3.50 27.1±4.11
VD level (ng/mL)* 13.9±4.07 14.5±2.09 23.2±4.02
Gravidity 2.80±1.02 2.87 ±1.03 2.43±0.20
Parity 1.78 ±0.33 1.67±0.55 1.43±0.21
Gestational age at birth (weeks) 36.5±6.44 37.3±3.04 36.8±5.01
Fetal birth weight (gr) 2840.8±302.6 2887.7±230.5 2790.5±320.4
GDM (n/%) 0 1 (5%) 0
PIH (n/%) 2 (10%) 2 (10%) 3 (15%)
Mode of delivery (n/%) 13 C/S (65%),  15 C/S (75%), 14 C/S (70%), 
 7 vaginal birth (35%) 5 vaginal birth (25%) 6 vaginal birth (30%)

*: Indicates the existence of statistical significance between groups (One-way ANOVA). Parameters without an asterisk indi-
cate that there is no statistical significance between groups.
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rol group either. There was no difference betwe-
en the replacement groups and the control group 
in terms of GDM rates. No significant difference 
was found between the VD replacement and the 
control groups in terms of mode of delivery. Whi-
le the C/S ratio was 65% in the 400 IU/day vita-
min D group, this ratio was 75% in the 600 IU/day 
vitamin D group. There was an insignificant trend 
of increase in C/S ratios in the group given 600 
IU/day of vitamin D. The C/S ratio of the control 
group, which could not be given VD replacement, 
was found to be 70%.

Discussion

It has long been accepted that vitamin D de-
ficiency during pregnancy increases the occur-
rence of certain diseases related to calcium and 
phosphate metabolism. Fetal growth retardation, 
pregnancy-induced hypertension (PIH), preec-
lampsia, and gestational diabetes (GDM) are 
some diseases thought to be associated with VD 
deficiency16. Moreover, it has been stated that VD 
deficiency affects timing and mode of delivery 
and increases cesarean delivery rates. However, 
the results of studies investigating the relationship 
between VD deficiency and these pathologies are 
not homogeneous6,7. In this study, we investigated 
how the rates of GDM, PIH, and cesarean section 
differed in patients who underwent VD replace-
ment compared to patients who did not undergo 
replacement4.

It has been claimed that VD has a role in the 
regulation of vascular tone due to the increased 
risk of endothelial dysfunction and preeclampsia 
in calcium deficiency. Consistent with this, VD 
replacement has been reported to regulate blood 
pressure by increasing the release of angioge-
nic factors from the placenta17. Similarly, it was 
emphasized that the risk of preeclampsia increa-
ses significantly in VD deficiency18-20. However, 
despite all these positive effects of VD, a recent 
metaanalysis reported that VD replacement did 
not have a significant effect on PIH10. Our re-
sults showed that VD replacement applied during 
pregnancy did not have a significant effect on the 
incidence of PIH. The doses we use for VD rep-
lacement are the lowest doses considered safe in 
pregnant women by the Endocrine Society18. PIH 
was detected in only two patients (10%) in both 
groups who underwent VD replacement. In pa-
tients who did not receive VD replacement, PIH 
was detected in three patients (15%). Despite one 

excess of PIH in the control group, the incidence 
of PIH in the replaced and non-replaced groups 
was similar. Giving 400 IU/day or 600 IU/day VD 
did not cause a significant change in the incidence 
of PIH. However, this result does not mean that 
VD does not have a positive effect on the placen-
tal and systemic vascular bed. The doses we use 
may not be sufficient for the regulation of vascu-
lar tone. Studies involving higher replacement 
doses may reveal a possible relationship between 
VD dose and vascular tone. The development of 
PIH in 10% of the replacement patients suggests 
that the incidence of PIH remains at the normal 
population level and that VD replacement does 
not provide any additional benefit18-21.

Both immunomodulatory and anti-inflamma-
tory effects of VD prevent the development of di-
abetes by preserving beta cell functions like myo-
inositol plus α-lactalbumin21. In VD deficiency, 
the cytotoxic effect of T cells increases, leading 
to beta cell destruction and an increased tenden-
cy to diabetes3. Serum VD levels of patients with 
GDM have been reported to be significantly lower 
than normoglycemic controls7. Similarly, the risk 
of developing GDM has been noted to be higher 
in those with VD deficiency. However, many 
observational studies have failed to establish a 
link between VD levels and the development of 
GDM20,22. Moreover, it has been reported that VD 
replacement is not effective in preventing the de-
velopment of GDM8. In the present study, GDM 
was not detected in any of the patients who rece-
ived 400 IU/day VD replacement, whereas GDM 
was detected in only one patient in the 600 IU/day 
vitamin D group. GDM was not detected in the 
control group. Consistent with the literature data, 
VD replacement did not significantly reduce the 
risk of developing GDM compared to the control 
group. While GDM was detected in the high-dose 
VD replacement group, the absence of GDM in 
low-dose VD replacement patients suggests that 
VD does not improve pancreatic beta cell dysfun-
ctions. If VD had an immunomodulatory effect 
on beta cells, GDM would not have been detected 
in the 600 IU/day replacement group. However, 
since GDM formation is a pathology with multifa-
ctorial etiology, it cannot be expected to improve 
with VD replacement alone. Comprehensive stu-
dies12-14 that evaluate other risk factors for GDM 
and compare the effect of different VD doses are 
essential to make a clearer interpretation.

We believe that delivery mode should be as na-
tural as possible. Although it was not found safe, 
we are in a period where even water birth is dis-
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cussed23,24. An attempt has been made to establish 
a connection between VD satus and mode and 
timing of delivery. The mechanism behind this 
idea is the role of the VD in the contraction and 
autonomic control of the pelvic muscles. It has 
been suggested that cesarean section rates incre-
ase because the decreased pelvic muscle strength 
due to VD deficiency cannot provide sufficient 
propulsion for normal delivery20,25. Although ce-
sarean rates have been reported to decrease with 
high-dose VD replacement (4,000 IU/day), a me-
ta-analysis showed that VD replacement had no 
effect on cesarean delivery rates8. We found the 
incidence of cesarean section to be 65% in the 
group given 400 IU/day VD, and 75% in the group 
given 600 IU/day VD. The cesarean rate of the 
non-replacement group was 70%. There was no 
difference in cesarean section rates between the 
replacement and control groups. The increase in 
cesarean rates due to maternal request in the last 
two decades prevents us from clearly evaluating 
the effect of VD on cesarean rates. Even if VD 
levels reach normal levels after replacement, the 
patient or physician may determine the delivery 
method as cesarean section. Therefore, the effect 
of VD on pelvic muscle strength alone cannot be 
a determinant of the mode of delivery. Similarly, 
no significant difference was found between the 
birth weeks and fetal birth weights of the VD rep-
lacement group and the control group. Although 
some researchers say that low VD levels lead to 
chronic inflammation and cause preterm delivery, 
most studies have failed to establish a link betwe-
en VD and time of delivery20,21,26. Although the-
re is a positive link between VD levels and birth 
weight, birth length and calvarium development, 
many studies have not been able to confirm this 
relationship27. Although VD replacement increa-
ses fetal bone content, its effect on fetal weight is 
unclear. Because fetal weight is a multicomponent 
condition, including paternal genetics and envi-
ronmental factors, it is unusual for VD to deter-
mine fetal weight alone4. 

Conclusions

Despite the small number of cases, our study 
provides important data in terms of examining 
many obstetrical complications associated with 
VD deficiency. VD replacement therapy during 
pregnancy does not prevent the development of 
PIH and GDM, and does not significantly cont-
ribute to the time and mode of delivery. More 

comprehensive investigation of the relationship 
between high-dose VD replacement and obstetric 
complications will provide a clearer answer to the 
question of whether we should replace in pregnant 
women with low VD values.
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