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Abstract
Background: There is inconsistent data on the effects of vitamin D supplementation on metabolic pro�les
in pregnant women with gestational diabetes mellitus (GDM). The aim of the current study was to assess
the effect of vitamin D supplementation on the glycemic and metabolic status of pregnant women with
GDM.

Methods: In this randomized double-blind controlled trial pregnant women with GDM referred to the
Diabetes Clinic of Hormozgan University of Medical science, Bandar Abbas, 2016-2017, were randomly
assigned to the intervention (n=25) and placebo (n=25) groups. Subjects in the intervention group
received two 50000 IU vitamin D3 pearls (at baseline and at day 21) plus 1000 mg calcium daily, and
those in the placebo group received 2 placebos at the same times and 1000 mg calcium daily. Fasting
blood samples were collected at baseline and after 6 weeks for the measurement of lipid pro�le, fasting
plasma glucose (FPG), insulin, 25-hydroxy vitamin D, calcium, and phosphorus. Homeostatic model
assessment for insulin resistance (HOMA-IR) was calculated.

Results: Serum 25-hydroxy vitamin D signi�cantly increased in the intervention group (P<0.001). Vitamin
D supplementation signi�cantly decreased FPG (P=0.049), serum insulin level (P=0.001), and HOMA-IR
(P=0.001) in the intervention group compared to the placeb group. Furthermore, vitamin D signi�cantly
reduced serum triglyceride (P=0.0.002), whereas it had no signi�cant effect on total cholesterol
(P=0.099), low-density lipoprotein cholesterol (LDL-C) (P=0.279) , and high-density lipoprotein cholesterol
(HDL-C) (P=0.472) compared to the placebo group.

Conclusions: Vitamin D supplementation can be bene�cial in the regulation of FPG, insulin level, and
HOMA-IR in pregnant women with GDM.

Trial registration: The research has retrospectively been registered at the Iranian Registry of Clinical Trials
(IRCT) with the registration number: IRCT20150607022585N3 and is accessible at the following website:
www.irct.ir. 

Background
Gestational diabetes mellitus (GDM) is a common metabolic disorder of pregnancy and is de�ned as any
degree of glucose intolerance diagnosed for the �rst time during pregnancy (1). GDM accounts for
roughly 90% of the total cases of diagnosed diabetes in pregnant women (2). The prevalence of GDM is
constantly increasing, possibly due to the increase in maternal age and weight (1). The prevalence of this
disorder is estimated between 1 and 14% throughout the world. This variation might stem from using
various screening criteria and diagnostic tests, as well as the difference in individual characteristics such
as age and pre-pregnancy body mass index (BMI) (1, 3). Age over 25 years, obesity, history of
macrosomia, history of GDM in previous pregnancies, gestational hypertension, family history of type 2
diabetes, and ethnicity are primary risk factors of GDM (4, 5).

http://www.irct.ir/
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GDM is associated with several short-term maternal and perinatal complications, also long-term
consequences for both mothers and their offspring (6, 7). The short-term adverse outcomes for mothers
are the increased risk of preeclampsia, urinary tract infection, and cesarean section. In addition, the
increased future risk of type 2 diabetes in approximately 60% and the risk of GDM recurrence in
subsequent pregnancies in more than 40% in women with a history of GDM, are major long term adverse
consequences of GDM for mothers (8–10). Some of the fetal consequences are macrosomia, birth
trauma, hypoglycemia and respiratory distress syndrome (5, 11) and offspring long-lasting adverse
health complications are type 2 diabetes, obesity, and neurodevelopmental, neuropsychiatric and
ophthalmic problems (4).

Early diagnosis and proper treatment of GDM reduces the risk of its complications (4). The main
treatments for GDM include medical and nutritional therapy, physical activity, weight management,
hypoglycemic agents, and insulin therapy (2, 12).

Pregnancy is accompanied by insulin resistance during the second and early third trimesters resulting in
a remarkable increase in insulin secretion (12, 13). Increased levels of some hormones including human
placental lactogenic hormone, growth hormone, cortisone, estrogen, and progesterone lead to reduced
insulin sensitivity (1).

Vitamin D plays a signi�cant direct and indirect role in secretion and function of insulin as well as
glucose homeostasis through several mechanisms. Studies show that vitamin D supplementation
modi�es metabolic status and increases insulin sensitivity in patients with type 2 diabetes (14).

According to studies, the prevalence of vitamin D de�ciency is considerable among pregnant women (15,
16), which might increase the risk of GDM. Although the systematic reviews of observational and
randomized clinical trial studies showed a signi�cant association between maternal vitamin D de�ciency
and the GDM occurrence (17–19), there are controversial results in this area. Therefore, the aim of the
current study was to investigate the effect of supplementation with vitamin D on glycemic and metabolic
status of pregnant women with GDM.

Methods

Subjects
This randomized, double-blinded, placebo-controlled clinical trial was conducted in Bandar Abbas, Iran,
between the years 2016 and 2017. According to the suggested formula for calculation of sample size for
randomized clinical trials, and considering type I error of 5% (α = 0.05) and type II error of 10% (β= 0.10,
power=90%), and using data from a previous study (20), the sample size was calculated as 25 subjects in
each group. Subjects were selected from those who were referred to the Diabetes Clinic of Hormozgan
University of Medical science, Bandar Abbas, Iran based on the inclusion and exclusion criteria. Inclusion
criteria were as follows: pregnant women aged 18–40 years, diagnosis of GDM after the �rst trimester by
 the one-step standard diagnostic test (a single 75-g oral glucose tolerance test) according to the
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International Association of the Diabetes and Pregnancy Study Groups (IADPSG) criteria (21), and written
informed consent to participate in the study. Whereas, the exclusion criteria were: preeclampsia, insulin
therapy, hypothyroidism, urinary tract infection, chronic kidney disease, liver diseases, and smoking.
Among 61 referred pregnant women with GDM, 52 eligible patients were invited to take part in the study.
Participants were assigned to the intervention (n=25) and control groups (n=25) by computer
randomization (�g. 1). The research has retrospectively been registered at the Iranian Registry of Clinical
Trials (IRCT) with the registration number: IRCT20150607022585N3 and is accessible at the following
website: www.irct.ir.

Intervention
First, goals, methods, and the stages of the project were fully explained to the participants and written
informed consent was obtained from every patient. The duration of the study was 6 weeks for each
participant. The intervention group received two vitamin D supplements (D-VIGEL 50000IU CAP, Daana
Pharma Co, Iran) at the beginning of the study and 21 days later, along with 1000 mg/d calcium
supplement (Jalinous Pharmaceutical Co, Iran). The control group received two placebo capsules (Daana
Pharma Co, Iran) at the same time and 1000 mg/d calcium supplement (Jalinous Pharmaceutical Co,
Iran). In order to modify the effect of diet on study outcomes, all women were consulted by a clinical
dietician individually and received personalized diet plans according to their condition. Furthermore, they
were asked not to change their daily physical activity.

Variables assessment
Data on the clinical and gestational status of participants were recorded by an endocrinologist in a
checklist. A general information questionnaire was used to collect data on the general characteristics of
the attendees. Anthropometric indices including height (without shoes with the precision of 0.5 cm),
weight (with light clothes and with the precision of 100 g using Seca scale), BMI (by dividing weight (kg)
by height squared (m2) was calculated. Fasting blood samples were collected twice (at the study baseline
and at the end of the intervention) to measure lipid pro�le, fasting plasma glucose (FPG), insulin, 25-
hydroxy vitamin D, calcium, and phosphorus. Commercial kits and chemiluminescent immunoassay
technology were applied for the measurement of serum 25-hydroxy vitamin D concentration (DiaSorin Inc,
USA) and serum insulin level (DiaSorin Inc, Italy). Fasting plasma glucose (FPG), serum cholesterol,
triglyceride, low-density lipoprotein cholesterol (LDL-C), high-density lipoprotein cholesterol (HDL-C),
calcium, and phosphorus were measured using commercial kits (Pars Azmun Inc, Iran). Homeostatic
Model Assessment of Insulin Resistance (HOMA-IR) was calculated using the suggested formula (22).

Statistical analysis

http://www.irct.ir/
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Statistical Package for the Social Sciences (SPSS) software (version 25.0, Armonk, NY: IBM Corp.) was
used for data analysis. The normality of data distribution was assessed using the Shapiro-Wilks test. To
compare quantitative variables which were measured at baseline and the end of the intervention, paired t-
test (for data with normal distribution) and Wilcoxon test (for non-normally distributed data) were
applied. Independent t-test (for data with normal distribution) and Manne-Whitney test (for non-normally
distributed data) were used to compare quantitative variables between two groups. To remove the
potential effect of baseline values on our results, the analysis of covariance test was used. P-value≤0.05
was considered statistically signi�cant.

Results
During the 6-week follow-up, a subject in the intervention group (due to personal reasons) and a subject in
the control group (due to insulin therapy) withdrew from the study. Fifty participants (n = 25 each group)
were followed up to the end of week sixth. The mean and standard deviation of the general
characteristics of each group is shown in Table 1. No signi�cant differences were found between groups
regarding maternal age, gestational age, weight, and BMI at baseline and at the end of the study.

Table 1
General characteristics of participantsa

Variables Vitamin D groupb

(n = 25)

Placebo groupc

(n = 25)

P-valued

Maternal Age (year) 32.24 ± 3.71 31.52 ± 6.12 0.618

Pregnancy age (weeks) 22.55 ± 6.97 21.52 ± 7.42 0.705

Height (m) 158.04 ± 4.26 158.72 ± 8.31 0.718

Weight at study baseline (kg) 68.88 ± 14.23 69.80 ± 16.40 0.437

Weight at the end of intervention (kg) 69.50 ± 14.82 70.28 ± 17.5 0.512

BMI at study baseline (kg/m2) 27.65 ± 5.10 27.63 ± 5.8 0.157

BMI at the end of intervention (kg/m2) 28.96 ± 5.88 29.21 ± 6.27 0.432

aValues are reported as mean ± SD.

bReceived 50,000 IU vitamin D3 twice during the study (at baseline and at day 21 of study) plus
1000 mg/d calcium supplement.

cReceived placebo twice during the study (at baseline and at day 21 of study) plus 1000 mg/d
calcium supplement.

dObtained from independent t-test
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Pre-intervention serum concentration of 25-hydroxy vitamin D was under the normal value in both groups
(13.89 ± 6.30 ng/ml in vitamin D group, and 13.23 ± 8.32 ng/ml in the placebo group). In addition, a
signi�cant difference in serum HDL-C level was found between two groups at the study baseline (P < 
0.001); mean serum HDL-C level was signi�cantly higher in the control group (56.68 ± 20.98) compared to
the vitamin D group (51.20 ± 8.93) (Table 2).
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Table 2
shows the outcomes of the study after the 6-week intervention. Supplementation with 50000 IU

Variables Vitamin D3 groupb (n = 25) P14 Placebo groupc (n = 25) P1d P2e

Before
intervention

After
intervention

Before
intervention

After
intervention

25-hydroxy
vitamin D
(ng/mL)

13.89 ± 
6.30

25.92 ± 
11.28

< 
0.001

13.23 ± 
8.32

13.95 ± 
9.42

0.412 <0.001

FPG
(mg/dL)

88.84 ± 
11.31

83.96 ± 
10.29

< 
0.001

85.41 ± 
11.80

84.64 ± 
10.14

0.657 0.049

Insulin
(µIU/mL)

12.59 ± 
5.36

9.98 ± 3.90 < 
0.001

11.11 ± 
4.23

11.00 ± 
4.28

0.215 0.001

HOMA-IR 2.72 ± 1.1 2.01 ± 0.76 < 
0.001

2.18 ± 0.92 2.05 ± 0.80 0.393 0.001

Triglyceride
(mg/dL)

142.40 ± 
37.90

128.56 ± 
28.74

0.006 134.44 ± 
32.51

141.26 ± 
34.48

0.080 0.002

Total
Cholesterol
(mg/dL)

209.40 ± 
37.94

192.32 ± 
37.29

0.001 218.92 ± 
37.22

214.12 ± 
37.99

0.174 0.099

LDL-C
(mg/dL)

129.70 ± 
23.96

113.60 ± 
35.38

< 
0.001

135.35 ± 
33.13

126.12 ± 
38.06

0.012 0.279

HDL-C
(mg/dL)

51.20 ± 
8.93

53.00 ± 
8.80

0.223 56.68 ± 
20.98

59.72.60 ± 
21.63

0.063 0.472

Calcium
(mg/dL)

9.02 ± 0.35 9.16 ± 0.39 0.149 8.96 ± 0.41 9.07 ± 0.33 0.265 0.837

Phosphor
(mg/dL)

3.90 ± 0.49 3.91 ± 0.39 0.939 3.78 ± 0.36 3.79 ± 0.32 0.876 0.975

aValues are reported as mean ± SD. HDL-C was signi�cantly different between groups at baseline (P < 
0.05). FPG, Fasting Plasma Glucose; HOMA-IR, Homeostatic Model Assessment of Insulin Resistance

bReceived 50,000 IU vitamin D3 twice during the study (at baseline and at day 21 of study) plus
1000 mg/d calcium supplement.

cReceived placebo twice during the study (at baseline and at day 21 of study) plus 1000 mg/d
calcium supplement.

dP1 value, the difference compared with the value at the beginning of study within groups.

eP2 value, mean difference of changes between two groups.

Table 2 shows the outcomes of the study after 6-week intervention. Supplementation with 50000 IU
vitamin D3 increased the serum concentration of 25-hydroxy vitamin D in the intervention group (P < 
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0.001); mean change was signi�cantly different between groups (P < 0.001). Besides, the intake of
vitamin D3 resulted in a signi�cant decrease in the level of FPG, serum insulin concentration, HOMA-IR,
and triglyceride compared to placebo. Although vitamin D3 supplementation caused a signi�cant decline
in total cholesterol and LDL-C within the intervention group, mean change of total cholesterol, LDL-C, and
HDL-C did not differ signi�cantly between groups. Furthermore, no signi�cant differences were observed
in serum calcium and phosphor levels between groups at the end of the study. After adjustment for
baseline values, serum concentration of 25-hydroxy vitamin D, FPG, serum insulin concentration, HOMA-
IR, and triglyceride remained signi�cantly different between two groups (P < 0.05) (Table 3).

Table 3
Adjusted changes in measured variables in intervention and control groupsa

Variables Vitamin D Groupb (n = 25) Placebo Groupc

(n = 25)

P-valued

25-hydroxy vitamin D 12.12 ± 1.81 0.71 ± 0.82 < 0.001

FPG -4.88 ± 1.12 -0.76 ± 1.69 0.041

Insulin -2.81 ± 0.65 -0.09 ± 0.42 0.002

HOMA-IR -0.71 ± 0.14 -0.08 ± 0.09 0.002

Triglyceride -13.84 ± 4.4 6.7 ± 6.25 0.002

Total-Cholesterol -17.08 ± 5.26 -4.80 ± 3.99 0.056

LDL-c -16.11 ± 5.33 -9.19 ± 3.36 0.351

HDL-c 1.80 ± 1.28 3.04 ± 1.58 0.366

Calcium 0.14 ± 0.09 0.11 ± 0.09 0.263

Phosphor 0.008 ± 0.10 0.12 ± 0.07 0.313

aAll values are means ± SEMs(standard error of mean) adjusted for baseline values.

bReceived 50,000 IU vitamin D3 twice during the study (at baseline and at day 21 of study) plus
1000 mg/d calcium supplement.

cReceived placebo twice during the study (at baseline and at day 21 of study) plus 1000 mg/d
calcium supplement.

dAnalyzed by ANCOVA

 

Discussion
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In the current clinical trial, we evaluated the effect of 50000 IU vitamin D3 supplementation on the
metabolic pro�le of pregnant women with GDM. Vitamin D de�ciency is known as a risk factor for
diabetes mellitus (23). The positive impact of supplementation with vitamin D on glucose homeostasis is
con�rmed by in vivo and in vitro studies (24). Observational and cohort studies have demonstrated a
negative correlation between serum 25-hydroxy vitamin D and the risk of GDM (24, 25). Evidence shows a
higher prevalence of GDM among pregnant women with vitamin D de�ciency compared to women with
normal serum concentration of 25-hydroxy vitamin D (24). The limited clinical trials that have assessed
the effect of vitamin D supplements on glycemic and metabolic status in GDM patients have revealed
inconsistent results.

It has been suggested that vitamin D plays a role in the regulation of insulin secretion. Pancreatic beta
cells express vitamin D receptors (VDR) and 1-alpha hydroxylase enzyme which shows the functional
activity of the active form of vitamin D (1, 25-hydroxy vitamin D3) in these cells. 1, 25-hydroxy vitamin D3
binds to VDR on pancreatic beta cells and regulates the intra- and extra-cellular concentration of calcium
in beta cells (23, 26). Calcium is essential for insulin release (27). Vitamin D can also improve the
physiological activity of insulin through the up-regulation of the insulin receptor gene, induction of insulin
receptor expression, increase in insulin sensitivity, and insulin-dependent glucose transporter (26, 28).

Our results showed that vitamin D3 supplementation reduced the level of FPG, fasting serum insulin, and
HOMA-IR in GDM subjects. Some studies have shown the positive effect of vitamin D3 supplementation
on the glycemic status similar to our �ndings. Asemi et al. reported that intake of 50000 IU vitamin D3
(twice a day for six weeks) led to a decrease in FPG in women with GDM. Similar to our study, they also
reported a signi�cant decrease in serum insulin and HOMA-IR (25). In a study by Zhang et al., 133
pregnant women with GDM were divided into 4 groups (placebo and low, medium, and high doses of
vitamin D). Low, medium, and high doses of vitamin D supplementation did not reduce FPG. Similar to
our study, they reported a decrease in serum insulin and HOMA-IR levels in groups receiving medium and
high doses of vitamin D supplements (29). In another study, insulin resistance decreased in patients with
GDM who received 50000 IU vitamin D, every 2 weeks from the 12th week of pregnancy up to delivery
(higher vitamin D3 dose and the duration are comparable with our study) (30).

In our study, vitamin D3 consumption also decreased serum triglyceride while could not improve other
serum lipid components. Contrary to our �ndings, Asemi et al., and Zhang et al., reported that
cholecalciferol intake decreased the level of total cholesterol; however, it displayed no signi�cant effect
on serum triglyceride, LDL-C and HDL-C levels (25, 29). Moreover, in a study on overweight and obese
participants, intake of cholecalciferol supplement for a period of one year did not reduce any components
of the lipid pro�le (31). Notably, we did not take into account the dietary intake of patients before and
after the intervention; the potential differences in dietary intake between the two groups might have
affected the results.

In the current study, mean serum 25-hydroxy vitamin D3 was below the normal range (< 30 ng/dl) in both
groups at the study baseline, and supplementation with 50000 IU vitamin twice during the study could
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not increase the concentration of serum 25-hydroxy vitamin D3 to optimal ranges. Therefore, the
ineffectiveness of vitamin D3 intake on lipid pro�le might partly be due to insu�cient supplementation.
Nevertheless, it improved the glycemic status and insulin resistance index. It appears that even short-term
insu�cient vitamin D3 doses might have some bene�cial effects on GDM .

One of the strengths of the current study was its double-blind randomized design which included
pregnant women with different gestational age. Lack of accurate dietary intake assessment, physical
activity, and the short duration of intervention are the limitations of our study that it might have
negatively impacted our �ndings regarding the lipid pro�le. The researchers did not observe any side
effects in participants.

Conclusions
In conclusion, our investigation showed that vitamin D3 supplementation was effective in the
improvement of metabolic pro�le and triglyceride level in GDM patients; however, it did not result in
reduction of other components of the lipid pro�le. Hence, further studies are suggested with longer
duration, different doses of vitamin D3 supplementation, and in different ethnic groups to reach
consistent results.
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Figure 1

Flow Diagram


