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Abstract

Gestational diabetes mellitus is an unfavorable outcome in some pregnancies, which its prevalence has increased in the world in recent years.
The present study is designed and performed to evaluate the effects of oral supplementation of vitamin D on the metabolic condition of
expectant women suffering from gestational diabetes. In the present double-blind randomized clinical trial study, 36 women suffering from
gestational diabetes in the range of 18-40 years were randomly divided into two groups. People in the vitamin D group (n=15) got a single
dose of 2000 1U/d vitamin D during six weeks of intervention, and the people in the control group (n=15) similarly got placebo. Blood
specimens of the persons were taken as fasting once at the research beginning and once at the termination of the sixth week of intermediation.
In total, 30 participants were entered into the final analysis. In the vitamin D group, it was found a significant decrease in FPG (-0.4+10 vs -
14.8+14.4, p=0.004), insulin (-0.2+1 vs -0.7+1.2, p=0.03) and HOMA-IR (-0.4+0.3 vs 0.1+0.4, p=0.001) and a significant enhancement in
HOMA_B (184.5+120 vs -4.2+105, p<0.001) and QUICKI (0.009+0.008 vs -0.003+0.008, p<0.001) in comparison to the control group.
Vitamin D3 supplementation had no significant impact on serum contents of total cholesterol, triglyceride, LDL, HDL, IGF-1, and growth
hormone levels. Supplementation with 2000 IU vitamin D3 for six weeks has positive effects on glycemic condition control in expectant
women suffering from GDM but does not affect the lipid profile, growth hormone, and IGF-1 levels, in them.
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INTRODUCTION indicate that vitamin D is involved in cardiovascular diseases,
cancer, immune-related diseases, and also diabetes due to the
wide distribution of vitamin D receptors [9]. Vitamin D
receptors are present in beta cells of the Islets of Langerhans,

Gestational Diabetes Mellitus (GDM) includes any glucose
intolerance or defect in insulin metabolism that is started in
pregnancy for the first time or diagnosed during 24-28th 0 i . - .
weeks of gestation period [1]. In recent years, due to the and vitamin D affects insulin secretion and insulin function
changes in the living standards of the human population and by affe(_:tlng_lts receptors on these cells [10].' _On the. other
also advances in medical diagnosis technology, the hand, insulin resistance can cause dyslipidemia; and
prevalence of GDM has increased in the world [2 ’3] In situations like hypertriglyceridemia are also linked to the
addition, in Iran, the prevalence of GDM is growing, as the  ncidence of insulin resistance [11, 12].

prevalence has been estimated at 5.88% in 2014 [4].
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a great interest to evaluate vitamin D [8]. Recent studies
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Vitamin D deficiency has been reported in 80% of Iranian
pregnant women and is more likely to occur in women with
GDM in comparison to women with standard carbohydrate
tolerance [13, 14]. This situation may happen due to
inadequate intake of vitamin D, which in turn affects maternal
physiology, fetal and placental growth at the cellular level,
and GDM progression [15, 16]. Along with vitamin D, other
endocrine factors involved in insulin homeostasis include
growth hormone (GH), which in combination with prolactin
and placental lactogen, stimulates beta-cell proliferation,
insulin gene expression, biosynthesis, and insulin secretion
[17]. GH in combination with Insulin-like Growth Factor-1
(IGF-1) and insulin increases nitrogen storage during the
body’s surplus energy conditions, and when food intake is
low, shifts the energy source from carbohydrate and protein
fuels to fat and maintains vital protein reserves [18]. IGF-1 is
a polypeptide that has a similar structure to insulin, and
researches indicate that its injection causes hypoglycemia in
experimental animals as a result of peripheral glucose uptake
[19]. IGF-1 also reduces blood glucose and improves insulin
activity in insulin-resistant patients [20]. Although some
studies have shown that vitamin D affects circulating IGF-1
levels and may also influence its synthesis or activity, the
interaction between vitamin D and the GH/IGF-1 system is
very complicated and has not been fully identified yet [21].

The results of the GDM studies are not consistent; for
example, in Yazdchi et al.’s (2016) research on 76 patients
with GDM, intervention with 50,000 IU vitamin D
supplement per week for two months, showed a significant
change in fasting glucose, total cholesterol and LDL-
cholesterol in the supplemented group, but no significant
changes in fasting insulin and hemostasis model evaluation
index of insulin-resistance (HOMA-IR) were seen in either
group and also measured improvement in lipid profile was not
statistically significant [22]. Moreover, in Aasemi et al.’s
(2013) study with 50,000 IU vitamin D supplement once
every three weeks for six weeks, the results showed positive
impacts on glycemic status control, total cholesterol, and
LDL-cholesterol in GDM patients, while other components
of lipid profile were not affected [10]. According to our
knowledge, among the studies that have been done on GDM
patients, none have directly assessed the GH and IGF-1. This
research is designed and performed aiming at evaluating the
impacts of oral supplementation of vitamin D on the
metabolic condition of expectant ladies suffering from
gestational diabetes and also to evaluate interactions between
vitamin D and GH/IGF-1 system.

MATERIALS AND METHODS

Participants

The present random, double-blind, placebo-controlled
intervention was performed between September 2018 and
March 2019 in Urmia. The proposed formula for clinical
trials was used to estimate the sample volume. Error type |
(a) and error type II (B) (80% power) were considered 0.05
and 0.2, respectively, and FPG was considered as a key
variable [10]. By applying average values and standard
deviation of change in FPG after intervention in formula (-
17.12+14.84 in the vitamin D group and -0.96£16.64 in the
placebo group), 15 individuals were obtained for each group.
Considering a 20% dropout rate, the total number of
individuals considered for each group is 18. Study
participants were pregnant women aged 18-40 years with
GDM diagnosed using the OGTT test with 75 g glucose
during 24-28 weeks of pregnancy [23]. Pregnancy age was
calculated from the date of the last menstruation using clinical
assessments [24]. Diagnostic criteria of the International
Diabetes and Gestation Society were used to diagnose GDM,;
as having one of the following conditions confirms the
diagnosis of GDM: FBS>92 mg/dl, GTT1h>180 mg/dl, and
GTT2h>153 mg/dl [25]. Among the 550 pregnant women
screened at the Midwifery Clinic of Urmia University of
Medical Sciences for diagnosis of GDM, 36 were eligible for
entering the study. 500 patients were excluded from the study
due to not having GDM, and 14 were omitted due to having
at least one exclusion criterion (Figure 1). Exclusion criteria
included chronic hypertension or gestational hypertension,
history of liver or gastrointestinal diseases, smoking or using
alcohol, twin or multiple pregnancies, receiving vitamin D
supplements or hypoglycemic drugs, and body mass index
was over 40. Finally, 36 participants were randomly assigned
to supplement (n=18) and placebo (n=18) groups and were
interventions and followed up for six weeks. Random
assignment was carried out by sealed envelopes designed by
a person other than the researcher. Informed written
agreement was completed for all pregnant women taking part
in the study. The present study is confirmed by the Ethics
Committee of Research in Urmia University of Medical
Sciences and is registered at the Iranian Clinical Trial Study
Database with the code IRCT20130616013678N29. In
addition, the grants of this research are funded by the Urmia
University of Medical Sciences.
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Figure 1. Summary of Patient Flow. Individuals in the Vitamin D Group Received Perls
Containing 2000 IU Vitamin D3 Daily During the Study; Participants in the Control Group

Received Placebo Daily at the Same Times.

Study Design

Participants (randomly placed in one of the experimental and
control groups) in the vitamin D group received a daily oral
dose of 2000 IU vitamin D3. The placebo group was also
given one placebo pill daily. The main supplements and
placebo, made by Zahravi Pharmaceutical Company, looked
completely the same. Supplement and placebo packages were
coded A and B by a person other than the researcher
beforehand, and the researcher was unaware of the nature of
the cans until the end of the data analysis. The intervention
lasted for six weeks. All participants received 400 pg/day
folic acid three months before gestation and 60 mg/day
ferrous sulfate since week 16 of pregnancy according to
national guidelines. Compliance with vitamin D
supplementation was assessed by measuring vitamin D serum
levels.

Evaluating the Variables

Demographic data of the participants, including age,
education level, smoking and alcohol using status, place of
residence, history of illness, and medicines and supplements
intake, were completed through a general information
questionnaire. Anthropometric data including weight
(measured without shoes, with the lowest possible clothes
using SECA scale (made in Germany) with the precision of
100 g), height (assessed without shoes, using a tape measure
installed on the wall with the precision of 0.5 cm), BMI
(weight in kg divided by height in meters to the power of 2),

and blood pressure (in the sitting position using Riester
barometer (made in Germany)) were obtained at the
beginning of the research and the end of the intermediation.
Dietary intakes of the participants were assessed for
measuring vitamin D, the amount of energy, carbohydrate,
protein, fat, and fiber intake using a 24-hour recall
questionnaire at the beginning of the research and the end of
the intermediation. The information was collected in two
three-day intervals (three times in the first week and three
times in the last week of the intervention) and two normal
days and one day off from participants. The first and the final
evaluation were done in person and the other four times by
telephone. Nutrition intake data were analyzed by Nutritionist
IV (modified for Iranian foods). The patients' physical
activity and exposure to sunlight were also assessed by the
related questionnaire. At the beginning of the research and
end of the sixth week of the intermediation, after at least 12
hours of fasting, 5 ml of venous blood was collected by a
laboratory technician at the laboratory of Medical Diagnosis
and Pathology of Shahid Motahari Educational and Medical
Center. For serum separation, blood specimens were quickly
centrifuged at 3000 rpm for 10 minutes, and the serums were
frozen at -80° until final analysis time.

Dialab kits (Austria, Dialab) and a BT 1500 device (made in
Italy) were used to measure FPG, cholesterol, TG, LDL, and
HDL factors. The intra-assay and inter-assay CVs FPG were
1.29% and 1.50%, respectively. For lipid profiles, the inter-
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assay and inter-assay CVs were less than 5%. Serum contents
of 25(0OH)D were assessed by the Roche
Electrochemiluminescence kit (Germany, Mannheim, Roche)
and a Cobas e 411 device (made in Germany). The intra-assay
and inter-assay CVs for 25(OH)D were 5.16 and 3.44%,
respectively. Serum levels of insulin and GH were assessed
by ELISA kit (USA, Monobind) and Stat Fax 4200 (USA)
device. The intra-assay and inter-assay CVs for insulin and
GH were 4.36% and 6.15%, respectively. Serum levels of
IGF-1 were also measured using the ELISA kit (Germany,
Nordhorn, LDN). The intra-assay and inter-assay CVs for
IGF-1 were 12.60% and 6.90%, respectively. HOMA-IR,
HOMA-B, and QUICKI indexes were assessed based on the
proposed formulas. Measurements of vitamin D, glucose,
insulin, lipid profile, GH, and IGF-1 of a placenta were
performed (before and after the intervention) in a blind
procedure and with the same analysis.

Statistical Analysis

In this study, data analysis was conducted using SPSS v.16
software. Kolmogorov-Smirnov test was applied to evaluate
the normality of the distribution of variables. Logarithmic
transforms were applied for variables with an abnormal
distribution. ANOVA and analysis of variance tests were
applied to specify and compare diversities in the general
specification, blood factors, and dietary intakes. To compare
participants in terms of physical activity and sunlight

exposure time, we used the Chi-squared method. In all
statistical tests, a significance level of less than 0.05 was
considered statistically significant.

REsuLTs AND DiscussioN

Among the participants, three of the experimental group were
omitted because of preterm labor (n=2) and hospitalization
(n=1). Additionally, three participants in the control group
were omitted because of insulin therapy (n=1), abortion
(n=1), and lack of cooperation (n=1 due to the distance).
Finally, 30 participants (15 in the vitamin D group and 15 in
the placebo group) completed the intervention.

The average weight and BMI at the beginning of the research
and after ending the intervention, and the average age and
height were not significantly different between the
participants of the two groups. Blood pressure and maternal
weight gain at the beginning of the study and after six weeks
of intermediation with 2000 IU vitamin D3 were not
significantly different between control and experimental
groups (Table 1). Participants' dietary intakes, according to
three-day dietary records during the intermediation, showed
no significant difference between the two groups concerning
receiving energy, carbohydrate, protein, fat, saturated fatty
acids, cholesterol, total dietary fiber, and vitamin D (Table
2).

Table 1. General Characteristics of GDM Patients Who Received Vitamin D Supplements or Placebo 1

Placebo group 2 (n=15) Vitamin D group 3 (n=15) P-value 4
Maternal age (y) 30.4+7.8 33.3+5.8 0.26
Gestatitonal age (w) 29.6+2.3 29+2.1 0.52
Height (cm) 157.6+7.2 15445.6 0.13
Weight at the beginning of the study (kg) 70.2+£12 73.6+7.2 0.35
Weight at end-of-test (kg) 72.4+12.5 75.1£7.6 0.48
Weight changes (kg) 2215 1.5+1.5 0.21
BMI at the beginning of the study (kg/m?) 28.4+5.8 31+2.6 0.13
BMI at end-of-test (kg/m?) 29.4+6 31.6+2.7 0.19
BMI changes (kg/m?) 0.9+0.6 0.6+0.6 0.25
SBP at the beginning of the study (mmHg) 105.3+6.3 108+9.4 0.37
DBP at end-of-test (mmHg) 109.3+9.6 113.3+10.2 0.75
SBP at the beginning of the study (mmHg) 70.3t5.4 69.6+6.1 0.28
DBP at end-of-test (mmHg) 74.3+£7.2 74.3£8.2 1.0
Weight gain during of intervention (gr) 2286.6+1547 152041493 0.18
GDM= Gestational Diabetes Mellitus; BMI= Body Mass Index; SBP = Systolic Blood Pressure; DBP = Diastolic Blood Pressure
1 Data are means + standard deviations.
2 Received one placebo pill daily during the study.
3 Received 2000 IU vitamin D3 daily during the study.
4 Obtained from analysis of variance test.
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No significant difference was seen between control and
experimental groups concerning physical activity and
sunlight exposure time. There was no significant difference
between the two groups in the initial values (except the ratio
of total cholesterol to HDL). Supplementation with 2000 U
vitamin D3 in comparison to placebo led to a remarkable
enhancement in serum contents of 25(OH)D (10.7+6.8 vs
1.746, p=0.001). Besides, vitamin D3 supplementation

insulin (-0.2+1 vs -0.7+1.2, p=0.03) and HOMA-IR (-0.4+0.3
vs 0.1+0.4, p=0.001) and significantly increased HOMA-B
(184.5+120 wvs -4.2+£105, p<0.001) and QUICKI
(0.009+0.008 vs -0.003+0.008, p<0.001) compare to placebo.
In addition, no significant impact of vitamin D3
supplementation on serum total cholesterol, triglyceride,
LDL, HDL, total cholesterol to HDL ratio, IGF-1, and GH
was observed (Table 3).

significantly reduced FPG (-14.8+14.4 vs -0.4+10, p=0.004),

Table 2. Dietary Intakes of GDM Patients Who Received Vitamin D Supplements or Placebo during the
Research 1

Placebo group 2 (n=15) Vitamin D group 3 (n=15) P-value 4
Energy (kcal/day) 1600+444.5 1401.7+645.6 0.33
Carbohydrate (g/day) 196.6+72.7 185.3+104.8 0.73
Protein (g/day) 63.7+28.2 52.3+25.2 0.25
Fat (g/day) 62.7+16.6 51.6+21.9 0.13
Saturated fatty acids (g/day) 12.4+3.4 11+5.4 0.39
Cholesterol (g/day) 96.7+99.7 140.3+119.8 0.28
Fiber (g/day) 25.4+13.3 21.2+18.1 0.48
Vitamin D (ng/day) 1.740.3 1.740.5 0.79

GDM= Gestational Diabetes Mellitus;

1 Data are means + standard deviations.

2 Received one placebo pill daily during the study.

3 Received 2000 IU vitamin D3 daily during the study.
4 Obtained from analysis of variance test.
Normalization using Logarithmic transforms.q

Table 3. Metabolic Profiles, GH and IGF-1 at the Beginning of the Study and 6 Weeks after the Intermediation in
GDM Patients Who Received Vitamin D Supplements or Placebo 1
Placebo group 2 (n=15)

Vitamin D group 3 (n=15)

P-value
Week 0 Week 6 Change Week 0 Week 6 Change
Vitamin D (ng/mL) 19.1+8.3 20.9+8.3 1.7+6 19.549.4 30.2+7.4 10.7+6.8 0.001
FPG (mg/dL) 87.2+17.8 86.8+11.9 -0.4+10 91.5+14.6 76.7+£3.4 -14.8+14.4 0.004
Insulin (uIU/mL) 10.5+1.3 11.2+1.3 0.7£1.2 11.1+1.3 10.3+0.9 -0.2+1 0.03
HOMA-IR 2.240.5 2.3+0.3 0.1+0.4 2.5+0.4 1.9+0.2 -0.4+0.3 0.001
HOMA-B 217.1+£102 212.9+110 -4.2+105 162.1+51.8 330.3+131 184.5+120 <0.001
QUICKI 0.3+0.01 0.33+0.006 -0.003+0.008 0.33+0.009 0.34+0.007 0.009+0.008  <0.001
Total cholesterol (mg/dL) 233.8+51.9 249.4454.5 15.6+42.5 227.2+39.3 234.8+42.2 7.5+20.4 0.51
Triglycerides (mg/dL) 202.6+54.9 252.5+57.2 49.9+75.5 208.1+£52.6 234.6+48.6 26.5+40.4 0.29
LDL-cholesterol (mg/dL) 127+32.6 131+34.9 3.9+28.4 117.1+27.4 118.9+28.7 1.8+14.3 0.80
HDL-cholesterol (mg/dL) 54.6+11 52.2+10.6 -2.4+9.7 60.4+5.1 60+7 -0.33+5.8 0.47
Total:HDL-cholesterol ratio 4.3+0.8 4.8+1.2 0.56+1.3 3.7+0.5 3.9+0.7 0.1+0.5 0.32
GH (ng/mL) 5.3¢1.5 5.1+1.6 -0.2+£1.1 5+1.4 5.6+1.9 0.6+2.1 0.19
IGF-1 (ng/mL) 347.6+105 366.6+98.1 -9.5+41.3 338+93.7 386+97 19.4451.5 0.10

GDM= Gestational Diabetes Mellitus; FPG= Fasting Plasma Glucose; HOMA-IR= Homeostasis Model of Assessment Insulin Resistance; HOMA-B= Homeostatic Model
Assessment-Beta Cell Function ; QUICKI= Quantitative Insulin Sensitivity Check Index; LDL-Cholesterol= Low-Density Lipoprotein Cholesterol; HDL Cholesterol= High-
Density Lipoprotein Cholesterol; GH= Growth Hormone; IGF-1= Insulin-like Growth Factor-1.

1 Data are means + standard deviations.

2 Received one placebo pill daily during the study.

3 Received 2000 IU vitamin D3 daily within the research.

4 Obtained from analysis of variance test.

5 Data adjusted for baseline values.
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CoNcLusION

According to our findings, supplementation with 2000 1U
daily vitamin D for six weeks led to a significant reduction in
FPG, insulin, and HOMA-IR, and a significant enhancement
in HOMA-B and QUICKI in patients with GDM. However,
no significant impact of vitamin D supplementation on serum
levels of total cholesterol, triglyceride, LDL, HDL, total
cholesterol to HDL ratio, IGF-1, and GH was observed in
these patients. GDM includes various severities of
carbohydrate intolerance with onset during the pregnancy or
diagnosis in 24-28th weeks of gestation [26]. Poor control of
maternal glycemic status can lead to complications such as
pregnancy hypertension, pre-eclampsia, cesarean delivery,
macrosomia, and birth time defects [27]. Furthermore,
abnormalities in lipid profiles in GDM are associated with
endothelial vessel dysfunction, atherosclerosis, intrauterine
growth retardation, and type Il diabetes [28]. Timely and
appropriate management of hyperglycemia and dyslipidemia
reduces the complexities and complications of GDM [29].
Epidemiologic researches indicate an opposite association
between vitamin D and pregnancy complications, and on the
other hand, vitamin D deficiency increases the probability of
GDM [30, 31]. The presence of vitamin D is essential in many
physiological processes, so adequate levels of this vitamin are
necessary and beneficial to achieve optimal levels of health
[32-34]. Adequate amounts of vitamin D are also needed
during pregnancy to meet the fetus's increased need for
calcium during growth and evolution [33-35]. In the present
study, supplementation with 2000 1U daily vitamin D for six
weeks significantly increased serum levels of 25(OH)D. On
the other hand, the FPG and insulin levels and HOMA-
HOMA-BIR score decreased significantly in the vitamin D
group, and HOMA-B and QUICKI scores increased
significantly in this group. In line with the results of this
research, Aasemi et al.’s study showed that 50,000 IU
vitamin D every two weeks for six weeks in pregnant women
with GDM significantly reduced fasting glucose and HOMA-
IR score, and remarkably enhanced QUICKI [10]. In contrast,
Zhang et al. study showed that supplementation with 50,000
IU vitamin D every two weeks significantly reduced fasting
insulin levels and HOMA-IR score in women with GDM, but
FPG level, HOMA-B score, and QUICKI were not affected
[36]. The production of inflammatory cytokines is considered
one of the mechanisms of the vitamin D effects on insulin
resistance; it is thought that the association between vitamin
D and chronic inflammation with insulin resistance in type Il
diabetes is mediated by the immune-modulating features of
1,25(0H)2D3 (that is capable of downregulating the
formation of pro-inflammatory cytokines [37]. Several cross-
sectional researches show a relationship between
hypovitaminosis D with higher values of inflammatory
biomarkers like IL-6, while there are other studies that do not
support these findings [38, 39]. A recent meta-analysis by Ojo
et al. shows that vitamin D has a significant effect on serum
levels of insulin and blood glucose parameters in patients
with GDM and vitamin D supplementation improves these
conditions, but whether this effect is due to vitamin D or not

is still unclear [40]. The present study showed that the effect
of six weeks of intervention with 2000 IU daily vitamin D on
serum total cholesterol, triglyceride, HDL, LDL, and ratio of
total cholesterol to HDL was not statistically significant.
Considering our study, the study by Yazdchi et al. showed
that oral treatment with 5,0000 1U vitamin D every two weeks
for two months in persons with GDM had no significant
effect on the lipid profile of the intervention group [22].
Despite our findings, Aasemi et al. in another study showed
that a six-week intervention with a combined supplement of
vitamin D and calcium significantly reduced LDL and ratio
of total cholesterol to HDL and significantly enhanced HDL
in pregnant women with GDM [41]. The results of various
studies on the relationship of vitamin D with lipid profiles are
different and sometimes contradictory. For example, Ford et
al. in the NHANES Il study found a negative association
between serum levels of 25(OH)D with TG in patients with
hypertriglyceridemia, whereas no such association was
observed with HDL in healthy persons [42]. Although certain
researches have suggested the beneficial impacts of vitamin
D on lipid profile, it is unclear whether this effect is due to
the hormonal properties of vitamin D or its association with
the mechanism of calcium [43, 44]. Calcium prevents fat
absorption by forming insoluble soaps with the fat in the food,
thereby moderates the effect of high amounts of fat on blood
lipid accumulation [45]. On the other hand, vitamin D may
affect serum lipid profile by affecting insulin resistance
reduction [46]. Different study designs and differences in
participants' attitudes may be one of the possible reasons for
the differences in the results and findings of the above studies.

In the present study, supplementation with 2000 1U vitamin
D for six weeks had no significant effect on serum levels of
IGF-1 and GH. Some studies have suggested that the GH
regulates the renal alpha-hydroxylase activity, and this is
possible that IGF-1 mediates the GH act in regulating vitamin
D metabolism [47]. The GH/IGF-1 axis can modulate the
metabolism of vitamin D, and in contrast, vitamin D also
affects IGF-1 levels [48, 49]. Low concentrations of IGF-1
are involved in the pathogenesis of deleterious metabolic
processes such as impaired glucose homeostasis. On the other
hand, vitamin D deficiency is particularly prevalent in
patients with GH deficiency, which are usually identified
based on reduced IGF-1 concentrations [50]. Although some
studies have shown that vitamin D affects circulating IGF-1
levels and may affect its synthesis or activity, the interaction
between vitamin D and the GH/ IGF-1 system is still
unknown [21].

Conducting studies with different intervention duration and
using vitamin D mega-doses can help to justify the
inconsistent results. In the analysis of the findings of the
present study, limitations such as small sample size and
supplementation dose lower than the maximum
recommended in previous studies should be considered. We
also could not evaluate the impact of vitamin D
supplementation on other biomarkers of glycemic control,
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including HbAlc, as well as on PGH and IGF-2. The results
of this study indicate that supplementation with 2000 1U
vitamin D3 for six weeks has positive effects on glycemic
control in patients with GDM, but does not affect the lipid
profile and the levels of GH and IGF-1 in these persons. We
suggest more interventions to evaluate calcium and
biomarkers in patients with GDM. In addition, designing
studies with larger sample sizes and longer intervention times
may help to more clarify the impacts of vitamin D
supplementation on metabolic profile and other blood
parameters such as GH and IGF-1.

ACKNOWLEDGMENTS: All costs of this research were
covered by the research assistant of Urmia University of
Medical Sciences. The authors of this article would like to
express their gratitude and appreciation to all those who
contributed to the present study and especially to the
respected families who participated in this study.
CONFLICT OF INTEREST: None

FINANCIAL SUPPORT: This article was done with the
financial support of Urmia University of Medical Sciences
ETHICS STATEMENT: The present study is confirmed by
the Ethics Committee of Research in Urmia University of
Medical Sciences and is registered at the Iranian Clinical

Trial Study Database with the code
IRCT20130616013678N29.
REFERENCES

1. Rani PR, Begum J. Screening and diagnosis of gestational diabetes
mellitus, where do we stand. J Clin Diagn Res. 2016;10(4):QEO1.

2. Asemi Z, Karamali M, Esmaillzadeh A. Favorable effects of vitamin D
supplementation on pregnancy outcomes in gestational diabetes: a
double-blind randomized controlled clinical trial. Horm Metab Res.
2015;47(08):565-70.

3. Asemi Z, Karamali M, Jamilian M, Foroozanfard F, Bahmani F,
Heidarzadeh Z, et al. Magnesium supplementation affects metabolic
status and pregnancy outcomes in gestational diabetes: a randomized,
double-blind, placebo-controlled trial. Am J Clin  Nutr.
2015;102(1):222-9.

4. Almasi S, Salehiniya H. The prevalence of gestational diabetes mellitus
in Iran (1993-2013): a systematic review. J Isfahan Med Sch.
2014;32(299):1396-412.

5. Harreiter J, Dovjak G, Kautzky-Willer A. Gestational diabetes mellitus
and cardiovascular risk after pregnancy. Women’s Health.
2014;10(1):91-108.

6.  Poel Y, Hummel P, Lips P, Stam F, Van Der Ploeg T, Simsek S.
Vitamin D and gestational diabetes: a systematic review and meta-
analysis. Eur J Intern Med. 2012;23(5):465-9.

7. Burris HH, Rifas-Shiman SL, Kleinman K, Litonjua AA, Huh SY,
Rich-Edwards JW, et al. Vitamin D deficiency in pregnancy and
gestational diabetes mellitus. Am J Obstet Gynecol. 2012;207(3):182.
el-8.

8.  Akbari M, Moosazadeh M, Lankarani KB, Tabrizi R, Samimi M,
Karamali M, et al. 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(09):647-53.

9. JiLL, Tong L, Peng JB, Jin XH, Wei D, Xu BK, et al. Changes in the
expression of the vitamin D receptor and LVSCC-AIC in the rat
hippocampus submitted to single prolonged stress. Mol Med Report.
2014;9(4):1165-70.

10. Asemi Z, Hashemi T, Karamali M, Samimi M, Esmaillzadeh A. Effects
of vitamin D supplementation on glucose metabolism, lipid
concentrations, inflammation, and oxidative stress in gestational

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

3L

32.

diabetes: a double-blind randomized controlled clinical trial. Am J Clin
Nutr. 2013;98(6):1425-32.

Després JP. The insulin resistance—dyslipidemic syndrome of visceral
obesity: effect on patients' risk. Obes Res. 1998;6(S1):8S-17S.

Steiner G. Hyperinsulinaemia and hypertriglyceridaemia. J Intern Med
Suppl. 1994,736:23-6.

Pleskacova A, Bartakova V, Pacal L, Kuricova K, Bélobradkova J,
Tomandl J, et al. Vitamin D status in women with gestational diabetes
mellitus during pregnancy and postpartum. Biomed Res Int.
2015;2015.

Wagner CL, Taylor SN, Dawodu A, Johnson DD, Hollis BW. Vitamin
D and its role during pregnancy in attaining optimal health of mother
and fetus. Nutrients. 2012;4(3):208-30.

Meinila J, Koivusalo SB, Valkama A, Rond K, Erkkola M, Kautiainen
H, et al. Nutrient intake of pregnant women at high risk of gestational
diabetes. Food Nutr Res. 2015;59(1):26676.

Verburg PE, Tucker G, Scheil W, Erwich JJH, Dekker GA, Roberts
CT. Seasonality of gestational diabetes mellitus: a South Australian
population study. BMJ Open Diabetes Res Care. 2016;4(1):e000286.
Nielsen JH, Galsgaard ED, Mgldrup A, Friedrichsen BN, Billestrup N,
Hansen JA, et al. Regulation of beta-cell mass by hormones and growth
factors. Diabetes. 2001;50(suppl 1):S25.

Maller N, Jargensen JOL. Effects of growth hormone on glucose, lipid,
and protein metabolism in human subjects. Endocr Rev.
2009;30(2):152-77.

Jacob R, Barrett E, Plewe G, Fagin KD, Sherwin RS. Acute effects of
insulin-like growth factor | on glucose and amino acid metabolism in
the awake fasted rat. Comparison with insulin. J Clin Invest.
1989;83(5):1717-23.

Panahi M, Alli Z, Cheng X, Belbaraka L, Belgoudi J, Sardana R, et al.
Recombinant protein expression plasmids optimized for industrial E.
coli fermentation and plant systems produce biologically active human
insulin-like growth factor-1 in transgenic rice and tobacco plants.
Transgenic Res. 2004;13(3):245-59.

Mazziotti G, Chiavistelli S, Giustina A. Pituitary Diseases and Bone.
Endocrinol Metab Clin. 2015;44(1):171-80.

Yazdchi R, Gargari BP, Asghari-Jafarabadi M, Sahhaf F. Effects of
vitamin D supplementation on metabolic indices and hs-CRP levels in
gestational diabetes mellitus patients: a randomized, double-blinded,
placebo-controlled clinical trial. Nutr Res Pract. 2016;10(3):328-35.
Association AD. Gestational diabetes mellitus. Diabetes Care.
2004;27(suppl 1):s88-590.

Gupta P, Narang M, Banerjee B, Basu S. Oxidative stress in term small
for gestational age neonates born to undernourished mothers: a case
control study. BMC Pediatr. 2004;4(1):14.

International Association of Diabetes and Pregnancy Study Groups
Consensus Panel, Metzger B, Gabbe S, Persson B, Buchanan T,
Catalano P, Damm P, et al. International association of diabetes and
pregnancy study groups recommendations on the diagnosis and
classification of hyperglycemia in pregnancy. Diabetes Care.
2010;33(3):676-82.

Association AD. Standards of medical care in diabetes—2014.
Diabetes Care. 2014;37(Supplement 1):514-80.

Garrison A. Screening, diagnosis, and management of gestational
diabetes mellitus. Am Fam Physician. 2015;91(7):460-7.
Perez-Mendez O, Pacheco HG, Martinez-Sanchez C, Franco M. HDL-
cholesterol in coronary artery disease risk: function or structure? Clin
Chim Acta. 2014;429:111-22.

Garrison EA, Jagasia S. Inpatient management of women with
gestational and pregestational diabetes in pregnancy. Curr Diab Rep.
2014;14(2):457.

Yap C, Cheung NW, Gunton JE, Athayde N, Munns CF, Duke A, et al.
Vitamin D supplementation and the effects on glucose metabolism
during pregnancy: a randomized controlled trial. Diabetes Care.
2014;37(7):1837-44.

Zhang C, Qiu C, Hu FB, David RM, Van Dam RM, Bralley A, et al.
Maternal plasma 25-hydroxyvitamin D concentrations and the risk for
gestational diabetes mellitus. PLoS One. 2008;3(11):e3753.
Pérez-L6pez FR, Chedraui P, Fernandez-Alonso AM. Vitamin D and
aging: beyond calcium and bone metabolism. Maturitas.
2011;69(1):27-36.

Archives of Pharmacy Practice | Volume 12 | Issue 1 | January-March 2021 -




33.

34.

35.

36.

37.

38.

39.

40.

41.

Mohammadi et al.: Effects of Vitamin D Supplementation on GH, IGF-1, Glycemic Control Indicators and Lipid Profile Levels in Gestational Diabetes
Mellitus

Ponsonby A-L, Lucas RM, Lewis S, Halliday J. Vitamin D status
during pregnancy and aspects of offspring health. Nutrients.
2010;2(3):389-407.

Wacker M, Holick M. Vitamin D—effects on skeletal and extraskeletal
health and the need for supplementation. Nutrients. 2013;5(1):111-48.
Fernandez-Alonso AM, Dionis-Sanchez EC, Chedraui P, Gonzalez-
Salmeron MD, Pérez-Lopez FR, D SV, et al. First-trimester maternal
serum 25-hydroxyvitamin D3 status and pregnancy outcome. Int J
Gynecol Obstet. 2012;116(1):6-9.

Zhang Q, Cheng Y, He M, Li T, Ma Z, Cheng H. Effect of various
doses of vitamin D supplementation on pregnant women with
gestational diabetes mellitus: a randomized controlled trial. Exp Ther
Med. 2016;12(3):1889-95.

Wolden-Kirk H, Overbergh L, Christesen HT, Brusgaard K, Mathieu
C. Vitamin D and diabetes: its importance for beta cell and immune
function. Mol Cell Endocrinol. 2011;347(1-2):106-20.

Hyppo6nen E, Berry D, Cortina-Borja M, Power C. 25-Hydroxyvitamin
D and pre-clinical alterations in inflammatory and hemostatic markers:
a cross sectional analysis in the 1958 British Birth Cohort. PL0oS One.
2010;5(5):¢10801.

Jablonski KL, Chonchol M, Pierce GL, Walker AE, Seals DR. 25-
Hydroxyvitamin D deficiency is associated with inflammation-linked
vascular endothelial dysfunction in middle-aged and older adults.
Hypertension. 2011;57(1):63-9.

Ojo O, Weldon SM, Thompson T, Vargo EJ. The effect of Vitamin D
supplementation on glycaemic control in women with Gestational
Diabetes Mellitus: A systematic review and meta-analysis of
randomised controlled trials. Int J Environ Res Public Health.
2019;16(10):1716.

Asemi Z, Karamali M, Esmaillzadeh A. Effects of calcium—vitamin D
co-supplementation on glycaemic control, inflammation and oxidative

42.

43.

44,

45.

46.

47.

48.

49.

50.

stress in gestational diabetes: a randomised placebo-controlled trial.
Diabetologia. 2014;57(9):1798-806.

Ford ES, Ajani UA, McGuire LC, Liu S. Concentrations of serum
vitamin D and the metabolic syndrome among US adults. Diabetes
Care. 2005;28(5):1228-30.

Chaudhuri JR, Mridula KR, Anamika A, Boddu DB, Misra PK,
Lingaiah A, et al. Deficiency of 25-hydroxyvitamin d and dyslipidemia
in Indian subjects. J Lipids. 2013;2013.

Qin XF, Zhao LS, Chen WR, Wang H. Effects of vitamin D on plasma
lipid profiles in statin-treated patients with hypercholesterolemia: A
randomized placebo-controlled trial. Clin Nutr. 2015;34(2):201-6.
Steger FL. Associations between vitamin D status and blood lipid
parameters in healthy, older adults. 2013.

Kassi E, Adamopoulos C, Basdra EK, Papavassiliou AG. Role of
vitamin D in atherosclerosis. Circulation. 2013;128(23):2517-31.
Harbison MD, Gertner JM. Permissive action of growth hormone on
the renal response to dietary phosphorus deprivation. J Clin Endocrinol
Metab. 1990;70(4):1035-40.

Ameri P, Giusti A, Boschetti M, Bovio M, Teti C, Leoncini G, et al.
Vitamin D increases circulating IGF1 in adults: potential implication
for the treatment of GH deficiency. Eur J Endocrinol. 2013;169(6):767-
72.

Ameri P, Giusti A, Boschetti M, Murialdo G, Minuto F, Ferone D.
Interactions between vitamin D and IGF-I: from physiology to clinical
practice. Clin Endocrinol (Oxf). 2013;79(4):457-63.

Clemmons DR. Involvement of insulin-like growth factor-1 in the
control of glucose homeostasis. Curr Opin Pharmacol. 2006;6(6):620-
5.

.Archives of Pharmacy Practice | Volume 12 | Issue 1 | January-March 2021

gvis




