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Vitamin D Status in Patients of Gestational Diabetes Mellitus in Comparison

to That of Normal Pregnancy
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ABSTRACT

Background & objective: Although the role of vitamin-D in calcium metabolism and bone health is undisputed, other
long-term health consequences of low vitamin-D are still debated. Observational studies have recently indicated that
vitamin-D deficiency may be a modifiable risk factor for gestational diabetes mellitus (GDM), although several
experimental studies have failed to establish such an association. The present study was undertaken to test the
hypothesis that vitamin-D insufficiency or deficiency is associated with GDM.

Methods: The present case-control study was conducted in the Department of Obstetrics and Gynaecology, Rajshahi
Medical College (RMC), Rajshahi, Bangladesh, over a period of 1 year between July 2019 to June 2020. Patients with
confirmed GDM (case) and normal pregnant women (control) attending in the above-mentioned place during the study
period were the study population. A total of 18 cases and 54 controls were consecutively included in the study based
on predefined eligibility criteria. The exposure and outcome variables were serum vitamin-D insufficiency/deficiency
and GDM respectively. Vitamin D insufficiency was considered when serum level 25(0OH)D ranges from = 15 to < 30
ng/ml and deficiency was termed if 25(OH)D level lies below 15 ng/ml. Crosstab analysis with Odds Ratio (OR) was
done to find the association between vitamin-D and GDM and the risk of developing the outcome (GDM) due to
vitamin-D insufficiency or deficiency.

Result: In the present study age, residence, socioeconomic status and season at data collection were almost identically
distributed between case and control groups. However, the study demonstrated occupation, pre-pregnancy obesity,
family history of type-II diabetes, polyhydramnios, level of hemoglobin and serum vitamin-D insufficiency/deficiency to
be associated with GDM. Majority (83.3%) of the GDM patients had insufficient or deficient serum vitamin D level (<
30 ng/mL) as compared to 57.4% of the control group. The risk of having GDM in pregnant women with insufficient or
deficient serum vitamin-D was estimated to be almost 4-fold (95% CI = 1.1 - 14.3) higher (p = 0.047) than that in the
pregnant women with normal serum vitamin-D level.

Conclusion: The study concluded that pregnant women with GDM are associated with insufficient or deficient serum
vitamin-D with risk of having GDM in pregnant women with insufficient or deficient serum vitamin-D is much greater
than the pregnant women with normal serum vitamin-D level.
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INTRODUCTION:

Gestational diabetes mellitus (GDM) is a common
pregnancy complication, defined as glucose
intolerance with onset or first recognition during
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pregnancy, in women without prior history of
diabetes.!? During the last 20 years the prevalence
of GDM has increased worldwide and it is expected to
further rise along with the increase in pre-conception
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obesity and pregnant women affected by obesity.3
Gestational diabetes affects approximately 15% of
all  pregnancies, depending on  population
characteristics, and this prevalence may in fact be
higher under the new diagnostic criteria.* It is
associated with an increased risk of maternal and
infant morbidity, including macrosomia, large for
gestational age (LGA), cesarean section delivery and
preterm birth. It is also considered to be a risk factor
for long-term complications, such as type-2 diabetes
mellitus in the mother and their off-springs.>® The
etiology of GDM is multifactorial and has not
completely been established yet.

Although several GDM risk factors like advanced
maternal age, obesity, family history of diabetes and
ethnicity have been identified, how these risk factors
predispose women to GDM remains an illusive area
of scientific inquiry. In recent years, vitamin-D
deficiency has been increasingly recognized as a
potential contributor to several pregnancy outcomes
including fetal growth, hypertensive disorders and
gestational diabetes mellitus (GDM).°'® Two factors
have made vitamin D intriguing to perinatal
investigators studying GDM. First, vitamin D has
been shown to improve pancreatic exocrine function
and insulin sensitivity in animal models. Second,
vitamin D status, like most micronutrients, is easily
modified by dietary supplementation.*

While epidemiologic studies have shown a fairly
consistent link between vitamin-D deficiency and a
higher risk of type-2 diabetes, and obesity is strongly
associated with both GDM and vitamin-D deficiency,
it remains unclear whether vitamin-D deficiency
contributes to the development of GDM.!? Several
observational studies have found an association
between low vitamin D level and increased risk of
GDM. Aghajafari and associates'® showed vitamin-D
deficiency to associate with altered glucose
homeostasis during pregnancy. Interestingly, a
decrease in glucose and increase in insulin levels was
noted after vitamin-D supplementation. In a
matched, case-control study of 54 Iranian women
with GDM and 11 non-GDM controls, Soheilykhah et
al** found that maternal vitamin-D concentrations at
24-28 weeks of gestation were significantly lower in
women with GDM. Clifton-Bligh & colleagues studied
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264 pregnant women in Australia and found that
nearly one-third (32%) of women with GDM had
significantly lower vitamin-D levels. The data also
revealed that maternal 25(0OH)D, concentrations were
inversely realted to fasting glucose.'> Likewise, in a
nested case-control study in the United States
maternal vitamin-D levels at 16 weeks of gestation
were 20% lower among women who later developed
GDM.* A meta-analysis of 20 independent observational
studies provided strong evidence of association
between vitamin-D deficiency and an increased risk
of gestational diabetes.'”

Sharply contrasting to these findings, an Indian study
of 559 pregnant women, did not find any association
between second trimester vitamin-D levels and
GDM.!® Likewise, a case-control study (with 90 cases
and 158 controls) in the United Kingdom reported no
association between vitamin-D level in first trimester
blood samples & subsequent development of GDM.*?
As there are conflicting evidences, further studies in
different population may help establishing the
association between these two variables of interest.
The present study was therefore, conducted to find
the association between serum vitamin D and GDM.

METHODS:

This case-control study was conducted in the
Department of Obstetrics and Gynaecology, RMCH,
Rajshahi, Bangladesh, over a period of 1 vyear
between July 2019 to June 2020. Pregnant women
with confirmed GDM and normal pregnant women at
their 2" and 3™ trimesters (above 12 weeks of
gestation) were the cases and controls respectively.
A total of 18 cases and 54 controls were
consecutively included in the study based on
predefined eligibility criteria. However, pregnant
women with pre-gestational diabetes mellitus,
multiple pregnancies, pregnancy with comorbidity
(severe cardiac disease, uncontrolled DM, HTN, renal
disease) were excluded from the study. Approval for
the study was obtained from the Institutional Review
Board (IRB) of Rajshahi Medical College, Rajshahi.
The exposure and outcome variables in the present
study were serum vitamin-D and GDM, The confounding
variables were grouped as demographic variables
(age, residence, occupation, socioeconomic status
and season at sample collection), BMI, obstetric and
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reproductive characteristics (gestational age, gravida,

parity, age at menarche, age at first pregnancy),
pertinent past history (pre-pregnancy obesity, family
history of Type-II diabetes), current obstetric history
(UTI and polyhydramnios) and biochemical variables
(level of haemoglobin, serum calcium and serum
creatinine).

Collected data were processed and analyzed using
SPSS (Statistical Package for Social Science), version
23.0 available. The test statistics used analyze the
data were descriptive statistics, Chi-square Test (for
categorical variables) and Unpaired t-test (for
continuous variables). The Odds Ratio (OR) of
vitamin-D insufficiency or deficiency was calculated
to estimate the risk of developing GDM due to this
variable. The level of significance was set at 5% and
p-value < 0.05 was considered significant.

RESULTS:

Over half of the cases and controls were 30 or > 30
years old with mean age of the cases and controls
being 30 and 29.5 years respectively (p = 0.511).
Housewives were more likely to be associated with
cases than the other occupants (p = 0.045). Neither
residence nor socioeconomic class was found to be
associated with cases (p = 0.148 and p = 0.959
respectively), although urban residents tend to be
associated with GDM more often than rural and slum
dwellers. GDM was not found to be associated with
season at data collection (p = 0.629) (Table I). Both
cases and controls were predominantly overweight
or obese with no significant inter-group difference in
terms of BMI (p = 0.470). None of the obstetric and
reproductive characteristics (gestational age, parity,
gravida, age at menarche and age at first
pregnancy) was observed to be associated with
cases (p = 0.466, p = 0.574, p = 0.514, p = 0.294
and p = 0.346 respectively). Two-thirds (66.7%) of
the cases were obese before pregnancy as opposed
to 38.9% of the controls (p = 0.014). Type II
diabetes in first degree relations was significantly
common in case group (66.7%) than that in control
group (35.2%) (p = 0.019) (Table II).

Urinary tract infection (UTI) was almost identically
distributed between cases and controls (p = 0.367).
Polyhydramnios was more likely to be associated
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with case group (GDM) than with their control
counterparts (p = 0.046) (Table III). Level of
haemoglobin was significantly lower in the case group
than that in the control group (p = 0.021). Serum
calcium and serum creatinine were no different
between the study groups (p = 0.443 & p = 0.736
respectively). The mean serum vitamin D was much
lower in the case group than that in the control group
(p=0.040) (Table IV). Analysis of association between
level of vitamin D and GDM revealed that majority
(83.3%) case group had insufficient or deficient
serum vitamin D level (< 30 ng/mL) compared to
57.4% of the control group. The risk of developing
GDM in pregnant women with insufficient/deficient
serum vitamin D is nearly 4-fold (95% CI=1.1-14.3)
higher (p=0.047) than those pregnant women with
normal vitamin D level (Table V).

Table I: Demographic characteristics between case and
control groups

Demographic Group
characteristics Case Control ~ P-value
(n=18) (n=54)
Agef# (years)
<30 8(44.4) 26(48.1)
>30 10(55.6) 28(51.9)  0.511
Mean + SD 300+28 29.5+33
Residence*
Urban 11(61.1) 23(42.6)
Rural 4(22.2) 26(48.1) 0.148
Slum 3(16.7) 5(9.3)
Occupation*
Housewife 12(66.7) 18(33.3)
Service-holder 4(22.2) 26(48.1)  0.045
Others (business, labor) 2(11.1) 10(18.6)
Socioeconomic status*
Poor 2(11.1) 7(13.0)
Lower middle class & middle class  14(77.8) 42(77.8)  0.959
Upper middle class & rich 2(11.1) 5(9.3)
Season at sample collection*
Winter 3(16.7) 10(18.5)
Spring 2(11.1) 11(20.4) 0.629
Summer 13(72.2) 33(61.1)

*Data were analyzed using Chi-squared (?) Test; figures in the
parentheses denote corresponding %. #Data were analyzed
using Unpaired t-Test and were presented as mean + SD.
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Table II: Distribution of obstetric, reproductive & metabolic
variables between groups

Group
Variables Case Control  P-value
(n=18) (n=54)
Obstetric & reproductive
characteristics
Gestational age* (weeks) 30.1£3.7 308+19  0.466
Parity* 0.7£0.2 0.5+0.1 0.574
Gravida* 16+£0.7 1.5+£05 0.514
Age at menarche’ (years) 129+04 128+03  0.294
Age at first pregnancy® (years)  26.3+3.6 255+19 0346
Metabolic variables
BMI* kg/m2
>25 16(89.9) 50(92.6)
<25 211.0) way
Obesity before pregnancy** 12(66.7) 21(38.9) 0.014
Type [l DM in first-degree relatives** 12(66.7) 19(35.2) 0.019

# Data were analyzed using Unpaired t-Test and were presented
as mean = SD.

*Data were analyzed using Fisher’s Exact Test; figures in the
parentheses denote corresponding %.

**Data were analyzed using Chi-squared (}?) Test

Table lll: Comparison of current obstetric history between
case and control groups

Group
Current obstetric history Case Control  P-value
(n=18) (n=54)
uTI* 2(11.1) 3(5.6) 0.367
Polyhydramnios* 3(16.7) 1(1.9) 0.046

*Data were analyzed using Fisher’s Exact Test; figures in the
parentheses denote corresponding %.

Table IV: Comparison of investigations between case and
control groups

Group
Biochemical variables Case  Control P-value
(n=18) (n=54)

96+22 11.0+1.2 0.021
Serum calciumi# (mmol/L) 102+1.2 105+1.3 0443
Serum creatinine# (mg/dI) 09+0.1 08+0.1 0.736
Serum Vitamin D# [25(0H)D] (ng/ml) 19.8+9.0 24.8+8.7  0.040

Level of haemoglobin# (mg/dl)

#Data were analyzed using Unpaired t-Test and were presented
as mean £ SD.
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Table V: Association between vitamin D level and GDM

i Odds Ratio

(95% Cl of OR)

Dby Case Control
ase ontro
D# (ng/mL) N=18)  (ne54)
<30 15(83.3) 31(57.4)
>30 3(16.7) 23(42.6)
# Data were analyzed using Chi-squared (¥ ?) Test; figures in the
parentheses denote corresponding %.

p-value

3.7(1.1-143) 0.047

DISCUSSION:

In the present study several factors (occupation,
pre-pregnancy obesity, history of type-II diabetes in
the first-degree relatives, polyhydramnios and level
of haemoglobin) including vitamin-D insufficiency
/deficiency were found to be associated with GDM.
The study demonstrated that over 80% of GDM
patients had insufficient or deficient serum
vitamin-D level (< 30 ng/mL) as compared to 57.4%
of the control group. The risk of having GDM in
pregnant women with insufficient/deficient serum
vitamin-D was estimated to be nearly 4-fold (95%
CI=1.1-14.3) higher (p=0.047) than that in the
pregnant women with normal serum vitamin D level.

Ten observational studies have been recently
conducted to study the association of vitamin-D with
GDM. Arnold et al?® conducted a nested case-control
study in the United States among pregnant women
and reported an inverse relationship between
vitamin-D status in early pregnancy and risk of
gestational diabetes. A 5 ng/ml increase in vitamin
D3 levels was associated with a reduction in GDM
risk by 14%. Similar effects were reported by Lacroix
and colleagues?! in a prospective observational study
in Canada Lithy et al* in a cross- sectional
observational study in Arab women. Burris and
associates? in their study found 25(OH)D levels < 25
nmol/L in 4.0% women with normal glucose
tolerance, 5.7% women with impaired glucose
tolerance and 13.2% women with GDM. Analyses,
adjusted for sociodemographics, season, maternal
BMI, gestational weight gain and dietary factors,
suggested that women with 25(OH)D levels < 25 vs.
> 25 nmol/L may have higher odds of GDM [2.2
(95% CI = 0.8, 5.5)]. Glucose levels after the
glucose challenge test were inversely associated with
25(0H)D levels (p < 0.01).2 These study findings
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are fairly comparable with findings of the present
study. On the contrary, several studies failed to
establish the role of vitamin-D in the prevention of
GDM.?* The lack of consistent findings calls for
large-scale prospective studies to evaluate the role
of vitamin-D in GDM.

To test the effectiveness of vitamin-D supplementation
in the prevention or reduction of risk of GDM, many
randomized controlled clinical trials have been
conducted. Six RCTs have been conducted in this
regard from January 2014 onwards. Asemi et al®®
performed a randomized placebo-controlled trial in
Iranian pregnant women and found positive impact
of vitamin-D and calcium supplementation on the
metabolic profiles of GDM patients with decrease in
free plasma glucose, serum insulin, HOMA-IR, LDL
cholesterol and total cholesterol. Few other studies,
on the contrary, reported no beneficial effects of
vitamin-D supplementation on GDM outcome.?*?” To
compare and contrast the efficacy of different dosing
patterns of vitamin-D on GDM, recently two clinical
trials were conducted; Yap and colleagues?®
conducted a study in women with 25(0OH)D levels
<32 ng/ml before 20 weeks and randomized them to
receive oral vitamin D3 at 5,000 IU daily or 400 IU
daily from 14 weeks until delivery, and found no
difference in the outcomes. Mojibain et al*®
randomized pregnant women with 25(0OH)D < 30
ng/ml to receive 400 IU daily or 50,000 IU every 2
weeks until delivery, and found improved outcomes
with high dose vitamin-D supplementation. The
difference in the outcomes could be attributed to
different dosages of vitamin-D used for intervention,
as well as the varying dosing schedules in the two
studies. Two recently published meta-analyses of
RCTs33t however, showed same incidence of GDM
with and without vitamin-D supplementation.

Pregnancy is a state in which the mother undergoes
physiological insulin resistance, which helps the
fetus absorb more nutrients. Our findings for
increased risk of gestational diabetes with vitamin-D
deficiency are biologically plausible.  Firstly,
1,25(0H)2D3, the active form of vitamin-D,
regulates circulating glucose levels by binding to
vitamin-D receptor of pancreatic p-cell and
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modulating insulin secretion.333 Secondly,
1,25(0OH)2D3 promotes insulin sensitivity by
stimulating the expression of insulin receptors and
enhancing insulin  responsiveness for glucose
transport.3* Lastly, 1,25(0H)2D3 regulates the
balance between the extracellular and intracellular
calcium pools in pB-cell, which is essential for
insulin-mediated intracellular processes in
insulin-responsive tissues.3>

Vitamin-D supplementation for GDM seems to
ameliorate different metabolic markers including
blood glucose levels, insulin resistance and
inflammatory biomarkers.3¢3” Supplementation with
50,000 International Units (IU) twice monthly has
been shown to improve insulin resistance
significantly,® while 5000 IU daily has failed to
improve glucose levels in another trial.3®

Emerging evidence suggests that Vitamin-D
administration can improve insulin sensitivity and
glucose  tolerance, but whether vitamin-D
supplementation can prevent GDM is unknown.
Observational studies provide conflicting evidence as
to whether low serum 25-hydroxyvitmain-D
(25(0OH)D) levels are associated with GDM. Two
recent systematic reviews concluded that vitamin-D
deficiency is associated with a higher risk of GDM.
However, these reviews are limited by the
observational and diverse nature of the included
studies. Of greatest concern is the inability to
understand how important confounding variables
such as age, race/ethnicity and adiposity might affect
the association.*® On the other hand, the
meta-analysis made in 2012 indicated a significant
inverse relation of vitamin-D and the prevalence of
GDM from 07 observational studies.*

Summarization of the findings of the present study
and the observational studies conducted in different
parts of the world suggest an association between
vitamin-D blood levels and risk of GDM, despite
heterogeneity of results across studies. However, the
evidence from clinical trials is inadequate to draft any
definitive conclusion regarding its supplementation.*
Like any other scientific studies, the present study
has several limitations, which deserve mention
before concluding the findings of the present study.
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Limitations:

1. Although several factors other than vitamin D
were found to be associated with GDM, the small
sample size limits the conduction of regression
analysis to find the independent predictors of GDM.

2. The study was contemplated with a case-control
design. In terms of strength of the observational
studies, cohort design is better, although it was not
designed so because of time constraint and
apprehension of loss to follow up.

CONCLUSION:

From the findings of the study, it appears that GDM
patients are more likely to have insufficiency or
deficiency of serum vitamin-D level than the
pregnant women without GDM with risk of having the
condition in the former group was much greater than
that in the latter group. Although, adjustment for
other factors (using regression analysis) to find the
independent predictors of GDM was not possible due
to small sample size than required for the regression
analysis, vitamin-D seems to play role in the
causation pathway of GDM.

REFERENCES:

1. Association AD. Diagnosis and classification of diabetes
mellitus. Diabetes Car 2014;37:581-90.

2. Reece EA, Leguizamon G, Wiznitzer A. Gestational
diabetes: The need for a common ground. Lancet
2009;373:1789-1797.

3. Ferrara A. Increasing prevalence of gestational diabetes
mellitus: a public health perspective. Diabetes Care
2007;30(2):S141-6.

4. American Diabetes Association AD. Standards of medical
care in diabetes-2014. Diabetes Care 2014;37(1):
S14-80.

5. Xiong X, Saunders LD, Wang FL, Demianczuk NN.
Gestational diabetes mellitus: prevalence, risk factors,
maternal and infant outcomes. Int J Gynecol Obstet
2001;75:221-228.

6. Catalano PM, MclIntyre HD, Cruickshank JK, et al. The
hyperglycemia and adverse pregnancy outcome study:
Associations of GDM and obesity with pregnancy
outcomes. Diabetes Care 2012;35:780-786.

7. Group HSCR Metzger BE, Lowe LP, et al. Hyperglycemia
and Adverse Pregnancy Outcomes. N Engl J Med
2008;358:1991-2002.

8.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Naznin et al.

Buchanan TA, Xiang AH, Page KA. Gestational diabetes
mellitus: Risks and management during and after
pregnancy. Nat Rev Endocrino 2012;8:639-649.

Ben-Haroush A, Yogev Y, Hod M. Epidemiology of
gestational diabetes mellitus and its association with
Type 2 diabetes. Diabet Med 2004;21(2):103-113.

Harlev A, Wiznitzer A. New insights on glucose
pathophysiology in gestational diabetes and insulin
resistance. Curr Diab Rep 2010;10(3):242-247.

Heather H, Carlos A. Vitamin D and Gestational Diabetes
Mellitus. Curr Diab Rep 2015;14(1):451-453.

Dror DK. Vitamin D status during pregnancy: maternal,
fetal, and postnatal outcomes. Curr Opin Obstet Gynecol
2011;23(6):422-426.

Aghajafari F, Nagulesapillai T, Ronksley PE, Tough SC,
O’Beirne M, Rabi DM. Association between maternal
serum 25-hydroxyvitamin D level and pregnancy and
neonatal outcomes: Systematic review and meta-
analysis of observational studies. BMJ 2013; 346:1169.

Soheilykhah S, Mojibian M, Rahimi S, Jafari F, Rashidi M.
Maternal vitamin D status in gestational diabetes
mellitus. Nutr Clin Pract 2010;25:524-527.

Clifton-Bligh RJ, McEIduff P, McEIlduff A. Maternal vitamin
D deficiency, ethnicity and gestational diabetes. Diabet
Med 2008;25:678-684.

Zhang C, Qiu C, Bralley A, Williamson MA, Hu FB.
Maternal plasma 25-hydroxyvitamin D concentrations
and the risk for gestational diabetes mellitus. PLoS One
2008;3:3753.

Zhang MX, Pan GT, Guo JF, Li BY, Qin LQ, Zhang ZL.
Vitamin D Deficiency Increases the Risk of Gestational
Diabetes Mellitus: A Meta-Analysis of Observational Studies.
Nutrients 2015;7:8366-8375. doi: 10.3390/nu7105398.

Farrant HJ, Krishnaveni GV, Noonan K, Fisher D], and Hill
JC. Vitamin D insufficiency is common in Indian mothers
but is not associated with gestational diabetes or
variation in newborn size. European J Clinical Nutrition
2009;63(5):646-652.

Makgoba M, Nelson SM, Messow CM, and Savvidou M.
First-trimester circulating 25-hydroxyvitamin d levels
and development of gestational diabetes mellitus.
Diabetes Care 2011;34(5):1091-1093.

Arnold DL, Enquobahrie DA, Qiu C, Huang J. Early
Pregnancy Maternal Vitamin D Concentrations and Risk
of Gestational Diabetes Mellitus. Paediatr Perinat
Epidemiol 2015;29(3):200-10.

Lacroix M, Myriam MB. Lower vitamin D levels at first
trimester are associated with higher risk of developing
gestational diabetes mellitus. Acta Diabetol 2014;51(4):
609-16.

)




Ibrahim Card Med J2021; 11 (1): 41-47

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Lithy A, El Abdella RM, El-faissal YM, Sayed AM, Samie
RMA. The relationship between low maternal serum
vitamin D levels and glycemic control in gestational
diabetes assessed by HbAlc levels: an observational
cross-sectional study. BMC Pregnancy Childbirth 2014;
14:362.

Burris HH, Rifas-Shiman MSL, Kleinman KK, Litonjua AA,
Huh SY, Rich-Edwards JW et al. Vitamin D Deficiency in
Pregnancy & Gestational Diabetes. Am J Obstet Gynecol
2012;207(3):182.e1-182.e8.d0i:10.1016/j.ajog.2012.
05.022, PMCID: PMC3432741.

Schneuer FJ, Roberts CL, Guilbert C, Simpson JM, Algert
CS, Khambalia AZ, et al. Effects of maternal serum
25-hydroxyvitamin D concentrations in the first trimester
on subsequent pregnancy outcomes in an Australian
population. Am J Clin Nutr 2014;99(2): 287-95.

Asemi Z, Karamali M, Esmaillzadeh A. Effects of calcium
- vitamin D co-supplementation on glycaemic control,
inflammation and oxidative stress in gestational
diabetes: a randomised placebo-controlled trial.
Diabetologia 2014;57(9):1798-806.

Sablok A, Batra A, Thariani K, Batra A, Bharti R, Aggarwal
AR. ‘Supplementation of vitamin D in pregnancy and its
correlation with feto-maternal outcome. Clin Endrocinol
(Oxf) 2015;83(4):536-41.

Hossain N, Kanani FH, Ramzan S, Kausar R. Obstetric
and Neonatal Outcomes of Maternal Vitamin D
Supplementation: Results of an Open- Label,
Randomized Controlled Trial of Antenatal Vitamin D
Supplementation in Pakistani Women. J Clin Endocrinol
Metab 2014;99(7):2448-55.

Yap C, Cheung NW, Gunton JE, Athayde N, Munns CF,
Duke A. Vitamin D Supplementation and the Effects on
Glucose Metabolism During Pregnancy: A Randomized
Controlled Trial. Diabetes Care 2014;37(7):1837-44.

Mojibian M, Soheilykhah S, Zadeh MAF, Moghadam MJ.
The effects of vitamin D supplementation on maternal
and neonatal outcome: A randomized clinical trial. Iran J
Reprod Med 2015;13(11):687-696.

De-Regil LM, Palacios C, Lombardo LK, Pefia-Rosas JP.
Vitamin D supplementation for women during
pregnancy. Cochrane database Syst Rev 2016;1(1):
CD008873.Available from:http://www.ncbi.nlm.nih.gov/
pubmed/26765344.

Pérez-Lopez FR, Pasupuleti V, Mezones-Holguin E,
Benites-Zapata VA, Thota P, Deshpande A, et al. Effect of
vitamin D supplementation during pregnancy on
maternal and neonatal outcomes: a systematic review
and meta-analysis of randomized controlled trials. Fertil
Steril 2015;103(5):1278-88.e4. Available from: http://
www.ncbi.nlm.nih.gov/pubmed/25813278.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

© Ibrahim Cardiac Hospital & Research Institute

Chiu KC, Chu A, Go VL, Saad MF. Hypovitaminosis d is
associated with insulin resistance and beta cell
dysfunction. Am J Clin Nutr 2004;79:820-825. doi:
10.1093/ajcn/79.5.820.

Norman AW, Frankel JB, Heldt AM, Grodsky GM. Vitamin
d deficiency inhibits pancreatic secretion of insulin.
Science 1980;209:823-825. doi:10.1126/science.6250216.

Vaidya A, Williams JS. Vitamin d and insulin sensitivity:
Can gene association and pharmacogenetic studies of
the vitamin d receptor provide clarity?. Metabolism
2012;61:759-761. doi: 10.1016/j.metabol.2011.12.009.

Draznin B, Sussman KE, Eckel RH, Kao M, Yost T,
Sherman NA. Possible role of cytosolic free calcium
concentrations in mediating insulin resistance of obesity
and hyperinsulinemia. J Clin Investig 1988;82:1848-
1852.d0i:10.1172/3C1113801.

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 diabetes: A double-blind
randomized controlled clinical trial. Am J Clin Nutr
2013;98:1425-1432. doi: 10.3945/ajcn.113.072785.

Soheilykhah S, Mojibian M, Moghadam M]J,
Shojaoddiny-Ardekani A. The effect of different doses of
vitamin D supplementation on insulin resistance during
pregnancy. Gynecol Endocrinol 2013;29:396-399. doi:
10.3109/09513590.2012.752456.

Yap C, Cheung NW, Gunton JE, Athayde N, Munns CF,
Duke A. Vitamin D Supplementation and the Effects on
Glucose Metabolism During Pregnancy: A Randomized
Controlled Trial. Diabetes Care 2014;37(7):1837-44.

Burris HH, Camargo CA, Jr. Vitamin D and Gestational
Diabetes Mellitus. Curr Diab Rep 2014;14(1):451. doi:
10.1007/s11892-013-0451-3. PMCID: PMC3895371

Poel YH, Hummel P, Lips P, Stam F, Ploeg T, Simsek S.
Vitamin D and gestational diabetes: A systematic review
and meta-analysis. European Journal of Internal
Medicine 2012;23:465-469.

Rizzo G, Garzon S, Fichera M, Panella MM, Catena U,
Schiattarella A et al. Vitamin D and Gestational Diabetes
Mellitus: Is There a Link?. Antioxidants (Basel) 2019;
8(1):511. 25. doi: 10.3390/antiox8110511. PMCID:
PMC6912234

J1DILYV TVNIDIHO

47




