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Abstract 

This study was conducted to evaluate the association between vitamin D receptor gene FokI polymorphism 
and gestational diabetes Mellitus (GDM) among Iraqi pregnant women.

This study included 40 women with GDM, 30 pregnant women without GDM, and 30 non-pregnant women 
as a negative control. Age (years), body mass index (BMI), Fasting Blood Glucose (FBG), total cholesterol, 
triglycerides (TG), and lipid profile of the patients and control groups were compared (Table 1). DNA 
sampling was purified and amplified by using PCR. The FokI genotype was evaluated using restriction 
fragment length polymorphism (RFLP).

The results revealed that the age, BMI, FBG, HbAIc, insulin hormone, insulin resistance, and lipid profile 
except HDL-C were significantly increased with an increased GDM risk compared to women with normal 
pregnancies. In contrast, no significant alterations were observed in concentrations of IGF1 hormone, 
vitamin D and FokI (F and f) alleles frequency between GDM and control groups.

This study suggests that there was no significant correlation between the VDR FokI polymorphism and 
GDM patients among Iraqi pregnant women.
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Introduction

Vitamin D is secosteroid produced in the skin 
due to the effect of solar ultraviolet B radiation. Two 
consecutive hydroxylation in the liver and kidney leads 
to form a functional 1, 25 –dihydroxy vitamin D (1). 
The two most important forms of vitamin D are vitamin 
D3 (cholecalciferol) and vitamin D2 (ergocalciferol) 
which cannot produce in the human body and consume 
with fortified food or given by supplements (2). These 
two form are bound to the vitamin D binding protein in 
human plasma and transported them to the liver where 
both are hydroxylated to form 25-hydoxy vitamin D (3).
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Vitamin D has an influence on the expression of 
over 200 different genes. Deficiency maybe related to 
diabetes (4), different forms of cancer, cardiovascular 
disease, autoimmune diseases and innate immunity. (2)

Correlation between the (VDR) gene and diabetes 
has been noted in several population. Which is encoded 
by a gene located in chromosome 12q12 and several 
polymorphisms were used for its description.(5) In 
addition, this gene is presented in the pancreatic β-cells.
Consequently,1,25(OH)2D3 may has a role in insulin 
secretion and sensitivity in diabetes by either increasing 
the intracellular calcium concentration in the β-cell to 
induce insulin secretion or by increasing the conversion 
of pro insulin to insulin. (6) VDR gene FokI (RFLP) in 
exon 2 (7)
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Gestational diabetes mellitus (GDM) usually reveals 
itself in the latter half of pregnancy and it is identified 
by carbohydrate intolerance of variable severity. (8) 
Hyperglycemia development during pregnancy may 
lead to insulin resistance due to secretion of placental 
hormones (9) 

Several factors are led to increase GDM such as 
glucose urea, age over 30 years, obesity, family history 
of diabetes, a previous history of GDM and macrosomic 
child.(10) Vitamin D deficiency may play a role in the 
pathogenesis of GDM (11)

The present study aimed to investigate association 
between VDR-FokI gene polymorphism and risk of 
GDM among Iraqi pregnant women. 

Materials and Methods

A total of 100 blood samples were collected from 
40 pregnant GDM, 30 pregnant without GDM and 30 
healthy non-pregnant Iraqi women after 10-12 hours 
fasting (control group). Age (years), body mass index 
– BMI (Kg/m2 ) were recorded. The blood sample was 
divided into two aliquots, the first (3 ml) of separated 
serum used for assays of FBG (mg/dl), total cholesterol 
(mg/dl), TG (mg/dl), HDL-C (mg/dl), LDL– C (mg /dl), 
VLDL – C (mg /dl), Insulin hormone (MIU/ml), IGF1(ng/
ml) and vitamin D (ng / ml). the second aliquots (2 ml) 
was collected in EDTA tube for HbA1c determination 
and then used to DNA extraction. DNA was extracted 
using genomic lysis buffer and was checked for purity 
and concentration. DNA samples were all quoted and 
stored at 

PCR mixture was carried out with in the presence of 
DNA (1.5 µl), 5µl Taq PCR premix (5 U/µl Taq DNA 
polymerase, 2.5 mM DNTPs,1µl 10x reaction buffer and 
1 µl gel loading buffer), 10 picomoles/µl of each primer 
(table 1) and 16.5 µl distill water.

PCR thermal cycler was programmed as follows: 
denaturation step at 95 ˚C for 3 minutes followed by 35 
cycles at 95˚C for 45 seconds and followed annealing 
by 35 cycles at 68˚C for 45 seconds and extension by 
35 cycles at 72 ˚C for 45 seconds, final extension cycle 
at 72˚C for 7 minutes was done. PCR products were 
analyzed on 1.5 % agarose gel and UV transmission.

Restriction fragment length polymorphism (RFLP-
PCR) was used to identify VDR genotypes. PCR 
product (5µl) was digested (37ºC for 30minutes) with 
0.5 µl Fok I restriction enzyme. Digested product 
was electrophoresed on 2.5% agarose gel. Genotype 
was determined according to fragments length 
i.e. homozygote (FF) subjects = 270bp product ; 
heterozygote (Ff) subjects = 270,210 and 60 bp products 
and homozygote ( ff ) subjects = 110,60 bp products. 
SNP resulting in T-C substitution in exon 2 of VDR 
gene leads to the generation of a FokI restriction site. 
Homozygous subjects with alleles containing nucleotide 
T at this position showed two bands of 210 and 60 
bp and were designated as having ff FokI genotype. 
Homozygous subjects with alleles containing C at this 
position showed an intact 270 bp band (FF) subjects. 
Heterozygote subjects showed all 3 bands: 270,210 and 
60bp and were designated Ff.

Table 1: Primer used for polymerase chain reaction (PCR) of VDR FokI gene.

Product sizeGC (%)Tm ( )SequencePrimer

270
Base pair

6368.65-AGTGGCCCTGGCACTGACTCTGGCTCT-3Forward

48.160.55-ATGGAAACACCTTGCTTCTTCTCCCCTC-3Reverse

VDR: Vitamin D receptor. 



1896      Indian Journal of Forensic Medicine & Toxicology, October-December 2020, Vol. 14, No. 4

Results 

Total number of 40 GDM pregnant, 30 healthy pregnant women and 30 controls without pregnant and have 
normal concentration of vitamin D were recruited in our study. Age, BMI, FBG, HbA1c, Insulin hormone, insulin 
resistance and lipid profile except HDL-C were statistically significant difference between normal pregnant and 
gestational diabetes mellitus (p ≤ 0.05), but there were no significant differences in concentrations in IGF1 hormone 
and vitamin D (p > 0.05) (Table 2). 

Table 2: Demographic and biochemical data of GDM and controls.

Parameter GDM Normal pregnant control P value

Age (Years)
BMI (Kg/m2)
FBG (mg/dl)
HbA1c (%)

Ins H (MIU/ml)
HOMA-IR (%)

Vitamin D (ng/ml)
IGF1 (ng/ml)
TG (mg/dl)

Cholesterol (mg/dl)
HDL-C (mg/dl)

LDL (mg/dl)
VLDL (mg/dl)

35.175
30.723
145.950
7.082
14.782
4.912
6.833
99.350
194.550
225.17
38.000
146.78
38.910

27.500
26.569
89.400
5.046
9.293
2.048
8.733
90.517
164.567
175.33
35.567
107.53
32.900

30.933
24.196
86.200
4.840
10.707
2.245
23.809
63.100
133.500
179.37
41.833
111.06
26.370

P LSD=2.95< 0.001
PLSD=1.68< 0.001
PLSD=11.6< 0.001
PLSD=0.539< 0.001
PLSD=3.346<0.003
PLSD=0.956<0.001
PLSD=2.161<0.001
PLSD=15.86<0.001
PLSD=16.30<0.001
PLSD=23.38<0.001
PLSD=3.820<0.009
PLSD=22.76<0,001
PLSD=3.224<0.001

Figure 1 shows PCR product of 270 bp for VDR FokI gene.

Figure 1: 1.5% agarose gel electrophoresis of VDR PCR for SNP BsmI enzyme showing a wild type FF 270 
bp product. 

Genotype of VDR FokI gene polymorphism determined according to the fragments length, homozygote FF 
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remained undigested in 270bp, homozygote ff was digested to 210 and 60 bp and heterozygote Ff digested to 270,210 
and 60 bp.These results show insignificant differences in GDM patients and controls (Table 3).

Table 3: Genotype of Fok1 polymorphism.

P valueOR (95% CI)
Control samples

No. (%)
Gestational

No. (%)
GenotypeGene

0.2410.56 (0.18 -1.73)(60.00%)(45.45%)FF

VDR
FOK1 0.1632.13 (0.68 -6.71)(36.00%)(54.55%)Ff

0.5320.36 (0.02 -8.75)(4.00%)(0.00%)ff

P valueOR (95% CI)
Control samples

No. (%)
GDM

No. (%)
GenotypeGene

0.4510.79 (0.26 -2.39)(60.00%)(54.17%)FF

VDR
FOK1

0.5741.07 (0.34 -3.33)(36.00%)(37.50%)Ff

0.4842.18 (0.19-24.5)(4.00%)(8.33%)ff

P valueOR (95% CI)
GDM

No. (%)
Gestational

No. (%)
GenotypeGene

0.8120.71 (0.23 -2.20)(54.17%)(45.45%)FF

VDR
FOK1 0.9282.00 (0.63 -6.33)(37.50%)(54.55%)Ff

1.0000.20 (0.01 -4.12)(8.33%)(0.00%)ff

Allele frequency of VDR FokI gene polymorphism in GDM patients and controls show in table 4.
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Table 4: Allele frequency of Fok1 polymorphism.

P value
OR

(95% CI)
Control samples

No. (%)
Gestational

No. (%)
AlleleGene

0.3610.75 (0.30- 1.91)(78.0%)(72.73%)F
VDR
FOK1

0.3611.33 (0.52 - 3.38)(22.0%)(27.27%)f

P value
OR

(95% CI)
Control samples

No. (%)
GDM

No. (%)
AlleleGene

0.3630.76 (0.30 - 1.89)(78.0%)(72.92%)F

VDR
FOK1 0.3631.32 (0.53 - 3.29)(22.0%)(27.08%)f

P value
OR

(95% CI)
GDM

No. (%)
Gestational

No. (%)
AlleleGene

0.6010.99 (0.40 - 2.46)(72.92%)(72.73%)F
VDR
FOK1

0.6011.01 (0.41 - 2.51)(27.08%)(27.27%)f

Discussion

Diabetes mellitus became major health concern 
worldwide. Female < 50 years (gestational age) have 
greater prevalence than males (12). VDR polymorphism 
influences capability to type 1 diabetes mellitus, but 
association with GDM is not yet clear.(13) Vitamin D has 
indicated to be substantially related to pancreatic β-cell 
function and susceptibility (14). It was advertised that, no 
association noticed between VDR BsmI polymorphism 
and GDM in Saudi women (15) 

We analyzed VDR gene FokI polymorphism in 
GDM pregnant Iraqi women. Genotypes frequencies for 
FF, Ff, ff among control groups were 60%, 36% and 4% 
respectively, and among normal pregnant were 45.45%, 
54.55% and 0.0% respectively, with insignificant 
association (p > 0.05), and in GDM patients were 54.17%, 
37.50% and 8.33% respectively with no significance 
with normal pregnant and with control (p > 0. 05). These 
finding are in agreement with results of the study that 
showed VDR FokI polymorphism not associated with 
Saudi GDM (13). An Indian study suggested that VDR 

gene polymorphism is associated with type 2 diabetes 
mellitus.(16) Results of allele frequency distribution F 
and f in GDM were 72.92% and 27.08% respectively, 
in control were 78.0 % and 22.0 %, and among normal 
pregnant were 72.73 % and 27.27%, and there were no 
significantly between these groups (P > 0.05). These 
results consistent with got by Aslani S and Alzaim M, 
who suggested that F allele may have a role in decrease 
incidence of GDM (17) 

Conclusion

Vitamin D deficiency was more prevalent among 
Iraqi women. The results showed a relationship between 
age, body mass index and gestational diabetes mellitus, 
also There were significant differences in concentrations 
of fasting blood glucose, glycated hemoglobin, insulin 
hormone, insulin resistance, lipid profile except high 
density lipoprotein cholesterol between normal pregnant 
and gestational diabetes mellitus, but there were no 
significant differences in concentrations in insulin – 
like growth factor hormone.The results of the present 
study showed vitamin D receptor FokI polymorphisms 
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not associated with Iraqi gestational dibetes mellitus.
Homozygous FF turned out to be as a prenetive genotype 
of gestational diabetes mellitus,while Ff and ff turned out 
to be related with risk of GDM.The allele F represents 
a preventive allele, while the allele f acts as etiological 
factor. 

Ethical Clearance: The Research Ethical 
Committee at scientific research by ethical approval of 
both environmental and health and higher education and 
scientific research ministries in Iraq 

Conflict of Interest: The authors declare that they 
have no conflict of interest. 

Funding: Self-funding 

References 

1-	 Horlick MF. Vitamin D: the underappreciated 
D- lightful hormone that is important for skeletal 
and cellular health. curr opin Endocrinol Diabetes, 
2002; 9(1): 87-98.

2-	 Horlick MF. Vitamin D deficiency. N Engl J Med., 
2007; 357: 266 – 281.

3-	 Houghton LA, Vieth R. The case against 
ergocalciferol (vitamin D2) as a vitamin supplement. 
Am J clin Nutr., 2006; 84: 694 – 697.

4-	 International Diabetes Federation IDE, Diabetes 
Atlas update poster, 6th ed. Brussels, Belgium, 
2014.

5-	 Zmuda J.M, Cauley J.A, Ferell R.E. Molecular 
epidemiology of vitamin D receptor gene variants. 
Epidemiologic Reviews, 2000; 22(2); 203 – 217.

6-	 Seshadri K.G, Tamilselvan B, Rajendran, A. Role 
of vitamin D in diabetes, Journal of Endocrinology 
and Metabolism, 2011; 1 (2): 47– 56.

7-	 PittasAG, Lau J,Hu FB, Dawson-Hughes B. The 
role of vitamin D and calcium in type 2 diabetes. 
A systematic review and meta-analysis. J Clin 
Endocrinol Metab. 2007; 92(6): 2017-2029. 

8-	 Shukla P, Mishra R, Huang W, Hu N. 
pharmacological Role of vitamin D supplementation 
in the prevention of Diabetes and Gestational 

diabetes. J Diabetes Res Ther, 2015; 1(1): 1-6.

9-	 American Diabetes Association (ADA). Expert 
committee on the Diagnosis and Classification of 
Diabetes Mellitus, 2003.

10-	 Working group on gestational diabetes. National 
guidelines for gestational diabetes. Duodecim, 
2008; 124: 1556 – 1569.

11-	 Bodnar LM, Catov JM, Simhan H.N, Holick MF, 
powers RW, et al. Maternal vitamin D deficiency 
increases the risk of preeclapsia. J clin Endocrinol 
Metab 2011; 92: 3517 – 3522. 

12-	 Alqurashi K, Aljabri K, Bokhari S, Prevalence of 
diabetes mellitus in Saudi community. Ann Saud 
Med. 2011;31 (1) :19-23.

13-	 El-Beshbishy HA, Tawfeek MA, Taha IM, Fadul 
Elahi T, Shaheen AY, Bardi FA, et al. Association 
of vitamin D receptor gene BsmI (A>G) and FokI 
(C>T) polymorphism in gestational diabetes among 
Saudi women. Pak J Med Sci 2015;31(6):1328-
1333.

14-	 Ortlepp JR, Metrikat J, Albrecht M, Von Korff A, 
Hanrath P, Hoffmann R. The vitamin D receptor 
gene variant and physical activity predicts fasting 
glucose levels in healthy young men. Diabetic 
Medicine. 2003; 20:451-454.

15-	 Tawfeek M, Habib F, Sultan E. Vitamin D 
receptor BsmI gene polymorphism and gestational 
diabetes mellitus: A Saudi study. Br. J Med Res. 
2011;1(4):459-468. 

16-	 Kumar HR, Konwar R, Aggarwal CG, Gautam C, 
Saxena M, Nayak Vl, et al. Vitamin D receptor 
(Fok I, Bsm I and Taq I) gene polymorphisms and 
type 2 diabetes mellitus: A North Indian study. J 
Global Infectious Dis. 2009; 63(5): 187_194.

17-	 Aslani S, Hossein-Nenzhad A, Mirzaei K, 
Maghbooli Z, Afshar AN, Karimi F. VDR Fok 
I polymorphism and its potential role in the 
pathogenesis of gestational diabetes mellitus and its 
complications. Gynecol Endocrinol. 2011; 27(12): 
1055_1060. 


