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ABSTRACT
Objective: To investigate the prevalence of single nucleotide polymorphisms of vitamin D receptor (VDR) gene, and its association with
Type 2 Diabetes Mellitus.
Study Design: Cross-sectional study.
Place and Duration of Study: Ziauddin University Hospital, Karachi, from January 2018 to 2020.
Methodology: A total of 200 unrelated individuals, aged 25 to 65 years, were selected and divided into two groups, T2DM patients
(100) and non-diabetic controls (100). After consent, demographics, diabetic history and related risk factors were recorded in a standard
questionnaire and blood was collected. The VDR (Fok1, Taq1 and Apa1) polymorphisms were analyzed through PCR and RFLP.
Results: In T2DM patients, F/F and F/f genotypes were found in 49 (49%) and 45 (45%) patients, respectively. The ff genotype was less
common in T2DM [6 (6%)], compared to healthy controls [14 (14%)], (odds ratio=0.473, 95% CI: 0.267–0.839). The frequency of T/t geno-
type was 36% and 31% in the control and diabetic group respectively while for A/a genotype was 38% and 34% respectively, the results
were not statistically significant.
Conclusion: T2DM was found significantly associated with Fok1 Polymorphisms of VDR gene. The study found a protective role of ff of
Fok1 in diabetic patients. Further studies in larger cohorts are required for validation.
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INTRODUCTION
Type 2 diabetes mellitus (T2DM), is a multi-factorial syndrome and
its etiology involves a complex interplay between genetics, epige-
netics, and environmental factors that affect beta-cell function and
insulin sensitivity of various tissues. In recent years, Vitamin D3,
through correlation of the above factors, has been found to be
involved  in  causing  T2DM.  Vitamin  D  influences  body  through
multiple metabolisms. The synthesis and bioavailability of Vitamin
D are dependent on socioeconomic (D-rich food), environmental
(sunny areas) and genetic factors (receptor genes, binding protein
genes).

The studies around the world have proved that vitamin D improves
the function of β-cells of islets of Langerhans in the pancreas and
protect them from calamitous immune attack.1  It  improves the
sensitivity  of  insulin  hormone  with  its  receptor  and  reduces
hormone resistance. Active vitamin D is required to carry out these
functions by binding to its intracellular receptor (VDR).1
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Vitamin  D  receptor  (VDR),  belongs  to  the  receptor  family  of
steroid hormones and is present inside the cell. After the binding
of vitamin D3 there is a conformational change in the VDR which
assist in its binding to the DNA and activate the transcription of
genes on the DNA for the synthesis of many proteins. The vitamin
D receptor  gene  is  present  on  the  long  arm of  chromosome
number 12 (12q13.1) and is  composed of 14 exons.  It  has a
promoter region that is very extensive and generates different
tissue-specific transcripts.2 Vitamin D receptor gene polymor-
phisms has been found to be of several types with diverse physio-
logical and pathological phenotypes. The four allelic variants of
the VDR gene are described as: Fok1, Apa1, Bsm 1,and Taq1.3

Out of the above four alleles, three alleles of the Bsm1, Apa1, and
Taq1 polymorphisms are located at intron 8 and exon 9, near the
3' end of the VDR gene and are genetically linked, while Fok1 is
present at exon 2.4

Pakistan is a sunny country, yet the majority (73%) of the popula-
tion is vitamin D deficient.5  Secondly, type 2 diabetes mellitus is
also very common (13.7%),6 hence, one can contemplate that
VDR gene polymorphism may be one of the factors involved in
the prevalence of type 2 diabetes mellitus.

The objective of this study was to investigate the prevalence of
three (SNP) single nucleotide polymorphisms; Fok1, Apa1 and
Taq1 of the VDR gene, and find out its correlation with the occur-
rence of T2DM.
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METHODOLOGY

Unrelated  individuals  (200),  from  Ziauddin  University
Hospital, Karachi, were included in this study. Prior to the start
of the study, ethical approval was obtained from Ethics Review
Committee,  Ziauddin  University.  The  study  subjects  were
divided into two groups. Group one comprised 100 subjects
with type 2 diabetes, (diagnosed at least two years back) and
group 2 with 100 without diabetes, as non-diabetic controls. A
standard questionnaire recorded history of diseases including
diabetes  mellitus,  chronic  obstructive  pulmonary  disease
(COPD), hypertension, smoking habits, and medications, of
the patients. A basic general physical examination recorded
weight, height, waist-hip circumference and blood pressure.
Patients  with  type  1  diabetes  mellitus  (T1DM)  or  receiving
insulin  or  any other  treatment  for  hypercholesterolemia  or
hypertension were excluded from the study.

After informed consent from subjects, 5 ml of blood, in tubes
containing ethylenediaminetetra acetic acid, was collected.
Isolation of DNA was done by using a DNA purification kit by
Fermentas (Gene Jet Genomic kit). Extracted DNA was divided
into aliquots and stored at 4°C till further use.

Polymerase chain reaction (PCR) was performed in the total
volume of 25µl of reaction mixture consisting of 4.5µl of DNA,
12.5 µl of Master Mix (having MgCl2, PCR buffer, dNTPs and Taq
DNA polymerase), 2 µl of each primer, Forward (AGCTGGC-
CCTGGCACTGACTCTGCTCT) and Reverse (ATGGAAACACCTT-
GCTTCTTCTCCCTC) and 4 µl of nuclease-free water. The PCR
tubes were placed in the thermocycler for amplification. The
cycling temperatures for Fok1, Taq1 and Apa1 polymorphism
were: initial denaturation at 95°C for 5 min, 35 cycles at 95°C
for 30 sec, 63°C for 30 sec and 72°C for 1 min and finally one
final cycle of extension at 72°C for 5 min.

The PCR products were then digested by 1.0 unit of Fok1, 3.0
unit  of  Taq1and  3.0  units  of  Apa1  restriction  enzyme  (Fast
Digest-Fermentas) at 37°C for 4 hours, 65°C for 3 hours and
65°C  for 1 hour respectively. For electrophoresis 5 µl of the
digested reaction mixture was then loaded into 2% agarose gel
containing ethidium bromide and run for 1 hour and then visual-
ized under the UV light. DNA ladder of 100 bp was used for the
determination of digested fragments. Fok1 digested product
genotyped as homozygote FF (265 bp) and ff (169 bp and 96
bp),whereas, heterozygotes genotypes included, Ff (265, 169
and 96 bp). The Taq1 digestion revealed homozygote genotype
TT (245 and 495 bp), tt homozygotes (205, 245 and 290 bp) and
the heterozygotes genotype Tt (495, 205, 290 and 245 bp) frag-
ments. The Apa1 digestion revealed genotype AA homozygote
(740 bp), genotype aa homozygotes (530 and 210) and geno-
type Aa heterozygote (740, 530 and 210 bp) fragments.

Descriptive  statistics  were  calculated  for  both  clinical  and
biological data. Mean and standard deviation were calculated
for continuous variables and student t-test was performed to
analyze them. Chi-square test of association was performed
for categorical variables which were presented as frequency

and percentages. The p-value less than 0.05 was considered
as significant.

RESULTS

The mean age of participants was 52.3±9.6 years, ranged from
25 to 65 years. Statistical significant difference was observed
among  patients  and  controls  regarding  weight  and  height
(p=0.013 and 0.01 respectively). However, the difference in
relation to age and BMI was not significant (p value= 0.131 and
0.119  respectively).  Significant  difference  was  observed  in
diabetic groups compared to healthy controls regarding fasting
blood glucose (p<0.001), HbA1C (p<0.001) as well as choles-
terol (p<0.001), LDL (p<0.001) and triglyceride (p<0.001).

The  difference  in  Vitamin  D  levels  in  patients  with  T2DM
(23.09±4.1 ng/ml) compared to the controls (29.33±2.5 ng/ml)
was statistically significant (p<0.001). HbA1c was also signifi-
cantly higher (p<0.001) in diabetic subjects (7.5±0.5) than in
the control (5.8±0.7, Table  I).
 

Table I: Demographic and biochemical characteristic comparison
between the diabetic and non-diabetic group.

Variable
Diabetic
(100)
mean + sd

Non-diabetic
(100)
mean + sd

p-value

Age (years) 52.3±9.6 50.11±10.8 0.131
Weight (kg) 77.3±11.5 72.5±15.3 0.013
Height (cm) 164.5±7.0 161.7±7.7 0.01*
BMI (kg/m2) 28.6±4.2 27.7±3.8 0.119
FBS (mg/dl) 140.2±13.7 91.9±9.2 <0.001*
HbA1C % 7.5±0.5 5.8±0.7 <0.001*
Cholesterol
(mg/dl) 183.9±20.9 140.1±11.7 <0.001*
LDL (mg/dl) 141.06±7.7 114.1±7.3 <0.001*
HDL (mg/dl) 38.5±4.0 43.5±3.5 <0.001*
Triglyceride
(mg/dl) 209.2±30.3 120.7±9.7 <0.001*
Vitamin D
(ng/ml) 23.09±4.1 29.3±2.5 <0.001*
*Highly significant. BMI: body mass index. Data expressed as the means ±
SD. P-values were obtained by the Student's t-test. SD: Standard deviation.
FBS: Fasting blood sugar, TG: Triglycerides, TC: Total cholesterol, HDL: High-
density lipoprotein, LDL: Low-density lipoprotein.

Analysis of VDR gene of Fok1 polymorphism revealed the preva-
lence of F/F genotype in the diabetic group as 49 (49%) and in
controls 45 (45%). The results also affirm that the frequency of
genotype F/f as 45 (45%) and 41 (41%) in diabetes and controls
respectively. Levels of f/f genotype were 6 (6%) in diabetics and
14 (14%) in control subjects as shown in (Table II). There was
less  ff  genotype in  diabetic  group compared to  the  healthy
controls (odds ratio = 0.473, 95% CI: 0.267–0.839). Interest-
ingly control subjects had higher frequency of f allele (51% vs.
33%) suggesting that f allele may have a protective role (p=
0.01),  whereas,  the F  allele  maybe a  predisposing factor  of
T2DM in the Pakistani population (Figure 1). There was a signifi-
cant  association  observed  regarding  Fok1  alleles  in  their
possible interactions in the diabetic group when compared with
healthy controls (Table II).
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Figure 1: Allele frequency of Fok1, Taq1 and Apa1polymorphism in T2DM.

Table II: Frequency of polymorphism within exon 2 and 9 of VDR gene in
diabetic patients and controls.

Genotype Controls Diabetic
patients p-value

Fok1 (Exon 2)
F/F 45 (45%) 49 (49%)

0.169F/f 41 (41%) 45 (45%)
f/f 14 (14%) 6 (6%)
Taq1 (Exon 9)
T/T 28 (28%) 31 (31%)

0.748T/t 36 (36%) 31 (31%)
t/t 36 (36%) 38 (38 %)
Apa1 (Intron 8)
A/A 27 (27%) 31 (31%)

0.780A/a 38 (38%) 34 (34%)
a/a 35 (35%) 35 (35%)
Alleles Controls Diabetic

patients p-value

FF allele    
Yes 49 67 0.010*No 51 33
ff allele    
Yes 51 33 0.010*No 49 67
*Highly significant. Chi-square test used.

However, regarding the frequency of T/T, T/t and t/t genotypes
no  remarkable  difference  was  seen  between  the  cases  and
controls. Similarly, differences in alleles between both groups
related to the frequency of T and t were also not consequential.
Furthermore, Apa1 polymorphism (frequency of, A/a, A/A and
a/a genotype and alleles A and a) did not show any differences
between healthy controls and cases.

DISCUSSION

The study showed thatT2DM was significantly associated with
Fok1 Polymorphisms compared to other genotypes. Majority of
studies around the world on association of VDR gene polymor-
phisms with diabetes mellitus have found a significant associa-
tion with Fok1 Polymorphisms. A study conducted in Santiago
de Chile on type 2 diabetic  community also concluded VDR
Fok1 gene polymorphism as a possible risk factor for type 2
diabetes  mellitus  especially  in  elderly  population.7  North-

eastern Indian population also found a close association of type
II diabetes mellitus with VDR polymorphisms of Fok1 as well as
Bsm1, and Taq1.8

The present study observed an association of F/F genotype of
VDR gene with diabetes depicting F allele as a highly significant
(p <0.01) risk predisposing factor of T2DM in the Pakistani popu-
lation. A study conducted in Saudi Arabia showed a statistically
significant frequency of Ff heterozygous genotype in patients
compared  to  controls  (33%  vs.  21%,  OR  =  1.9,  95%
CI = 1.006-3.587, p = 0.04).9 Among VDR SNPs, Fok1 has been
revealed  as  functional  polymorphism  through  extensive
studies. This restriction site, Fok1 is located near the promoter
region within the 5′ end, resulting in different translation initia-
tion sites on VDR.10

The f allele was significantly lower (p<0.01) in patients with
T2DM, compared to healthy subjects which is similar with the
study conducted on Moroccan population.11 The present study
observed that f allele of Fok1 can be considered as a protective
shield  against  vitamin  D deficiency.  Previously  a  study also
showed that  this  allele  could  affect  the  circulating  levels  of
vitamin D and induce cardiovascular risk.12

A meta-analysis investigated the association of Fok1 VDR gene
polymorphism with T2DM and reported that the Fok1 polymor-
phism of the VDR gene was related considerably with T2DM risk
in  the  Chinese  population,  but  not  in  Caucasians.13  Another
meta-analysis inspected the affiliation among four well-charac-
terised VDR polymorphisms with T2DM, and concluded that
allele f and variant homozygote of ff of Fok1 were essentially
related  with  T2DM  and  are  the  risk  factors  for
T2DM.  Taq1,  Bsm1  or  Apa1  SNPs  are  not  associated  with
Diabetes Melitus in the Asian population.14 These inferences are
in accordance with this study; which proves that Fok1 SNPs are
risk factors for T2DM in other populations as well. Other VDR -
gene SNPs; Taq1, ApaI or BsmI were also not found associated
with  diabetic  microvascular  complications,  however,  Fok1
in the Caucasian population was found associated with diabetic
neuropathy.13

The other SNPs, Taq1, Bsm1, and Apa1 polymorphisms, located
at the 3′  untranslated region (3′  UTR) of  the VDR gene,  are
alleged to alter VDR expression. These VDR genotypes have
been reported to potentially affect the individual’s response to
treatment.  This  was  demonstrated  in  Bsm1  CC  genotype
women, who compared to TT genotype women showed greater
improvement  in  bone  mineral  density  after  treatment.22  In
agreement with our outcomes a recent meta-analysis did not
discover any affiliation of the other three genotypes (Bsm 1,
Apa1 and specially Taq1) with expanded T2DM risk in overall
and subgroup analysis.13

Regarding Taq1 and Apa1 genotypes, our study did not show
any  statistically  significant  differences  among  cases  and
controls. The frequency of T and t alleles of Taq1 and ‘A’ and ‘a’
allele  of  Apa1were  not  significantly  different  in  cases  and
controls. A study in the Pakistani population from Lahore also
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confirmed the same as our results regarding the association of
Apa1 polymorphism with T2DM.15 The same type of study was
conducted in Saudi Arabia in 2017 by A. P Iyer et al.16 and their
results showed a higher frequency of homozygous recessive
genotype aa in the diabetic population but no association was
found for Taq1 polymorphism.

Vitamin  D  is  reported  to  be  engaged  in  several  biological
processes. Deficiency in vitamin D levels due to polymorphism
or any other reason can disrupt the vitamin D related endocrine
system and can lead to several common diseases which may
progress with time, such as cardiovascular disorders, diabetes
mellitus,  cancer,  tuberculosis  and  osteoarthrosis.12  In  this
study the deficiency of vitamin D was significantly higher in
type II diabetes mellitus patients (26.87 ng/ml) compared to
controls (29. 28 ng/ml). Similar to our study, Dipti Sarma8 also
demonstrated that patients with type 2 diabetes had signifi-
cantly higher levels of deficiency of Vitamin D compared to
controls.

The prevalence of vitamin D deficiency was the same in our
cohort as in a study conducted in Caribbean subjects with T2DM
who also found it to be 42.6%.12 Low vitamin D levels in the Kash-
miri  diabetic  population  observed  an  inverse  relationship
between  glycosylated  hemoglobin  levels  and  vitamin  D
levels.17  Lipid  profile  parameters  (TG,  TC  and  LDL-C)  were
significantly high with lower HDL-C in diabetic patients when
compared with the control population.17 Results of our study
corroborates with study of Mackawy,18 who recommended that
VDR gene polymorphism is affiliated with low vitamin D level
and may also be associated with lipid profile parameters and
lower HDL-C in diabetics. The mechanism that how vitamin D
could alter the lipid profile can be hypothesised through induc-
tion of suppression of PTH by vitamin D which in turn reduces
the lipolysis19 or increase in intestinal absorption of calcium by
vitamin D may lead to a decrease in serum triglyceride levels by
reducing  hepatic  triglyceride  formation  and  secretion.20

Vitamin D also plays an important role in improving the secre-
tion of  insulin as well  as in insulin sensitivity,  hence in this
manner indirectly influences lipid metabolism.21

Large number of studies explored the possibility of VDR poly-
morphism  involvement  in  the  pathogenesis  of  type  2
diabetes.22  Several  genes  involved  in  metabolic  process  of
T2DM were considered candidate for the pathogenesis of the
disease.23 Among them VDR gene can be considered the excel-
lent candidate for susceptibility to disease. On the other hand,
in the case of Apa I and Taq I polymorphism, significant differ-
ences were not found between cases and controls with respect
to any of the genotypes.

CONCLUSION

A significant relationship between Fok1 gene polymorphism of
VDR and susceptibility of T2DM was found in the studied individ-
uals. The role of f allele was more protective in contrast to F
allele. No important relationship was found between Taq1 and
Apa1 polymorphism and T2DM. A larger study with more param-

eters is needed to assess the independent role of each factor
and its relationship with the disease.
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