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Abstract
BACKGROUND: Type 2 diabetes mellitus (T2DM) is a chronic metabolic syndrome caused by insulin secretion 
abnormalities, insulin action, or both. Gene polymorphism is a risk factor of T2DM.

AIM: This study aims to see the role of Apa-I Vitamin D receptor gene polymorphism on T2DM.

METHODS: This study was an analytic observational with a case–control approach, consisting of 70 T2DM patients 
and 70 healthy subjects as a control. Genotyping of the Apa-I Vitamin D receptor gene polymorphism was performed 
using the polymerase chain reactions-restriction fragment length polymorphisms method. The role of the Apa-I 
Vitamin D receptor gene polymorphism and the risk of T2DM were analyzed using the Chi-square test.

RESULTS: The results showed that there was a significant association between codominant (TT genotype); 
dominant; recessive models of the Apa-I Vitamin D receptor gene polymorphism with the risk of T2DM (p < 0.05; odds 
ratio [OR] = 0.204, 95% confidence interval [CI] = 0.063–0.662; OR = 0.337, 95% CI = 0.113–1.004; OR = 0.367, 
95% CI = 0.180–0.747, respectively), but not in codominant (GT genotype) and over-dominant models (p > 0.05).

CONCLUSION: This study shows a role of the codominant (TT genotype); dominant; recessive models of the Apa-I 
Vitamin D receptor gene polymorphism on T2DM, but not in codominant (GT genotype) and over-dominant models.
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Introduction

Diabetes mellitus (DM) is a chronic metabolic 
syndrome with signs of hyperglycemia. Hyperglycemia 
occurs due to abnormalities in insulin secretion, insulin 
action, or both. About 90% of all DM patients are type 
2 DM (T2DM). Based on the International Diabetes 
Federation in 2019, there were 463 million T2DM 
patients in the world, and the number of T2DM patients 
is estimated to increase to 700 million in 2045. In 2019, 
Indonesia ranked as the second highest number of T2DM 
patients in the West Pacific region after China, with an 
estimated of 10.7 million patients [1]. Base on the data of 
the Indonesian Ministry in 2013, in North Sumatra found 
1.7% cases of T2DM and the number of T2DM patients 
is estimated to increase to 1.9% of cases in 2018 [2].

T2DM is one of the metabolic diseases that are 
underdiagnosed. About 30% of T2DM patients are often 
unaware of their condition, and by the time, the diagnosis 
is made, 25% have already developed microvascular 
complications. The mean delay from onset to diagnosis 
is estimated to be about 7 years. It is necessary to know 
the risk factors for this disease for earlier diagnosis and 
even more efficient prevention [3], [4].

The risk factors of T2DM are genetic, lifestyle, 
and environment [5]. Nowadays, the researchers 

suggest that single-nucleotide polymorphisms (SNPs) of 
the Vitamin D receptor gene are among the risk factors 
in genetic groups that play a role in T2DM. The human 
Vitamin D receptor gene is located on chromosome 
12q12-q14. SNPs are genetic variant in Vitamin D 
receptors that can affect the activity of Vitamin D receptors 
and their ligands, namely, 1,25(OH)D. Furthermore, the 
binding of Vitamin D receptors and their ligands will affect 
the metabolic process in cells [6], [7].

The previous studies on the T2DM population in 
Jeddah, Saudi Arabia, showed the genotype and allele of 
the Apa-I Vitamin D receptor gene polymorphism as a risk 
factor for developing T2DM [8], but on the T2DM population 
in Turkey and Mexico showed the different results [9], [10]. 
Based on differences in the previous studies in various 
populations, this present study aims to analyze the role of 
the Apa-I Vitamin D receptor gene polymorphism in T2DM 
patients in the Universitas Sumatera Utara Hospital.

Materials and Methods

Ethics

This research was conducted in June–October 
2020, after obtaining approval from the ethics committee 
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of the Universitas Sumatera Utara (Ethics Number: 160/
KEP/USU/2020), the director of Universitas Sumatera 
Utara Hospital. The research subjects have explained 
the objectives, benefits, procedures, and risks of this 
research following the ethical principles of the Second 
Declaration of Helsinki. All research subjects signed 
informed consent after the explanatory of this study. All 
information and data collected from research subjects 
are guaranteed confidentiality and are only used for 
scientific purposes.

Study subjects

This study was an analytic observational 
with a case–control approach consisting of 70 T2DM 
patients and 70 healthy subjects as a control. T2DM 
subjects were recruited at the Universitas Sumatera 
Utara Hospital, Medan, North Sumatra Province. The 
diagnosis of T2DM was based on the Indonesian 
Endocrinology Society, following criteria of PERKENI, 
Indonesia. Healthy subjects as controls were randomly 
recruited among staff at the Faculty of Medicine, 
Universitas Sumatera Utara, based on the results of 
their fasting glucose and glycated hemoglobin (HbA1c) 
test [11].

T2DM and the healthy groups had one or all 
of the conditions, such as T2DM with complications, 
T1DM, chronic infections, and malignancy, were 
also excluded from the study. Healthy subjects with 
a family history of DM were also excluded from the 
study.

Fasting glucose, HbA1c, and genotype 
analysis

Measurement of fasting glucose levels and 
HbA1c for T2DM and healthy subjects was carried out 
at the Universitas Sumatera Utara Hospital using a 6000 
analyzer with hexokinase immunoturbidimetry method. 
The genomic DNA was extracted from the subjects 
peripheral venous blood, using the Promega Wizard 
Isolation Kit (US). Genomic DNA measured using 
Nanodrop spectrophotometric with the absorbance at 
260 nm and 280 nm wavelengths to determine DNA 
concentrations and purity.

Genotyping of the Apa-I Vitamin D receptor 
gene polymorphism was carried out using the 
polymerase chain reactions-restriction fragment length 
polymorphisms (PCR-RFLP) method. Amplification 
was performed using primers.

F- 5′CAACCAAGACTAC AAGTACCGCG TCAGTGA-3′;
R- 5′CACTTCGAGCACAAGGGGCGTTAGC-
3′(Macrogen, Singapore).

PCR was carried out with annealing at 61°C 
for 2 min, with 35 cycles. PCR products were identified 
on 2000 bp. The PCR product was digested by Apa-I 

restriction enzyme at 37°C for 4 h (Thermo Scientific 
TM). The result of Apa-I enzyme digestion was 
visualized with 4% agarose. The result was GG = 2000 
bp, GT = 2000, 1700, and 300 bp, and TT = 1700 and 
300 bp [12].

Data analysis

Data analysis was performed using SPSS 
version 21 software. Hardy–Weinberg equilibrium 
(HWE) of Apa-I Vitamin D receptor gene was tested 
using the Chi-square goodness-of-fit test with p > 0.05. 
The Chi-square statistical test or Fisher’s exact test 
was performed to determine the odds ratio (OR) of the 
relationship between the Apa-I Vitamin D receptor gene 
polymorphism and risk of T2DM, with a confidence 
interval (CI) of 95% and p < 0.05.

Results

The study included 70 T2DM patients and 70 
healthy subjects. The gender distributions were 75 
(53.6%) male and 65 (46.4%) female. The mean age 
was 49.20 ± 14.95 years.

Table 1 shows that fasting blood glucose and 
HbA1c levels in the T2DM patients were 216.02 ± 100.89 
and 9.03 ± 2.18, respectively, and in healthy subjects 
were 91.19 ± 9.36 and 5.42 ± 0.32, respectively.
Table 1: Fasting glucose and HbA1c levels of the studied 
groups
Variables T2DM (n=70) Control (n=70)
Fasting glucose, mg/dl 216.02±100.89 91.19±9.36
HbA1c, % 9.03±2.18 5.42±0.32
Data in mean±standard deviation. T2DM: Type 2 diabetes mellitus, HbA1c: Glycated hemoglobin.

PCR and RFLP products of Apa-I Vitamin D 
receptor gene polymorphism are shown in Figures 1 
and 2.

Figure 1: Polymerase chain reactions product of Apa-I Vitamin D 
receptor gene in 2% agarose gel electrophoresis. Lane M is a 1 kbp 
ladder, lane 1 is a negative control, lanes 2–11 represent of Apa-I 
Vitamin D receptor gene (2000 bp)
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Figure 2: Polymerase chain reactions (PCR)-restriction fragment 
length polymorphisms product of Apa-I Vitamin D receptor gene 
polymorphism in 4% agarose gel electrophoresis. Lane M is a 1 kbp 
ladder, lane C represents PCR product as control, lanes 1, 2, 6, 7, 9, 
and 10 represent homozygote mutant TT (1700 bp and 300 bp), lanes 
3, 4, 8, and 11 represent heterozygote GT (2000 bp, 1700 bp, and 
300 bp), and lane 5 represents homozygote wild-type GG (2000 bp)

Table 2 shows a statistically significant 
difference between TT, TG, GG genotypes, and A, T 
alleles of Apa-I Vitamin D receptor gene polymorphism 
in the T2DM patients and healthy subjects (p < 0.05). 
The Chi-square goodness-of-fit test showed that there 
was a balance of HWE in Apa-I Vitamin D receptor 
gene polymorphism for each T2DM and control group 
(p > 0.05).

The association between all genetic models of 
the Apa-I Vitamin D receptor gene polymorphism and the 
risk of T2DM is shown in Table 3. There is a significant 
association between codominant (GG vs. TT); dominant 
(GG vs. GT + TT); and recessive (GG + GT vs. TT) models 
of the Apa-I Vitamin D receptor gene polymorphism with 
the risk of T2DM (p < 0.05). In this study showed that 
codominant, dominant and recessive models of Apa-I 
reduced risk of T2DM (OR = 0.204, 95% CI = 0.063–
0.662; OR = 0.337, 95% CI = 0.131–1.004; OR = 0.367, 
95% CI = 0.180–0.747, respectively). In contrast, there 
was no association between codominant (GG vs. GT) and 
over-dominant GG + TT versus GT of Vitamin D receptor 
gene polymorphisms and T2DM (p > 0.05).

Discussion

In this study, an analysis of the distribution of 
genotypes and alleles of the Apa-I Vitamin D receptor 

gene polymorphism in T2DM patients and healthy 
subjects was carried out. There was a statistically 
significant difference between TT, TG, GG genotypes, 
and A, T alleles of Apa-I Vitamin D receptor gene in the 
T2DM patients and healthy subjects (p < 0.05).

Polymorphism is a difference in DNA sequences 
between one individual to another, from one group to 
another, or from one population to another. SNPs are 
the most common form of polymorphism. SNIPs are a 
substitution of one nucleotide base in DNA sequences 
between purines (A, G) and pyrimidines (C, T) or 
between purines and pyrimidines. Genotypes and alleles 
of the Apa-I Vitamin D receptor gene polymorphism vary 
widely between different populations. Geographical 
differences, ethnic diversity, and lifestyle in a population 
are thought to cause variant in the genotypes and alleles 
of the Apa-I Vitamin D receptor gene polymorphism in 
each population [7], [13].

Nowadays, the researchers that the Apa-I Vitamin 
D receptor gene polymorphism is associated as a risk 
factor for several diseases including T2DM [6], [14], [15]. 
This study found a significant association between 
codominant (TT genotype); dominant; recessive models 
of the Apa-I Vitamin D receptor gene polymorphism with 
the risk of T2DM but not in codominant (GT genotype) 
and over-dominant models.

The previous study on the T2DM population in 
Saudi found that the genotype and allele of the Apa-I 
Vitamin D receptor gene were a risk factor of T2DM [6], 
but a study in the Moroccans population showed 
no association between all genetic models of Apa-I 
polymorphism and T2DM [16]. The other previous study 
showed that the genotypes and alleles of Apa-I Vitamin 
D receptor gene polymorphism are not associated with 
risk of T2DM in the population of Pakistan [17]. An earlier 
literature review study showed that of 15 studies, none 
of which showed a significant association between the 
Apa-I Vitamin D receptor gene polymorphism and the 
risk of T2DM (n = 171–4563), as well as the two other 
meta-analyzes that analyzed the risk of T2DM in 3871 
individuals [18], [19], [20].

Table 2: Genotype and allele frequency of Apa-I Vitamin D receptor gene polymorphism and HWE test in the studied groups
Polymorphism Genotype/allele T2DM patients n (%) Control n (%) p-value HWE in T2DM patients χ2 (p) HWE in control χ2 (p)
Apa-I (G>T) TT 18 (25.7) 34 (48.6) 0.009 1.01 (0.32) 0.34 (0.56)

TG 39 (55.7) 31 (44.3)
GG 13 (18.6) 5 (7.1)
T 75 (53.6) 99 (70.7) 0.003
G 65 (46.4) 41 (29.3)

T2DM: Type 2 diabetes mellitus, HWE: Hardy–Weinberg equilibrium.

Table 3: Association of Apa-I Vitamin D receptor gene 
polymorphism in studied groups according to genetic models
Polymorphism Genetic models OR 95% CI p-value
Apa-I (G>T) Codominant

GG versus GT 0.484 0.156–1.504 0.204
GG versus TT 0.204 0.063–0.662 0.006

Dominant
GG versus GT+TT 0.337 0.113–1.004 0.043

Recessive
GG+GT versus TT 0.367 0.180–0.747 0.005

Over dominant
GG+TT versus GT 1.583 0.812–3.084 0.176

OR: Odds ratio.
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Susceptibility to suffer from T2DM is related 
with changes in the ability of Vitamin D receptors to 
bind to 1,25(OH)D. Polymorphism of the Apa-I Vitamin 
D receptor alters the activity and affinity of this receptor 
binding to 1,25(OH)D. Changes in activity and affinity 
of Vitamin D receptors will be changed circulating 
of 1,25(OH)D which, in turn, affects sensitivity and 
resistance of insulin [10], [21]. The previous studies 
demonstrated the AA (GG) genotype of the Apa-I Vitamin 
D receptor gene polymorphism were significantly 
associated with lower insulin resistance (p = 0.035), in 
response to Vitamin D supplementation [22].

This research needs to be continued by 
involving a larger sample size and measuring the 
levels of Vitamin D and insulin to understand how the 
mechanism of association between the Apa-I Vitamin D 
receptor gene polymorphism and the risk of T2DM. We 
expected that the results of this study became feedback 
for further research.

Conclusion

This study shows that there was an association 
between codominant (TT genotype); dominant; 
recessive models of the Apa-I Vitamin D receptor gene 
polymorphism with the risk of T2DM but not in codominant 
(GT genotype) and over-dominant models. Codominant 
(TT genotype); dominant; recessive models of the Apa-I 
Vitamin D receptor gene polymorphism play a role in 
reducing the risk of T2DM in this population.
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