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Genetic influence of vitamin D receptor gene 
polymorphisms on osteoporosis risk

Introduction

Osteoporosis and its related complications are major global 
problems as the disease is a substantial cause of morbidity and 
mortality, affecting about 200 million women worldwide.[1] In 
the 1990s, it was discovered that the problem of osteoporosis 
in Saudi Arabia was more severe than in the rest of the 
world, with a reported prevalence between 23% and 31%.[2,3] 
Considering this, osteoporosis imposes a heavy burden on 
patients and families as well as the health-care system.[4] Due 
to the strong association between the disease and bone mineral 
density (BMD), the scanning of BMD using dual-energy X-ray 
absorptiometry (DEXA) has become the most commonly 
used diagnostic technique.[5] Osteoporosis is a multifactorial 
disease characterized by reduced BMD (<2.5 standard 
deviations below young adults), with a consequent increase 
in bone fragility and susceptibility to fracture.[6,7] In fact, the 

prevalence of osteoporosis varies among different countries 
and even among different regions and ethnic groups of a single 
country.[8] Several genes have been studied to reveal their 
contributions to osteoporosis risk, among them is vitamin D 
receptor (VDR) gene.[9]

Vitamin D and its active metabolites participate in the 
processes of bone tissue mineralization, maintaining calcium 
homeostasis, and bone remodeling which is mediated through 
its receptor, VDR. The VDR receptor is expressed on the cell 
surfaces of the intestine, thyroid, and kidney and has a key role 
in calcium homeostasis.[10] The human VDR gene is localized 
on the short arm of chromosome 12 and consists of 9 exons 
that encode a 427 amino acid protein.[11] In the VDR gene, 
several common polymorphic sequence variations have been 
reported. VDR genotypes were found to be associated with a 
wide variety of bone diseases as well as multiple sclerosis, 
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osteoporosis, vitamin D-dependent rickets type II, and other 
complex maladies.[12,13] However, its association with BMD is 
controversial and has not been established in different ethnic 
populations. Polymorphisms in the gene can occur in its coding 
or noncoding parts and lead to changes in the protein sequence; 
these can also affect the degree of gene expression.[14] These 
include single nucleotide polymorphisms (SNPs) that can be 
identified with the appropriate restriction endonucleases such 
as ApaI and TaqI.[15] The VDR ApaI (rs7975232) polymorphism 
is located in intron 8 and it has been suggested to affect mRNA 
stability.[14] Whereas, the VDR TaqI (rs731236) polymorphism 
is located in exon 9 and has been shown to influence the 
biological function of vitamin D.[16]

Mutations in functional regions of the VDR gene affect the 
metabolism of minerals – especially calcium – and therefore 
bone density. In recent years, multiple studies have been 
performed to investigate the correlation between VDR gene 
variants and osteoporosis risk, suggesting the presence of ethnic 
differences in the genetic association with osteoporosis.[17,18] A 
series of characterized VDR gene polymorphisms, including 
FokI, ApaI, TaqI, and BsmI, have been extensively studied with 
regard to their association with the disease, but contradictory 
results have been offered.[19-21] The correlation remains unclear 
and requires further in-depth studies.

Vitamin D deficiency is common in the Middle East and 
in Saudi Arabia in particular.[22] According to the National 
Osteoporosis Foundation, the International Osteoporosis 
Foundation, and the American Geriatric Society, it has been 
suggested that the adequate vitamin D level in the blood 
is 30 ng/ml.[23,24] Therefore, to expose individuals with an 
increased risk of osteoporosis, it is important to identify gene 
variants, which are responsible for low BMD. This will suggest 
a personalized clinical approach to prevent or at least delay the 
development of this disease. From this point of view, this study 
was conducted to evaluate the genetic association of selected 
polymorphic variants within the VDR gene, particularly 
(ApaI and TaqI), among those with osteoporosis in the Saudi 
population.

Materials and Methods

Study design
This case–control study was approved by the National 
Committee for Medical and Bioethics of Health Affairs in 
Jeddah, Ministry of Health, Saudi Arabia (Approval Number 
A00406). The study included 146 Saudi participants equally 
divided into two groups: 73 individuals had osteoporosis 
(patients) and 73 did not (controls). All participants were at 
least 40 years old and lived in Jeddah, Saudi Arabia, during 
the 10-month study period (March 2017–January 2018). The 
73 osteoporotic patients were on a regular follow-up schedule 
in the Orthopedic Department at King Fahd General Hospital 
in Jeddah, Saudi Arabia.

Participants were selected based on the results of a two-step 
process: (1) Saudi patients underwent a DEXA scan 
(Discovery-W fan-beam densitometer, Hologic Inc., Bedford, 
MA, USA) in the radiology center of King Fahad General 
Hospital and (2) those having a confirmed diagnostic BMD 
T-score of < –2.5 were included in the study. The 73 healthy 
participants were selected based on the results of their bone 
scans and confirmation that they were free of osteoporosis 
with T-score values > -1. Study participants who were 
pregnant, lactating, and/or had any type of organ dysfunction 
or terminal illness were excluded from the study. Informed 
consent was obtained from all subjects who agreed to provide 
their personal information after they were educated to the 
purpose and procedures of the study. A survey questionnaire 
was used to collect information regarding age, sex, height, 
weight, smoking habits, coffee consumption, previous bone 
fractures, asthma, tumors, renal problems, and family history 
of osteoporosis. Anthropometric measurements were included: 
body mass index (BMI) was calculated as body weight (kg) 
divided by square of body height (m2). The most prominent 
standard BMI categories, as defined by the WHO, are as 
follows: Underweight ≤18.5, normal weight = 18.5–24.9, 
overweight = 25–29.9, and obesity ≥30.

Collection of blood samples and extraction of 
gDNA samples

Blood samples for gDNA extraction were collected in 
EDTA tubes from all participants. The gDNA was extracted 
from whole blood samples using a GeneJET Whole Blood 
Genomic DNA Purification Mini Kit (Catalog number K0782, 
Thermo Fisher Scientific, USA) following the manufacturer’s 
instructions. The quality of each extracted DNA sample was 
assessed by measuring the absorbance at two wavelengths 
(260 and 280) on a DeNovix DS-11 spectrophotometer at the 
Cancer and Mutagenesis Unit in King Fahd Medical Research 
Center, King Abdulaziz University, Jeddah, Saudi Arabia. All 
DNA samples were kept at a temperature of −20°C for future 
experiments.

Genotyping of VDR gene polymorphisms

The different genotypes of the VDR gene (ApaI and FokI) 
were determined using a (polymerase chain reaction-restriction 
fragment length polymorphism [PCR-RFLP]) technique. PCR 
was performed to amplify the regions of interest in the VDR 
gene. To perform PCR in a 25 µl reaction, 12.5 μl Thermo 
Scientific™ DreamTaq Green PCR Master Mix (2X) (catalog 
number K1081, Thermo Fisher Scientific, California, USA), 
1 μl of each forward and reverse primer, 8.5 μl of nuclease-free 
water (catalog number 203601, Affymetrix, Santa Clara, CA, 
USA), and 2 μl genomic DNA (100 ng/µl) were added into 
PCR tubes. Then, all tubes were centrifuged at 5000 rpm for 
5 min before being placed in a PCR thermocycler. The PCR 
primers and thermocycler reactions [Table 1] were previously 
published without any modifications.[25,26]
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Statistical analysis
In this study, statistical analyses were performed using 
IBM SPSS statistics version 20.0. A non-parametric Mann–
Whitney test was used to compare one parameter between 
the two groups. Univariate regression analysis was applied 
to assess the relationship between each single variable with 
osteoporosis. Allele frequencies were calculated as the number 
of occurrences of the test allele in the population divided by the 
total number of alleles. The odds ratio (OR), 95% confidence 
intervals, and P values of genotype distributions and allele 
frequencies were determined using a Chi-square test following 
the Hardy–Weinberg equilibrium assumption. All P < 0.05 
were considered as statistically significant.

Results

Determination of participants physical and 
biochemical characteristics
The baseline characteristics of osteoporosis patients and 
controls are shown in Table 2. Physical characteristics such 
as age, weight, height, BMI, and biochemical parameters 
such as vitamin D and calcium levels were presented as mean 
± standard error of the mean. The mean age of the patients 
(65.90 ± 1.27 years) was significantly (P < 0.001) higher 
than the mean age of controls (53.63 ± 1.22 years). The 
means of heights and weights were significantly (P < 0.001 
and P < 0.05, respectively) lower in osteoporotic patients 
(160.04 ± 0.78 cm and 68.88 ± 1.56 kg) as compared to 
healthy controls (167.66 ± 0.98 cm and 74.51 ± 1.75 kg). On 
the other hand, no significant difference (P = 0.3) was seen in 
BMI among the two study groups (patients’ BMI mean 26.82 
± 0.53 kg/m2 as compared to 26.45 ± 0.54 kg/m2 in controls). 
When univariate regression analysis was performed to assess 
the OR and degree of significance between each variable with 
the risk of osteoporosis, results showed that only age and 
vitamin D levels were significantly different between patients 
and controls. However, these differences had no significant 
association with osteoporosis risk, as shown by the calculated 
ORs (the expected OR for age was 1.11 and for vitamin D, it 
was 0.922). In this study, vitamin D and calcium levels were 
also estimated in the serum of the participants [Table 2]. The 
comparison by a Mann–Whitney test showed that the control 
group had significantly higher levels of vitamin D (28.03 ± 
2.01 ng/ml) than those in the patient’s group (17.54 ± 0.87 
ng/ml; P < 0.001). In contrast, serum calcium levels were 
not significantly different between the two groups (P > 0.05).

Genotype and allele frequencies distribution of 
the VDR gene (ApaI) variant
The genotype and allele frequencies of the ApaI variant for 
the osteoporotic group and the control group are presented 
in Table  3. The genotypic frequencies of the osteoporotic 
group were 18% (n = 13) normal (AA); 59% (n = 43) 
heterozygous (Aa); and 23% (n = 17) homozygous (aa). The 

Table 1: PCR primers and conditions used for VDR 
polymorphisms amplification
Locus Primers and PCR conditions PCR product 

sizes

ApaI
(rs7975232)

Forward 
(5′-GGATCCTAAATGCACGGAGA-3′)
Reverse 
(5′-ACGTCTGCAGTGTGTTGGAC-3′)
Initial denaturation at 95°C for 5 min, 
followed by 35 cycles of denaturation at 
95°C for 1 min, annealing at 55°C for 1 
min, and an extension at 72°C for 1 min, as 
well a final extension at 72°C for 10 min

265 bp

TaqI
(rs731236)

Forward (5’-CAGAGCATGGACAGG 
GAGCAG-3’)
Reverse (5’-GCAACTCCTCATGGGCTG 
AGGTCTCA-3’)
Initial denaturation at 94°C for 4 min, 
followed by 35 cycles of denaturation at 
94°C for 1 min, annealing at 64°C for 1 
min, and an extension at 72°C for 1 min, as 
well a final extension at 72°C for 7 min

501 bp

VDR: Vitamin D receptor, PCR: Polymerase chain reaction

To confirm the different genotypes of the ApaI and TaqI 
variants in the VDR gene, RFLP was performed on all PCR 
products using restriction enzymes. To perform RFLP, a 30 µl 
mixture was prepared as follows: 10 µl of a PCR product, 17 µl 
of RNase free water, 2 µl of 10x FastDigest Green buffer, and 
1 µl of a specific FastDigest enzyme (Thermo Fisher Scientific, 
Waltham, MA, USA) (ApaI [catalog number FD1414] or TaqI 
[catalog number FD0674]) were mixed in an Eppendorf tube 
and incubated at 37°C for 20 min without an inactivation 
step. Digestion products were visualized on 2% agarose 
gels. These were resolved on a 1.5% agarose gel containing 
0.5 μg/ml ethidium bromide using a gel electrophoresis system 
(Peqlab, Germany) at 60 V for 20 to 30 min. The gel was 
visualized under UV light using a transilluminator system 
(Cleaver Scientific Ltd., UK) at the Central Lab in King Fahd 
Medical Research Center, King Abdulaziz University, Jeddah, 
Saudi Arabia.

The measurement of serum levels of vitamin D 
and calcium

Serum samples for measuring biochemical parameters of 
calcium and vitamin D were obtained from all subjects; plain 
red vacutainer tubes were used. Then, they were stored at 
−20°C until the time of analysis. The 25-hydroxyvitamin D 
[25(OH)D] was the preferred metabolite that has been used to 
assess serum vitamin D levels.[27] The level of serum 25(OH)
D was determined automatically as described previously 
using a Roche Elecsys modular analytics (Cobas e411) to 
perform an electrochemiluminescence immunoassay (Roche 
Diagnostics, GmbH, Mannheim, Germany).[28] Serum calcium 
was measured on an Olympus AU 400 chemistry autoanalyzer 
using a photometric color (Arsenazo method) test. Both 
analyses were performed in the Biochemistry laboratory at 
King Fahad General Hospital, Jeddah, KSA.
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allelic frequency of “A” versus “a” was 48% versus 52% in 
the patients’ group. Genotype distribution for the osteoporosis 
group was within the Hardy–Weinberg equilibrium (χ2 = 2.59, 
degree of freedom [DF] =1, 0.1 < P < 0.2). In controls, the 
results showed 49% (n = 36) normal (AA); 48% (n = 35) 
heterozygous (Aa); and 3% (n = 2) homozygous (aa). The 
frequency of “A” allele was 73% and the frequency of “a” 
allele was 27%. Genotype distribution for the control group 
was within the Hardy–Weinberg equilibrium (χ2 = 3.6, DF = 1, 
0.05 < P < 0.1). A statistically significant increase was found 
in heterozygous (Aa) and homozygous (aa) genotypes in the 
ApaI polymorphism among osteoporotic patients as compared 
to controls (P = 0.002 and P < 0.0001, respectively). Moreover, 
the minor “a” allele was found to be more common in patients 
than in healthy controls (P < 0.0001). Comparing the results 
of the OR showed that this SNP had a higher significant risk 
for osteoporosis development between osteoporotic patients 
and healthy controls [Table 3].

Genotype and allele frequencies distribution of 
the VDR gene (TaqI) variant
Table 4 shows the frequency distribution of genotypes and 
alleles of the TaqI polymorphism among osteoporotic patients 
and controls. The genotypic frequencies of the TaqI variant in 
the osteoporotic group showed 33% (n = 24) normal (TT); 48% 
(n = 35) heterozygous (Tt); and 19% (n = 14) homozygous 
(tt). The genotype distribution for the osteoporosis group was 
within the Hardy–Weinberg equilibrium (χ2 = 0.3, DF = 1, 0.2 
< P < 0.975). The analysis showed that the “T” allele frequency 
was 55% and the “t” allele frequency was 45% in the 

osteoporotic patient’s group. On the other hand, in the control 
group, this variant was distributed as 46.6% (n = 34) normal 
(TT); 50.7% (n = 37) heterozygous (Tt); and 2.7% (n = 2) 
homozygous (tt). The frequency of the “T” allele was 73% 
and the “t” allele was 27% in the control group. The genotype 
distribution for the control group was out of the Hardy–
Weinberg equilibrium (χ2 = 4.99, DF = 1, 0.025 < P < 0.05). 
Comparing the results of the ORs showed that this SNP had 
a significant risk for osteoporosis development between 
osteoporotic patients and healthy controls, especially carriers 
of the homozygous (tt) genotype which was significantly higher 
in the osteoporosis patients group than in the control group 
(P = 0.001). Moreover, a significant increase was seen in the 
“t” allele in the osteoporosis group as compared to controls 
(P = 0.01).

Discussion

Bone fragility and fractures in osteoporotic patients have 
attracted particular attention in Saudi Arabia. The etiology 
of osteoporosis involves the interaction of genetic and 
non-genetic factors. Although the genetic influence on the 
development of osteoporosis is well established, the number 
of genes involved, their chromosomal locations, the magnitude 
of their effects, and the way they may interact with each 
other and with other risk factors are not well defined.[29] Since 
BMD is under strong genetic control and polymorphisms 
in the VDR gene locus could be associated with the bone 
mass, and that the VDR genotyping could be used to assess 

Table 2: Physical and biochemical characteristics of patients with osteoporosis and those in the control group
Variables Patients (n=73) 

Mean±SEM
Controls (n=73) 

Mean±SEM
Mann-Whitney 

P-value
Univariate regression 

P-value
Expected odds 

ratio

Age (years) 65.90±1.27 53.63±1.22 <0.001 <0.0001 1.11

Height (cm) 160.04±0.78 167.66±0.98 <0.001 0.05 0.68

Weight (kg) 68.88±1.56 74.51±1.75 0.04 0.20 1.30

Body mass index (kg/m2) 26.82±0.53 26.45±0.54 0.29 0.21 0.49

Vitamin D (ng/ml) 17.54±0.87 28.03±2.01 <0.001 <0.001 0.92

Calcium (mg/dl) 9.13±0.10 9.21±0.07 0.69 0.63 0.86
SEM: Standard error of the mean

Table 3: Frequency distribution of genotypes and alleles of ApaI 
among members of the osteoporosis group and healthy controls
ApaI 
polymorphism

Frequencies, n (%) P-value Odds ratio  
(95% CI)Patients 

(n=73)  
(%)

Controls 
(n=73) 

(%)

AA 13 (18%) 36 (49%) 1 (Reference)

Aa 43 (59%) 35 (48%) 0.002 3.40 (1.57–7.39)

aa 17 (23%) 2 (3%) <0.0001 23.54 
(4.77–116.19)

A 48% 73% 1 (Reference)

a 52% 27% <0.0001 2.93 (1.62–5.29)

Table 4: Frequency distribution of genotypes and alleles of TaqI 
among members of the osteoporosis group and healthy controls
TaqI 
polymorphism

Frequencies, n (%) P-value Odds ratio 
(95% CI)Patients 

(n=73)
Controls 
(n=73)

TT 24 (33%) 34 
(46.6%)

1 (Reference)

Tt 35 (48%) 37 
(50.7%)

0.48 1.34 (0.67–2.69)

tt 14 (19%) 2 (2.7%) 0.001 9.92 
(2.06–47.72)

T 55% 73% 1 (Reference)

t 45% 27% 0.01 2.21(1.22–3.99)
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predisposition to osteoporosis, many studies have been carried 
out to explain the exact role of VDR alleles and BMD.[30] The 
relationship between VDR variants (ApaI and TaqI) and bone 
disorders has been investigated in numerous studies, which 
have produced disparate results based on the geographical 
and ethnic factors.[31,32] In this study, the association of ApaI 
and TaqI polymorphisms of the VDR gene with osteoporosis 
risk was investigated. A significant increase was found in the 
genotype frequencies of the ApaI (Aa) and (aa) genotypes 
among osteoporotic patients as compared to controls. On the 
other hand, the homozygous (tt) genotype of TaqI was found 
to be significantly higher in the patients than in the controls. 
Regarding the allelic levels, the minor “a” allele of ApaI and 
the “t” allele of TaqI were significantly more common in the 
patients than in the controls. Moreover, the serum level of 
total vitamin D was found to be lower in osteoporotic patients 
compared to controls and no significant difference in calcium 
serum level between the two groups.

In contrast to our results, Seremak-Mrozikiewicz et al. found 
that the TaqI polymorphism was associated with BMD in 
Polish postmenopausal osteoporotic women, especially 
patients carrying the normal (TT) genotype, who had lower 
BMD than (Tt) and (tt) genotype patients.[33] In 2003, Zhang 
et al. reported a significant relationship between the (AA) 
genotype of ApaI and the incidence of osteoporosis in Chinese 
menopausal women.[34] In 2009, Dundar et al. studied the 
genotype distribution of ApaI in Turkish menopausal women 
and showed that individuals with the (aa) genotype had a lower 
bone density and higher serum calcium level than those with 
the (AA) genotype.[35] On the other hand, in 2004, in a similar 
study involving Turkish menopausal women with osteoporosis, 
the authors found that individuals with (TT, Tt, and tt) 
genotypes in the TaqI variant had the highest bone density and 
the lowest serum calcitonin levels.[36] In Greek menopausal 
women with osteoporosis, the genotype frequencies of TaqI 
had a nonsignificant relationship with BMD, osteoporosis, or 
bone fractures, while they did have a significant relationship 
with calcium absorption.[37] Similar results were obtained 
from Tunisian osteoporotic menopausal women in whom it 
was found that the (Aa) genotype of the ApaI genotype was 
considered a protective factor against osteoporosis while the 
(aa) genotype was considered an osteopenic factor related 
to bone fractures.[38] In Belarusian osteoporotic menopausal 
women, both ApaI and TaqI polymorphisms were found 
to be influencing factors of osteoporosis.[39] In spite of the 
contrasting results of the previously mentioned studies, in a 
meta-analysis review by Shen et al. on 14 studies consisting 
of 6500 osteoporotic women, no significant relationship was 
found among the named polymorphisms and the incidence of 
bone fracture.[40]

Conclusion

This study adds more knowledge to the genetic variants role 
of the VDR gene polymorphism (ApaI and TaqI) in the Saudi 

population. The major strength result of the study includes 
the high impact of VDR polymorphisms’ distribution on 
osteoporotic patients and healthy individuals. The analysis 
revealed that ApaI (Aa) and (aa) genotypes, as well as the 
TaqI (tt) genotype, are significantly associated with the risk 
of osteoporosis in the Saudi population. Therefore, the VDR 
gene polymorphisms (ApaI and TaqI) can be considered as 
influencing factors of osteoporosis in Saudi Arabia. This could 
support our understanding of the relationship between VDR 
polymorphisms and osteoporosis in the Saudi population. 
Furthermore, it can explain the effect of ethnicity on disease 
susceptibility when the patients of different populations will 
be compared to those of the Saudi population. However, the 
study has a number of limitations, most importantly, the small 
number of sample size, which might affect the statistical 
correlations of some comparisons.
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