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SUMMARY
Objectives: Vitamin D is a fat-soluble, prohormone vitamin that is important especially for bone mineralization and skeletal health. In recent 

years, vitamin D deficiency appeared as a worldwide problem, affecting many people in different ways including the Northern Cypriot population. 
The deficiency might be caused by the lack of exposure to sunlight, diet low in vitamin D, sedentary lifestyle, and also due to some genetic varia-
tions in the vitamin D receptor (VDR) gene. 

Methods: In this study, four common VDR polymorphisms and associations with vitamin D deficiency in the Turkish Cypriot population between 
ages 18–40 and working in office conditions was studied by PCR- RFLP analysis.

Results: rs2228570 C>T variant was shown to be significantly associated with low serum vitamin D levels in the studied population. 
Conclusion: Together with the effect of rs2228570 C>T variant in the VDR gene, it is thought that the lifestyle changes in the Turkish Cypriot 

population might have caused the increased frequency of vitamin D deficiency in the young professionals.
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INTRODUCTION

Vitamin D is identified as a fat-soluble vitamin and a li-
pophilic steroid pro-hormone. Vitamin D has common role in 
the human body and regulates calcium homeostasis, phosphorus 
homeostasis, and musculoskeletal health (1, 2). Vitamin D defi-
ciency is a major global public health issue and causes diseases 
such as diabetes, cancer, cardiovascular diseases, autoimmune 
diseases, and depression (3‒6). It helps the bones to develop, 
reduces the risk of colon and breast cancer, helps control infec-
tions, plays an important role in calcium absorption, prevents 
bone loss in older ages, prevents rickets in large quantities, and 
provides calcium storage in the bones (7‒10). Vitamin D is taken 
in two ways: nutrition and sunlight. It can be taken with exter-
nal nutrients or it can be produced in the body with the help of 
sunrays. Liver and kidneys are common organs for transforming 
of vitamin D to its precursor form. After absorption, liver trans-
forms vitamin D into 25-hydroxyvitamin D. 25-hydroxyvitamin 
D is a necessary precursor to the active form. Then the kidneys 

transform 25-hydroxyvitamin D to 1,25-hydroxyvitamin D; 
1,25-hydroxyvitamin D is the active form of Vitamin D in the 
body. If the individuals have a disease related to liver or kidney, 
they can have vitamin D deficiency (2). Vitamin D deficiency 
depends on age and disease, also may be related to populations. 
For example infants, adult and elderly individuals have vitamin 
D deficiency at different rate in different populations (11). 
African Americans and Hispanics are dark skinned and have 
increased amounts of melanin in their skin, which negatively 
affects absorption of vitamin D. Therefore, African Americans 
and Hispanics have vitamin D deficiency (2). Light-skinned 
individuals should be exposed to the noon sun every day for at 
least 30 minutes in order to maintain health and produce suf-
ficient amounts of vitamin D from sunlight. In most of these 
climates, this is not possible for an average of 6 months each 
year, and even using sunscreen to get protection from UV rays 
prevents vitamin D production in the skin. African Americans 
and other dark-skinned people need 6 times the amount they are 
exposed to, to make enough vitamin D. 
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Vitamin D deficiency was associated with cancers includ-
ing colon, breast, prostate, ovary, kidney, bladder, gall blad-
der, and lymphomas (12, 13). William Grant reported that in 
2007 257,000 cancer deaths in the United States were due to 
vitamin D deficiency. As the distance from the dish increased, 
cancer cases also increased. Evidence suggests that vitamin D 
supplementation may help patients to recover (14). It is also 
thought that skin pigmentation is affected by lack of vitamin 
D in humans and white colour may be formed by natural 
selection (15). D vitamins possess potent anti-inflammatory 
properties and may destroy free radicals that cause cellular 
damage. Vitamin D deficiencies are involved in many autoim-
mune disorders including multiple sclerosis, lupus, Crohn’s 
disease, rheumatoid arthritis and psoriasis. Vitamin D sup-
plementation helps improve autoimmune conditions such as 
diabetes mellitus (16).

People in the westernized world are more exposed to open 
spaces, shopping centres, plazas, and so on. The majority of 
the population moved to cities and began to live their lives in 
enclosed spaces. Today, people are now beginning to see the 
rays of the sun as something to be feared and protected from it. 
And people with mutations are beginning to feel more vitamin 
D deficiency because they are less exposed to sunlight. Thus, 
the current study was carried out on the Turkish Cypriot popula-
tion, which were notified rich in vitamin D deficiency, aiming to 
detect frequency of variations on the vitamin D receptor (VDR) 
gene that might have a role in increased frequency of vitamin 
D deficiency in the younger population.

MATERIALS AND METHODS

One hundred and thirty-one Turkish Cypriot individuals, ages 
ranging from 18 to 40, participated in this study. All subjects were 
office workers. The only specific criteria of selecting the subjects 
was body mass index. Individuals with BMI > 30 were excluded. 
The protocol was approved by the Institutional Ethics Review 
Board (NEU/2019/70/857). Informed consent was obtained from 
all participants. 

Biochemical Analysis
Liaison® 25-OH vitamin D assay (Diasorin, Stillwater, MN) 

was used to quantify the serum vitamin D levels, following the 
separation of blood cells by centrifugation within 24 hours of 
sample collection. Accepted ranges for the 25-OH vitamin D 
status are: < 10 ng/ml: severe deficiency; 10–20 ng/ml: deficiency; 
20–29 ng/ml: insufficiency; 30–100 ng/ml: sufficiency; and 
> 100 ng/ml: toxicity.  

Genotyping
Three millilitres of venous blood were drawn into a ster-

ile tube containing ethylenediaminetetraacetic acid (EDTA) 
and stored at +4 °C until the isolation of genomic DNA. 
Total genomic DNA was extracted from peripheral blood 
samples following manufacturer’s protocol (Hibrigen, Istan-
bul, Turkey). Polymerase chain reaction (PCR) followed by 
restriction fragment-length polymorphism (RFLP) analyses 

were performed to obtain the genotypes of vitamin D vari-
ants (rs2228570, rs731236, rs1544410, rs7975232) according 
to previously used protocols (17, 18). The digested fragments 
were separated in 3% agarose gel and visualized by ethidium 
bromide staining. 

Statistical Analysis
Statistical analysis was performed using GraphPad Software, 

Inc. California, USA, and data were expressed as mean ± standard 
deviation (SD). Intergroup significance between the genotypes in 
the Turkish Cypriot population was evaluated by Student’s T-test 
and χ2 analysis. Allelic frequencies were calculated by genotypic 
distribution of polymorphisms; each variant was tested for the 
Hardy-Weinberg equilibrium (HWE). Statistical significance was 
assumed when p-value was < 0.05.

RESULTS

Characteristics of the Studied Group
A total of 131 participants, 48% males and 52% females, volun-

teered in this study. No significant difference between the gender 
of participants was detected. All were unrelated, Turkish Cypriots 
from different parts of the island. Average age of the subjects was 
30.1 ± 5.1 and they were free-living young professionals working 
in their office from nine to five during weekdays. Average serum 
vitamin D level of the participants was 27.4 ± 8.5. 

All individuals underwent regular check-up tests and medical 
examinations by physicians and they were classified as healthy 
with no systemic diseases. All subjects were middle-class workers 
who are exposed to adequate amount of daily sunlight. 

Genotype and Allele Distributions of VDR Gene 
Polymorphisms

Genotype distributions and allele frequencies of the studied 
VDR gene polymorphisms (rs1544410 G>A, rs2228570 C>T, 
rs7975232 A>C and rs731236 T>C) are shown in Table 1. Dis-
tributions of all genotypes were in agreement with the Hardy-
Weinberg equilibrium (HWE p > 0.05). Frequencies of the minor 
alleles were found to be 0.31 for rs1544410 A, 0.39 for rs2228570 
T, 0.25 for rs7975232 C, and 0.37 for rs731236 C. 

Comparison of VDR Gene Polymorphisms with Se-
rum Vitamin D Levels

The serum vitamin D (25-OH vitamin D) level of individuals 
carrying each studied VDR polymorphism is shown in Table 
2. Determination of significant associations between the most 
common allele and minor allele heterozygote and homozygote 
individuals’ serum vitamin D level was performed by ANOVA 
standard weighted-means analysis for independent samples. A 
significant association between carrying the T allele of rs2228570 
variation and having low levels of vitamin D levels was detected 
(p = 0.029). No significant association was detected for rs731236 
T>C (p = 0.683), rs1544410 G>A (p = 0.098), and rs7975232 A>C 
(p = 0.128).
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DISCUSSION

Vitamin D deficiency is currently a worldwide problem, affect-
ing people in many different ways including skeletal problems, im-
mune system deficiencies, depression, and cardiovascular disease. 
Metabolically active vitamin D exerts its effects by binding to its 
receptor, VDR, in the nuclei of target cells. Activated receptors 
initiate expression of genes involved in calcium homeostasis, 
keratinocyte differentiation, bile acid metabolism and immune 
metabolism by directly binding to the hormone response elements 
(HREs). Living in high latitudes, exposure to limited sunlight, 
high age, and sedentary lifestyle are known factors, which 
increase the risk of vitamin D deficiency. In addition to these, 
variations in the VDR gene and encoding the vitamin D receptor 
have also been identified as risk factors. Cyprus, as a Mediter-

ranean island, receive constant sunlight all months throughout 
the year and Mediterranean diet is generally rich in foods with 
vitamin D. However, in recent years it has been revealed that a 
high percentage of the Northern Cypriot population suffer from 
vitamin D deficiency. This suggests that other factors rather than 
sunlight exposure and diet are affecting vitamin D levels. In this 
context, associations between vitamin D levels and common VDR 
polymorphisms in 131 Turkish Cypriots, aged between 18 and 
40, were investigated in this study.

VDR variants studied in the project were rs2228570 C>T, 
rs731236 T>C, rs1544410 G>A, and rs7975232 A>C. These are 
the most widely studied variations of the VDR and were previ-
ously associated with increased risk of certain diseases. Namely, 
rs2228570 is associated with chronic kidney disease, low back 
pain and ovarian cancer (19‒21). Rs731236 was shown to be asso-
ciated with restless leg syndrome and prostate cancer risk (22, 23). 
Rs1544410 is linked to increased risk for adolescent idiopathic 
scoliosis and multiple primary melanoma (24, 25). Rs7975232 is 
associated with chronic obstructive pulmonary disease and risk 
of developing osteoporosis in certain populations (26). 

Allele frequencies of these four variants in the studied group 
were in agreement with the Hardy-Weinberg equilibrium and the 
frequencies were concordant with global and TSI (Tuscany,  Italia) 
populations, which were reported in ENSEMBL database. No 
significant association between having low vitamin D levels and 
carrying the rs731236 T>C, rs1544410 G>A and rs7975232 A>C 
polymorphisms was detected. On the other hand, rs2228570 C>T 
was shown to be significantly associated with low serum vitamin 
D levels in the studied population. These results are in agreement 
with our previous study (27). Interestingly, the effect of vitamin D 
deficiency is seen more frequently in younger people within the 
population. As until 1980s, almost all Cypriots were dependent 
on agriculture and farming facilities for living, which was also 
highly encouraged by the government during the British coloni-
zation (28). Therefore, people were exposed to more sunlight. 
Hypothetically, this way it was possible for them to compensate 
the lack of vitamin D caused by the presence of the polymorphism. 

SNP Genotype/allele n (%) SNP Genotype/allele n (%)

rs2228570

CC 76 (58.0)

rs731236 

TT 49 (37.4)
CT 47 (35.8) TC 67 (51.1)
TT 8 (6.2) CC 15 (11.4)
C 199 (61.1) T 165 (62.9)
T 63 (38.9) C 97 (37.1)

χ2 0.04 χ2 1.41
HWE p-value  0.841 HWE p-value  0.235

rs1544410

GG 64 (48.8)

rs7975232

AA 70 (53.4)
GA 53 (40.4) AC 56 (42.7)
AA 14 (10.6) CC 6 (4.5)
G 181 (69.0) A 196 (74.8)
A 81 (31.0) C 68 (25.2)

χ2 0.37 χ2 1.58
HWE p-value  0.534 HWE p-value  0.208

SNP – single nucleotide polymorphism; HWE – Hardy-Weinberg Equilibrium; χ2 – Chi square; p < 0.05 – significant value

Table 1. Genotype and allele distributions of VDR gene polymorphisms (N = 131)

VDR genotype 25(OH)D 
Mean (SD) p-value

rs2228570 
CC 28.6 (8.7) 0.029
CT + TT 22.1 (8.5)  
rs731236 
TT 26.9 (10.3) 0.683
TC + CC 28.2 (5.0)  
rs1544410
AA 24.3 (9.1) 0.098
AG + GG 29.0 (7.6)  
rs7975232 
AA 24.7 (8.9) 0.128
AC + CC 29.5 (7.9)

Table 2. Comparison of serum vitamin D levels (25-OH D) with 
studied VDR polymorphisms

p < 0.05 – significant value on t-test
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However, for the last few decades most of the Turkish Cypriots 
started to work as from nine-to-five office workers, spending their 
time inside buildings and therefore receiving much less sunlight. 
This variant, which allows them to survive under heavy sun light 
conditions, has become a major disadvantage and an important 
health problem at present. Additionally, the study indicated that 
almost all patients admitted to the hospital suffering from the 
symptoms of vitamin D deficiency are young professionals, who 
work in a nine-to-five office routine. The results well explain the 
typical natural selection scenario, however, further studies with a 
larger cohort and experiments to describe the molecular effect of 
the detected variant can improve our understanding of the subject. 

CONCLUSION

Together with the presence of the VDR gene polymorphism, 
the significant change in the lifestyle of population is most likely 
the main reason of higher numbers of young patients suffering 
from the outcomes of low vitamin D levels in the studied cohort 
of Turkish Cypriot population.
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