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BACKGROUND: Vitiligo is a common cutaneous disorder of the skin 
and hair caused by a systemic depigmentation disorder that affects 
1% of the population or less due to its onset in early adulthood. Meta-
analyses have documented a linkage between vitiligo and the vitamin 
D receptor (VDR) gene.
OBJECTIVE: Investigate the relationship between the ApaI, BsmI, 
FokI and TaqI genetic variants in the VDR gene with vitiligo in a Saudi 
population.
DESIGN: Case-control.
SETTING: Single tertiary care center.
PATIENT AND METHODS: The case-control study was carried out 
between January 2015- December 2015 in Saudi vitiligo patients and 
healthy controls. VDR genetic variants or polymorphisms (ApaI, BsmI, 
FokI and TaqI) were genotyped by polymerase chain reaction-restric-
tion fragment length analysis followed by 3% agarose gel electropho-
resis. Applicable statistical methods were used to assess relationships 
between vitiligo cases and controls.
MAIN OUTCOM MEASURE: Effect of genotype distribution among 
four single nucleotide polymorphisms.
SAMPLE SIZE: 152 vitiligo (median [IQR] 23 [19] years) patients and 
159 healthy controls (45 [28.5] years).
RESULTS: We found an association of vitiligo with ApaI and BsmI poly-
morphisms (P<.05). However, a decreased risk was noted in vitiligo 
patients with FokI and TaqI polymorphisms and in the diplotype and 
haplotype analysis within males and females. A positive association 
with vitiligo was observed in ACAC and AC (adjusted by gender) hap-
lotypes (P<.05). The strongest linkage disequilibrium was observed be-
tween rs79785232 (ApaI) and rs731236 (TaqI) polymorphisms (r2=.83), 
followed by rs2228570 (FokI) and rs1544410 (BsmI) polymorphisms 
(r2=.53). 
CONCLUSIONS: Our results confirm an association of vitiligo with 
ApaI and BsmI polymorphisms and fail to show an association in TaqI 
and FokI polymorphism with vitiligo. Additional studies need to be car-
ried out in different Arab populations to determine whether the poly-
morphisms are present. 
LIMITATIONS: Controls not age matched, small sample size, lack of 
biochemical parameters. 
CONFLICT OF INTEREST: None.
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Vitiligo is defined as an acquired, idiopathic and 
hereditary skin disorder characterized by one 
or more patches of depigmented skin due to 

the loss of cutaneous melanocytes.1 The global preva-
lence of vitiligo, primarily of the non-segmental form, 
is estimated to be between 0.5-2.0% of the diseased 
population.2 The pathogenesis is not completely un-
derstood.3 Although not life threatening, vitiligo of-
ten reduces quality of life.4 Epidemiologically, vitiligo 
is connected with thyroid disorders, pernicious ane-
mia, rheumatoid arthritis, type 1 diabetes, and lupus 
diseases.5 To date, genome-wide association studies 
(GWAS) have identified several thousands of single nu-
cleotide polymorphisms (SNPs) associated with human 
diseases and complex traits, and have been success-
ful in elucidating the pathophysiological mechanism 
of underlying diseases with the genetic influence.6 In 
addition to GWAS, case-control and family association 
studies have also identified many vitiligo susceptibility 
genes and SNPs.7 Previous studies have confirmed the 
connection between vitiligo and the vitamin D recep-
tor (VDR) gene, and vitamin analogs have been used 
for the treatment of the condition. Vitamin D analogs 
restrict the activation, proliferation, and migration of 
melanocytes, and can also regulate the activation of 
T-cells, which mediate the damage of melanocytes.8 
VDR is expressed in melanocytes and regulates mela-
nin synthesis.9 The biological function of VDR involves 
the conversion of vitamin D into 25-hydroxyvitamin D, 
followed by a 1α-hydroxylation step to yield 1,25-dihy-
droxyvitamin D3.10 In humans, vitamin D is used to treat 
skin disorders, including psoriasis and vitiligo.11 The 
VDR gene maps to chromosomes 12p13.11 The gene 
contains numerous polymorphic sites in its untranslated 
region (which regulates the functional stability of the 
transcript), that can be assayed using the restriction 
enzymes for polymorphisms of the VDR gene. We se-
lected four SNPs for this study: ApaI, BsmI, and TaqI, 
and there is a FokI variant in exon 2. The wild-type and 
mutant alleles of these variants are termed as A-a, B-b, 
T-t, and F-f according to the presence or absence of 
the respective restriction sites.12,13 Previous case-control 
studies of VDR gene polymorphisms in vitiligo did not 
provide conclusive results because of a lack of ethnic 
variation, publication bias, sample size, and the types of 
vitiligo included. However, a meta-analysis of previous 
reports confirmed that the VDR gene contains potential 
biomarkers for early detection of vitiligo.14,15 There are 
few genetic studies conducted in the Saudi population; 
therefore, we aimed to investigate the relationship be-
tween the ApaI, BsmI, FokI and TaqI genetic variants of 
the VDR gene and vitiligo in the Saudi population.

PATIENTS AND METHODS
This retrospective case-control study was carried out 
between January 2015 and December 2015 and includ-
ed 152 unrelated patients of Arab descent from Saudi 
Arabia, who met strict clinical diagnostic criteria for vitil-
igo and 159 unrelated age and gender-matched healthy 
Saudis. Patients were consecutively recruited from the 
dermatology outpatient clinic of King Khalid University 
Hospital, Riyadh, Saudi Arabia. The clinical diagnosis of 
vitiligo was confirmed by two dermatologists according 
to the diagnostic criteria of the Vitiligo European Task 
Force.16 All clinical diagnoses of vitiligo were agreed 
upon by both dermatologists. Demographic informa-
tion and clinical information were collected from both 
the cases and controls, through a full clinical checkup. 
Vitiligo patients with any other skin disease, and non-
Saudi nationalities were excluded from the study. 
Control subjects were healthy Saudi individuals with no 
clinical or family history of vitiligo or any other skin/au-
toimmune disorders. This study was approved by the 
Institutional Review Board, College of Medicine, King 
Saud University (08-649 and E-20-4773). All subjects 
provided written informed consent, and the study was 
performed in accordance with the ethical standards laid 
down in the Declaration of Helsinki. 

Genetic analyses
Peripheral venous blood samples were collected and 
dispensed into 3-mL tubes containing 5.4 mg of eth-
ylenediaminetetraacetic acid (EDTA). Genomic DNA 
was extracted from the leucocytes of all 311 partici-
pants using a commercial kit (Qiagen, United States). 
A NanoDrop spectrophotometer (ThermoFisher 
Scientific) was used to quantify the genomic DNA, 
which was then stored at -80°C. SNPs in the VDR 
gene were genotyped by polymerase chain reaction-
restriction fragment length polymorphism (PCR-RFLP) 
analysis using the ApaI, BsmI, TaqI and FokI restriction 
enzymes.The details of primers and relevant band sizes 
of specific SNPs are described in Table 1. Purified DNA 
containing the polymorphic regions was amplified by 
PCR in a total volume of 30 µL, including 20µL of the 
ready-made PCR master mix containing reaction buf-
fer mix with magnesium chloride, 100 ng of genomic 
DNA, 0.5 µL of 100 picomoles of both sense and anti-
sense primers, and 8.0 µL of distilled water.17 Amplified 
products were digested for 16 hours with the specified 
restriction enzymes and separated by electrophoresis 
on 3% agarose gel. For restriction enzyme digestion, 
reactions contained 15 µL of PCR product, 2.0 µL of 
buffer, 1.0 µL of restriction enzyme, and 2.0 µL of dis-
tilled water. Quality control was performed for 16 (10%) 
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samples selected randomly from cases and controls by 
repeating the genotyping procedure.

Statistical analysis
All analyses were performed using the statistical soft-
ware IBM SPSS (Version 22). Data for controls and pa-
tients with vitiligo were analyzed separately, and values 
for the total population were also obtained. Data are 
presented as mean and standard deviation (SD) or me-
dian and interquartile range in the case of data not nor-
mally distributed. Frequency distribution analysis was 
performed. Genotype and allele frequencies were cal-
culated. The significant differences between the case 
and control groups were determined using the chi-
square test. Hardy–Weinberg equilibrium (HWE) was 
determined by the goodness-of-fit test. Frequencies of 
genotypes and alleles were compared between control 
and vitiligo patients and among different groups. Odds 
ratios and their 95% confidence intervals (CIs) were 

Table 1. Primers and restriction enzymes used in the polymerase chain reaction.

VDR single 
nucleotide 
polymorphisms

Forward primer Reverse primer PCR 
product 

Restriction 
enzyme Digested band sizes

ApaI (rs79785232) AGAGCATGGA
CAGGGAGCAAG

GCAACTCCTCATG
GCTGAGGTCTCA 746bp ApaI A-746bp; C-529/217bp

BsmI (rs1544410) CAACCAAGACTACA
ACCGCGTCAGTGA

AACCAGCGGA
AGAGGTCAAGGG 872bp BsmI A-872bp; G-701/171bp

TaqI (rs731236) AGAGCATGGA
CAGGGAGCAAG

GCAACTCCTCATG
GCTGAGGTCTCA 746bp TaqI T-427/169/92/32/26bp; 

C-293/252/201bp

Fok1 (rs2228570) AGCTGGCCCTGG
CACTGACTCTGCTCT

ATGGAAACACCT
TGCTTCTTCTCCCTC 267bp FokI T-193/70bp; C-267bp

Figure 1. Age distribution of vitiligo patients and controls.

calculated. Probability values P≤.05 were considered 
statistically significant. Differences between vitiligo 
cases and controls were evaluated with the help of the 
SNPstat software, using χ2, and odds ratios and 95% 
CI calculation. Haploview (version 4.2) was used for the 
calculation of pairwise linkage disequilibrium (LD) coef-
ficients (D′) among the four SNPs.18

RESULTS
We identified 311 Saudi subjects from King Saud 
University and categorized them as 152 cases with vit-
iligo and 159 controls. All 152 cases were confirmed to 
have vitiligo. The median (IQR) ages in the groups were 
23 (19) years in the vitiligo patients and 45 (28.5) in the 
controls (P<.001, Mann-Whitney U test) (Figure 1).

Among subjects with vitiligo 42.1% were male and 
57.9% female, whereas, 42.1% of controls were male 
and 57.9% female, similar to the vitiligo cases (P=.80 
and P=.77, respectively). Among vitiligo cases, 30.9% 
had a family history of the disease, and 20.4% of the 
vitiligo patients had consanguineous parents. Hardy-
Weinberg equilibrium was calculated for cases versus 
controls. The TaqI and FokI polymorphisms were not 
in HWE (P<.05); however, the ApaI and BsmI polymor-
phisms were in equilibrium.

Genotype analysis of VDR genetic polymor-
phisms
The genotype and allele frequency distributions for the 
ApaI, BsmI, TaqI, and FokI VDR gene polymorphisms 
among vitiligo patients and controls are presented in 
Table 2. For the ApaI polymorphism, the genotypes 
AA, AC, and CC were identified in 48%, 52%, and 
0% of cases and 53.4%, 40.9%, and 5.7% of controls. 
Comparison of the genotypic distribution of cases and 
controls indicated a statistically significant association 
under the dominant model (AC+CC vs. AA; OR=19.25, 
95% CI [1.11–333.7]; P=.04). There was no statistically 
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Table 2. Genotype and allele frequencies for vitiligo cases and controls (including crude odds ratios for vitiligo risk).

Vitiligo 
(n=152)

Controls  
(n=159) Odds ratio 95% CI P value

ApaI (rs79785232)

AA 73 (48) 85 (53.4)

AC 79 (52) 65 (40.9) 0.71 0.45-1.11 .1333

CC 0* 9 (5.7) 23.1 1.31-403.6 .031

Hardy-Weinberg equilibrium

Chi-square 18.738 0.567

P value 0.001 0.451

AC+CC vs AA 152 (100) 150 (94.3) 19.25 1.11-333.7 .04

AC vs AA+CC 79 (52) 65 (40.9) 1.2 0.805-1.786 .37

CC vs AA+AC 0* 9 (5.7) 0.05 0.002-0.759 .0317

A 225 (0.74) 235 (0.739)

C 79  (0.26) 83 (0.261) 0.994 0.694-1.422 .974

BsmI (rs1544410)

AA 27 (17.8) 35 (22.1)

AG 81 (53.3) 95 (59.7) 1.10 0.61-1.98 .73

GG 44 (28.9) 29 (18.2) 1.78 1.02-3.099 .04

Hardy-Weinberg equilibrium

Chi-square 0.955 6.15

P value .328 .013

AG+GG vs AA 125 (82.2) 124 (77.9) 1.18 0.803-1.74 .39

AG vs AA+GG 81 (53.3) 95 (59.7) 0.562 0.322-0.978 .04

GG vs AA+AG 44 (28.9) 29 (18.2) 1.5 0.885-2.55 .13

A 135 (0.44) 165 (0.52)

G 169 (0.56) 153 (0.48) 1.35 0.984-1.85 .06

TaqI (rs731236)

TT 91 (59.9) 60 (37.7)

TC 61 (40.1) 93 (58.5) 0.43 0.27-0.68 .0003

CC 0* 6 (3.8) 0.05 0.002-0.919 .04

Hardy-Weinberg equilibrium

Chi-square 9.578 16.519

P value .0019 0.001

TC+CC vs TT 61* (40.1) 99 (62.3) 0.40 0.25-0.63 .0001

TC vs TT+CC 61 (40.1) 93 (58.5) 0.47 0.29-0.73 .001

CC vs TT+TC 0* 6 (3.8) 0.07 0.004-1.37 .02

T 243 (0.80) 213 (0.67)

C 61 (0.20) 105 (0.33) 0.50 0.35-0.73 .0003
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significant association of allele or genotype frequencies, 
including the AC and CC genotypes, or when data were 
analyzed under the co-dominant or recessive models (C 
vs. A; OR=0.994, 95% CI [0.69–1.42]; P=.97). 

Genotypes AA, AG, and GG are potentially de-
tected using the BsmI polymorphism in the VDR gene. 
Heterozygotes were more common in controls (59.7%) 
than cases (53.3%); however, the variant genotype GG 
was more frequent in cases (28.9%) than in controls 
(18.2%). Based on these data, we identified a statisti-
cally significant association of the BsmI polymorphism 
with only the GG genotype (GG vs. AA; OR=1.78, 95% 
CI [1.02–3.10]; P=.04). No statistically significant associ-
ations with vitiligo subjects were observed under allelic, 
dominant, co-dominant, or recessive models (G vs. A; 
OR=1.35, 95% CI [0.98–1.85]; P=.06) and (AG+GG vs. 
AA, OR=1.18, 95% CI [0.80–1.74]; P=.39). 

Genotype analysis indicated negative associations  
of vitiligo with both the TaqI and FokI VDR gene poly-
morphisms compared with that in controls, meaning 
that the frequency of the SNP was reduced in the vitili-
go cases. For the TaqI polymorphism, heterozygote (TC) 
and variant (CC) genotypes were common in controls 
(TC=58.5% and CC=3.8%), whereas, among cases, only 
40.1% of individuals carried the TC genotype and the 
CC genotype was completely absent. Statistically signif-
icant negative associations were detected under allelic, 
genotype, and other models (C vs. T, OR=0.50; 95% 
CI [0.35–0.73]; P=.0003); (CC vs. TT, OR=0.05, 95% CI 
[0.002–0.91]; P=.04) and (TC+CC vs. TT, OR=0.40, 95% 

Table 2 (cont.).Genotype and allele frequencies for vitiligo cases and controls (including crude odds ratios for vitiligo risk).

CI [0.25–0.63]; P=.0001). A similar pattern was observed 
for heterozygous genotypes (CT) of the FokI polymor-
phism, which was carried by more controls (28.3%) than 
cases (27.6%). No TT genotypes were present in either 
cases or controls. There was no statistically significant 
association under any genetic model, even after Yates 
correction (T vs. C, OR=0.97, 95% CI [0.61–1.53]; P=.90); 
(TT vs. CC, OR=1.07, 95% CI [0.02–55.17]; P=.97), and 
(CT+TT vs. CC, OR=0.99, 95% CI [0.60–1.61]; P=.97).

Diplotype analysis
Diplotype analysis of combinations of the ApaI, BsmI, 
TaqI, and FokI VDR gene polymorphisms were estimat-
ed independently for vitiligo cases and controls (Table 
3). Genotype comparisons between cases and controls 
found no statistically significant effects for any of the 
combinations of SNPs. 

Haplotype analysis
Vitiligo cases and control haplotype data stratified by 
gender are presented in Table 4. No association was 
observed when we compared vitiligo cases and controls 
stratified by gender. No statistically significant associa-
tion was detected. Ten haplotypes consisting of combi-
nations of the four different polymorphisms in the VDR 
gene were observed in the study population (Table 5). 
After adjusting for the covariate gender, comparisons 
between cases and controls indicated an association 
with haplotype ACAC (OR=2.46, 95% CI [1.29–4.71]; 
P=.006). Haplotype interactions, adjusted for gen-

Vitiligo 
(n=152)

Controls  
(n=159) Odds ratio 95% CI P value

Fok1 (rs2228570)

CC 110 (72.4) 114 (71.7)

CT 42 (27.6) 45 (28.3) 0.97 0.58-1.58 .89

TT 0* 0* 1.07 0.02-55.17 .97

Hardy-Weinberg equilibrium

Chi-square 3.90 4.32

P value .04 .037

CT+TT vs CC 42 (27.6) 45 (28.3) 0.99 0.60-1.61 .97

CT vs CC+TT 42 (27.6) 45 (28.3) 0.93 0.018-48.13 .97

TT vs CT+CC 0* 0* 1.07 0.02-55.17 .97

C 262(0.86) 273 (0.85)

T 42 (0.14) 45 (0.15) 0.97 0.618-1.53 .90

* Yates continuity correction.
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Table 3. Diplotype distribution of the VDR ApaI, BsmI, TaqI and FokI polymorphisms and estimated vitiligo risk.

ApaI/BsmI/TaqI/FokI Vitiligo 
patients Controls Odds ratio 95% CI P value

AC/GG/CC/TT 19 8 0.371 0.157–0.875 .02

AA/GG/CC/TT 3 5 0.620 0.146–2.64 .512

AC/AA/CC/TT 4 1 4.270 0.472–38.64 .161

AA/GG/TC/CT 1 0 – – –

AC/AG/TC/CT 4 10 0.403 0.124–1.313 .120

AA/AG/TC/CT 3 8 0.380 0.099–1.46 .144

AC/AA/TC/CT 0 1 – – –

AA/AA/TC/CT 5 6 0.867 0.259–2.903 .817

AC/GG/TT/CT 8 1 0.114 0.014–0.922 .015

AA/GG/TT/CT 2 4 0.517 0.093–2.86 .442

AC/AG/TT/CT 9 3 3.273 0.869–12.327 .065

AA/AG/TT/CT 8 5 1.711 0.547–5.35 .351

AC/AA/TT/CT 0 2 – – –

AA/AA/TT/CT 2 2 1.047 0.146–7.52 .964

AC/AG/CC/CC 0 1 – – –

AA/AG/CC/CC 0 4 – – –

AA/AA/CC/CC 0 1 – – –

AC/GG/TC/CC 2 6 0.340 0.068–1.711 .172

AA/GG/TC/CC 9 2 0.202 0.043–0.953 .026

AC/AG/TC/CC 17 20 0.875 0.44–1.74 .704

AA/AG/TC/CC 11 20 0.542 0.251–1.17 .116

AC/AA/TC/CC 0 3 – – –

AA/AA/TC/CC 9 16 0.563 0.241–1.315 .176

AC/AG/TT/CC 15 8 2.067 0.850–5.026 .101

AA/AG/TT/CC 14 11 1.365 0.599–3.109 .457

AA/AA/TT/CC 7 1 7.628 0.927–62.74 .027

Total 152 149 – – –
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Table 5. Haplotype interaction analysis with the covariate gender.

Haplotype association with response (n=311, adjusted by gender)

BSM1 FOK1 APA1 TAQ1 Freq Odds ratio  (95% CI) P value

1 G C A T 0.2201 1.00 ---

2 A C A C 0.1852 2.46 (1.29-4.71) .0068

3 A C A T 0.1802 0.55 (0.24-1.22) .14

4 G C C T 0.1699 0.52 (0.22-1.25) .15

5 G C A C 0.0495 0.69 (0.16-2.94) .62

6 A T A T 0.0481 0.62 (0.18-2.12) .44

7 A C C T 0.0413 1.95 (0.61-6.19) .26

8 G T A T 0.0383 0.80 (0.20-3.16) .75

9 G T C T 0.0269 0.48 (0.09-2.69) .41

10 A T A C 0.0182 4.84 (0.06-389.27) .48

Rare * * * * 0.0224 305 (305-305) <.0001

*Combined genotypes. Global haplotype association P value=.00024

Table 6. Haplotype interaction analysis adjusted odds ratio (adjusted for gender).

Haplotype association with response (n=311, crude analysis)

APA1 TAQ1 Freq Odds ratio (95% CI) P value

A T 0.2204 1.00 -

A C 0.1852 2.50 (1.31-4.76) .0058

A T 0.1806 0.55 (0.25-1.23) .15

C T 0.1687 0.52 (0.22-1.26) .15

A C 0.0491 0.60 (0.14-2.56) .49

A T 0.0487 0.60 (0.18-2.01) .41

C T 0.0413 1.96 (0.62-6.22) .25

A T 0.0379 0.85 (0.21-3.35) .81

C T 0.0275 0.46 (0.09-2.45) .36

A C 0.0177 5.71 (0.04-834.47) .49

* * 0.023 773 (773-773) <.0001

*Combined genotypes. Global haplotype association P value=.00018

der, including odds ratios are presented in Table 6. 
Comparisons between cases and controls indicated an 
association with haplotype AC, consisting of a combi-
nation of the ApaI and TaqI polymorphisms (OR=2.50, 
95% CI [1.31–4.76]; P=.006).

Linkage disequilibrium analysis
Linkage disequilibrium plot analysis generated delta 
coefficient (D′) values for the four VDR SNPs, ApaI, 
BsmI, TaqI, and FokI, in vitiligo cases and controls. 

Strong linkage disequilibrium was observed among all 
four SNPs included in this study (Figure 2). The stron-
gest linkage disequilibrium was observed between 
rs79785232 (ApaI) and rs731236 (TaqI) polymorphisms 
(r2=.83), followed by rs2228570 (FokI) and rs1544410 
(BsmI) polymorphisms (r2=.53).

DISCUSSION
Vitiligo categorized as segmental vitiligo is unilater-
ally defined as an asymmetric distribution of macules 
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and patches along the midline. Vitiligo segmentation 
may be mono, bisegmental or multidisciplinary. Non-
segmental vitiligo is a skin pigmentation-deficient der-
matologic injury. The origin of the disease has been 
extensively examined and several theories put forth, 
but the autoimmune hypothesis is most commonly ac-
cepted.19,20 Vitiligo is a polygenic, multifactorial and 
autoimmune disease that has deep skin and hair that 
is excessively distinguished by the loss of melanocytes. 
It also reflects the contributions of multiple genetic risk 
factors and environmental triggers.21 Vitiligo cannot be 
explained by simple Mendelian genetics, and is char-
acterized by incomplete penetrance, multiple suscep-
tibility loci, and genetic heterogeneity.22 Case-control 
studies are conducted to observe the prevalent factors 
associated with human diseases and to enable the in-
vestigation of multiple possible causes of the diseases. 
In this study, a case-control study was conducted in a 
Saudi population to investigate the association of VDR 
gene polymorphisms with susceptibility to vitiligo. 
Based on our knowledge, the present study was the 
first study implemented in the vitiligo subjects in the 
Saudi population. The results of this study indicate 
nominal associations with the ApaI and BsmI polymor-

Figure 2. Linkage disequilibrium analysis performed for 
ApaI, BsmI, TaqI and FokI polymorphisms present in the 
VDR gene.

phisms. The ApaI polymorphism was associated under 
the dominant model, whereas allele and genotype 
frequencies failed to exhibit associations under other 
genetic models. For the BsmI polymorphism, only the 
GG genotype was statistically significantly associated, 
based on comparisons between cases and controls. 
This variant was significantly more frequent among 
patients diagnosed with vitiligo (28.9%) than among 
controls (18.2%). Allele and genetic models failed to 
show positive or even nominal associations. The TaqI 
and FokI polymorphisms did not show any positive as-
sociation of either allele or genotype frequencies, nor 
under the various genetic models. Therefore, only the 
ApaI and BsmI genetic polymorphisms exhibited asso-
ciations with vitiligo. For the FokI polymorphism, alleles 
were equally distributed between cases and controls. 
Moreover, the CC genotype of the ApaI polymorphism 
was observed in 5.7% of controls, while it was com-
pletely absent from the cases. A similar pattern was ob-
served for the TaqI polymorphism, with 3.8% of controls 
having the CC genotype, which was absent from vitiligo 
cases due to the age difference between cases and 
controls. As vitiligo develops in the mid-20s age range, 
our selection criterion for controls was a minimum age 
of 40 years without any disease. Therefore, the age dif-
ference between cases and controls may be a major 
limitation of our study. A similar age difference in VDR 
gene polymorphisms has been observed in studies of 
different diseases in the Saudi population.23,24 Similar 
age groups were selected in a study of the VDR gene 
in a Saudi population with a different diseases,25-27 and 
no controls were reported in another study of a Saudi 
population.28

The association between vitiligo and the VDR gene 
has been connected with a skin disorder, which is linked 
with vitiligo. Vitamin D is responsible for skin pigmen-
tation, which increases the tyrosine activity of mela-
nocytes.11 Vitamin D levels are primarily determined 
by diet and exposure to sunlight, and it is an estab-
lished environmentally modifiable factor.29 Vitamin D is 
a lipophilic hormone that influences the nuclear VDR. 
The conversion and biological activation of vitamin D 
occur via 25-hydroxyvitamin D [25(OH)D], followed by 
1α-hydroxylation to yield 1,25 dihydroxyvitamin D3 
[1,25 (OH)2D3]. 25(OH)D levels precisely reflect the vi-
tamin D levels in humans.10

Meta-analyses have become the method of choice 
for confirmation of the few case-control studies in the 
general population. Meta-analyses have become more 
relevant in the medical sciences in the context of analy-
sis of specific SNPs, as such studies are designed as 
quantitative, epidemiological investigations consider-
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ing previous studies. They help to derive overall conclu-
sions resulting in the identification of diagnostic markers 
or risk factors for specific diseases.30 Two meta-analyses 
studies documented an association between vitiligo and 
the VDR gene and results confirmed both ApaI and BsmI 
polymorphisms were strongly associated.14,15 Consistent 
with these findings, our study also identified a statisti-
cally significant association with these SNPs. A study of 
VDR gene polymorphism in patients with vitiligo in an 
Egyptian population concluded that there were statisti-
cally significant associations with the ApaI and TaqI poly-
morphisms.31 Various polymorphisms in the VDR gene 
have been investigated in vitiligo patients in East Asian 
and White populations, confirming both positive and 
negative associations.8,19,32-34 

The strength of the current study was the inclusion of 
exclusively Saudi subjects. PCR-RFLP analysis was per-

formed for accurate genetic characterization. Inaccurate 
age-matching of controls was a limitation of this study 
and the major reason for this was that subjects with vit-
iligo were younger (in their mid-20s), while we included 
standard controls, with a minimum age in the mid-40s. 
Missing biochemical parameters was one more limitation 
of our study. The other limitation of this study was limited 
sample size. The final limitation of our study was that we 
did not measure the serum levels in vitiligo patients.

 In conclusion, our results confirmed the association 
of vitiligo with the VDR ApaI and BsmI polymorphisms; 
however, they failed to show positive associations with 
the TaqI and FokI polymorphisms. Future studies may be 
conducted in different Arab populations to determine 
any associations with other diseases. We also recom-
mend studies of vitamin D serum levels and serological 
parameters involved with SNPs in the VDR gene.
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