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Abstract Obesity, insulin resistance, and hyperandroge-

nism are considered crucial parameters of polycystic ovary

syndrome (PCOS) which might be related to vitamin D

metabolism. The aim of this study was to investigate the

associations between polymorphisms (TaqI and ApaI) in

the vitamin D receptor gene (VDR) and PCOS among

Egyptian women. We aimed also to elucidate the impact of

these polymorphisms on vitamin D level, hormonal and

metabolic parameters of PCOS. One hundred and fifty

Egyptian women with PCOS and 150 unrelated controls

were enrolled in this study. Polymorphisms of VDR Taq-I

T/C (rs731236) and Apa-I A/C (rs7975232) gene were

genotyped using polymerase chain reaction restriction

fragment length polymorphism (PCR–RFLP). Serum 25

hydroxy vitamin D [25(OH) D] levels were measured by

high-performance liquid chromatography. PCOS women

had significantly lower levels of 25(OH) D compared to

healthy women. Our results revealed that Taq-I CC geno-

type and C allele were associated with increased risk of

PCOS, while the Apa-I polymorphism was not. Haplotype

Taq-I C/ Apa-I C was associated with a higher PCOS risk

more than controls. Moreover, there was a significant

decrease of 25(OH) D levels in carriers of haplotype Taq-I

C/ Apa-I C (with variant alleles) compared to the non-

carriers. Results showed also that there was an obesity-

VDR Taq-I genotypes interactions. These results suggested

that, VDR Taq-I gene polymorphism is associated with

increased risk of PCOS in Egyptian women.
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Introduction

Polycystic ovary syndrome (PCOS) is the most common

female endocrine disorder, which has a strong genetic com-

ponent with a prevalence of 5–10 % in women of reproductive

age [1]. Clinical manifestations of PCOS include menstrual

irregularity, hirsutism, acne, infertility, and/or alopecia [2]. Its

endocrinal features include hyperandrogenism, high levels of

luteinizing hormone (LH) with normal levels of follicle

stimulating hormone (FSH), and higher values of the LH/FSH

ratio. PCOS has significant psychological features also

including increased anxiety, depression and worsened quality

of life [2]. Moreover, women with PCOS suffer from meta-

bolic abnormalities including insulin resistance (IR), com-

pensatory hyperinsulinemia, central obesity [3], and type 2

diabetes mellitus [4].

IR stimulates the accumulastion of more weight and

induces hyperandrogenism and other symptoms of PCOS.

The strong association between IR and ovarian hyperan-

drogenism suggests that insulin directly influences ovarian

function [5]. Interestingly, IR increases with increasing body

mass index (BMI) and waist circumference as a clinical sign

of central obesity [6]. Obesity is a common feature of PCOS

that worsens the phenotype of this disease [7]. IR is most
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commonly found in obese PCOS patients (65 %), but can

also occur in about 20 % of lean PCOS patients [8].

Accumulating evidences suggest that vitamin D defi-

ciency might be a causal factor in the pathogenesis of IR

and the metabolic syndrome in PCOS [4]. On the other

hand, obesity is also linked with low 25 hydroxy vitamin D

[25(OH) D] levels in PCOS cohorts [4, 9] and in others

including various groups of obese and normal weight

women and men [10]. Hahn et al. [4] suggested that low

levels of vitamin D may be a primary factor in the initiation

and development of PCOS, and that dietary repletion of

this important vitamin could help to restore normal men-

strual cycles in women with this condition.

The actions of vitamin D are mediated by the vitamin D

receptor (VDR), a nuclear receptor with a DNA-binding

domain that acts through vitamin D response elements

located near the start site of target genes [4]. VDR gene is

located on the long arm of chromosome 12 (12q14) [11]. It

encompasses two promoter regions, eight protein-coding

exons (namely 2–9) and six untranslated exons (1a–1f) [12].

Interestingly, VDR gene regulates about 3 % of the human

genome, including genes that are crucial for glucose, lipid

metabolism and blood pressure regulation [13]. It has been

suggested that single nucleotide polymorphisms (SNPs)

within the VDR gene may influence the stability, quantity,

and activity of VDR protein and the rate of VDR gene

transcription [14]. The presence of the VDR in pancreatic b-

cells supports the findings of earlier study reported that

vitamin D affected insulin secretion [15] and the discovery

of a vitamin D response element on the insulin receptor gene

suggests a mechanism by which vitamin D deficiency could

affect insulin sensitivity [4]. Moreover, previous study has

revealed significant associations between VDR gene poly-

morphisms and insulin sensitivity [16].

VDR gene is highly polymorphic and allele frequencies

are highly variable among different races and ethnic groups

[17]. Furthermore, data on the role of gene variants

involved in vitamin D metabolism in PCOS are inconclu-

sive or inconsistent. Therefore the aim of our study was to

investigate the possible associations of VDR [ Apa-I (in

intron8), and Taq-I (in exon 9)] gene polymorphisms with

susceptibility to PCOS. Also, we aimed to clarify the

impact of these polymorphisms on vitamin D level, hor-

monal and metabolic parameters.

Subjects and methods

Subjects

This case–control study included 300 unrelated women. 150

women with PCOS and 150 healthy control women, who

had regular ovulatory cycles, and they were matched to cases

by age, BMI, ethnic origin (Caucasian), and sun exposure

habits. All patients were recruited from outpatient clinics of

Obstetrics and Gynecology Department of Benha University

Hospitals; and Endocrinology Unit of Internal Medicine

Department of Zagazig University Hospitals in the period

from August 2010 to October 2011. The diagnosis of PCOS

was based on the revised Rotterdam criteria [18]. At least

two of the following three features needed to be present:

oligo-ovulation or anovulation (\6 menstrual periods per

year); (2) clinical and/or biochemical signs of hyperan-

drogenism, including hirsutism (Ferriman-Gallwey score

[8), severe persistent acne, and/or total testosterone level

[0.8 ng/ml); and (3) sonographic evidence of PCOS. None

of the PCOS patients had other cause of oligomenorrhea.

All participants were subjected to thorough medical

history taking and complete clinical assessment including;

blood pressure and anthropometric variables. None of the

patients and the controls had history of hyperandrogenic

states (such as nonclassic congenital adrenal hyperplasia,

androgen secreting tumours, Cushing’s syndrome, or hy-

perprolactinaemia). Also all study participants had no

history of diabetes mellitus, hypertension, liver, kidney,

thyroid diseases, hormonal medications, vitamin D sup-

plementation, or calcium for the last 6 months. Patients and

controls were then stratified according to the degree of

obesity into two groups [lean, BMI\25 kg/m2; and obese,

BMI C25 kg/m2 [19]. The ethical committee of Faculty of

Medicine, Zagazig University approved our study protocol,

and written informed consent assigned by all participants.

Blood sampling

Blood samples were drawn from all subjects during the

early follicular phase of the menstrual cycles after an

overnight fast. We divided blood sample into three por-

tions: 1 ml of whole blood was collected into evacuated

tubes containing EDTA for genomic DNA extraction and

HbA1c. Secondly; 1 ml of whole blood was collected into

evacuated tubes containing fluoride for fasting blood glu-

cose. Sera were separated immediately from the remaining

third portion and stored at -20 �C until analysis.

Biochemical and hormonal assays

We determined fasting blood glucose by the glucose oxi-

dase method (Spinreact, Girona, Spain). Total cholesterol

and triglycerides were assessed by routine enzymatic

methods (Spinreact, Girona, Spain). HDL cholesterol was

determined after precipitation of the apoB-containing

lipoproteins. LDL cholesterol was calculated using the

Friedewald formula [20]. Fasting serum insulin, FSH, LH,

total testosterone, free testosterone, sex hormone-binding

globulin (SHBG) concentrations were measured using
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high-sensitivity enzyme-linked immunosorbent assay kit

provided by (DRG International, IRC, USA). Serum

25(OH) D levels were measured using a high-performance

liquid chromatography (HPLC) according to [21].

Homeostasis model assessments of IR were estimated

including HOMA-IR and HOMA-b; an index of b-cell

function [22]. Insulin sensitivity was calculated by the

quantitative insulin sensitivity check index (QUICKI)

according to the following formula: 1/{log [fasting insulin

(lU/ml)] ? log [fasting glucose (mg/dl)]} [23].

Genomic DNA extraction

Genomic DNA was isolated and purified from whole blood

using QIAamp-spin-columns according to the protocol

provided by the manufacturer (QIAamp Blood Kit; Qiagen

GmbH, Hilden, Germany). DNA was stored at -20 �C till

the time of use.

Analysis of the VDR Taq-I (rs731236) and VDR Apa-I

(rs7975232)

VDR Taq-I and VDR Apa-I polymorphisms were analyzed

by means of PCR restriction fragment length polymor-

phism (RFLP) method according to [24].

VDR Taq-I was amplified by using the sense primer

50-CAGAGCATGGACAGGGAGCAAG-30 and antisense

primer 50-GCAACTCCTCATGGCTGAGGTCTCA-30 and

VDR Apa-I amplification was done using the sense primer

50-CAGAGCATGGACAGGGAGCAAG-30 and antisense

primer 50-GCAACTCCTCATGGCTGAGGTCTCA-30. PCR

was performed in a final volume of 25 lL containing 5.5 lL of

H2O, 5 lL of genomic DNA, 1 lL of each primer (1 lM), and

a 29Super Hot PCR Master Mix (12.5 lL) (Bioron, Ludwig-

shafen am Rhein, Germany). PCR protocol was performed at

94 �C for 5 min, followed by 35 cycles at 93 �C for 45 s, at

66 �C for 30 s, and at 72 �C for 45 s. A final extension step was

carried out at 72 �C for 7 min. The PCR products were digested

overnight at 65 �C with Taq-I restriction enzyme (MBI-Fer-

mentas, United Kingdom) for VDR Taq-I polymorphism. The

digestion of DNA resulted in three fragments of 290, 245 and

205 bp (C allele) in the presence of the polymorphic site and

two fragments of 245 and 495 bp (T allele) in its absence, due

to an additional monomorphic Taq-I site (Fig. 1). While for

VDR Apa-I variants, the final products were digested overnight

at 37 �C with Apa-I restriction enzyme (MBI-Fermentas). The

digestion of DNA in the presence of the restriction sites resulted

in 2 fragments of 210 and 530-bp fragments for (C allele), and

one fragment of 740 bp (A allele) (Fig. 2). Both undigested and

digested PCR products were visualized in 2.5 % agarose

(Serva) stained with ethydium bromide.

Statistical analysis

The results for continuous variables are expressed as the

mean ± SD. The means of the three genotype groups were

compared in a one-way analysis of variance. Genotype

frequencies in cases and controls were tested for Hardy–

Weinberg equilibrium, and any deviation between the

observed and expected frequencies was tested for signifi-

cance using the Chi square (v2) test. The correlation

coefficients were calculated using Spearman correlation.

The statistical significances of differences in the frequen-

cies of variants between the groups were tested using the v2

test. In addition, the odds ratios (ORs) and 95 % confidence

intervals (95 % CIs) were calculated as a measure of the

association of both VDR Taq-I T/C and Apa-I A/C

genotypes with PCOS. Haplotypes were determined based

on Bayesian alogorithm using the Phase program. Linear

regression analysis was performed to test possible associ-

ation between PCOS and other parameters. A difference

was considered significant at P \ 0.05. All data were

evaluated using statistical package for social sciences

(SPSS) for windows version 17.

Results

Clinical and laboratory characteristics of the study

subjects

Clinical and laboratory characteristics of the study subjects

are shown in Table 1. PCOS women had significantly

higher values of hirsuitism score, total cholesterol, tri-

glycerides, LDL cholesterol, fasting blood glucose, fasting

insulin, HOMA-IR, and HOMA-B when compared to

controls. Moreover, PCOS women had higher total and free

testosterone, LH, Dehydroepiandrosterone sulfate (DHEA-

S) and androstenedione levels more than healthy controls.

Women with PCOS had a higher antral follicle count

(AFC) per ovary than controls.

On the contrary, PCOS women had significantly lower

levels of HDL cholesterol, QUICKI, SHBG, FSH, and

25(OH) D when compared to controls. By linear regression

analysis, BMI, hirsuitism score, DHEA-S, SHBG, HOMA

and QUICKI were independent risk factors for PCOS

(P \ 0.001 for each).

Distribution of genotype and allele frequencies of VDR

Taq-I and Apa-I polymorphisms in healthy controls

and PCOS women

Genotype frequencies of the VDR Taq-I and Apa-I poly-

morphisms were in agreement with Hardy–Weinberg
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equilibrium in both groups. There was a significant differ-

ence between PCOS patient group and controls regarding the

genotype and allele distributions of VDR Taq-I polymor-

phism. Prevalence of CC genotype and C allele were sig-

nificantly higher in PCOS women as compared to controls

(P = 0.001,\0.001 respectively). The odds ratio and 95 %

CI for the C allele of Taq-I was 1.9 (1.4–2.6). Concerning

VDR Apa-I, there was no significant difference in genotype

and allele frequencies between PCOS and control women

(P = 0.8, 0.5 respectively) and the odds ratio and 95 % CI

for the C allele of Apa-I was 0.9 (0.7–1.3) (Table 2). By

linear regression analysis, Taq-I was independent risk factor

for PCOS (P \ 0.001) while Apa-I was not (P = 0.73).

Haplotype frequencies of VDR Taq-I and Apa-I

polymorphisms in PCOS and controls

Concerning haplotype analysis, haplotype CC (with all the

variant alleles) was found to be associated with a higher

risk of PCOS patients than controls [the odds ratio and

95 % CI was 1.8 (1.2–2.6) and P = 0.01]. On the other

hand, frequency of haplotype TA was significantly higher

in control group as compared to PCOS patients [the odds

ratio and 95 % CI was 1.7 (1.2–2.3) and P = 0.002]

(Table 3).

Genotype, allele and haplotype frequencies of VDR

Taq-I and Apa-I polymorphisms in PCOS and control

women when stratified into obese and lean subjects

We stratified both PCOS patients and controls according to

their BMI into lean and obese groups. When comparing

between obese and lean women within each group, we

found that significant differences between lean group and

obese women regarding the genotype and allele distribu-

tions of VDR Taq-I in PCOS patients. The C allele was

more frequent in the obese group as compared to lean

group in PCOS patients (54 vs. 22 %, P \ 0.001) while

there was no significant difference between lean and obese

groups of controls regarding genotypes and allele fre-

quencies. These results showed that there was an obesity-

VDR Taq-I genotypes interactions (Table 4).

Table 1 Clinical and

laboratory characteristics of

study subjects

HOMA-IR homeostasis model

assessments of IR, HOMA-b an

index of b-cell function,

QUICKI quantitative insulin

sensitivity check index, DHEA-

S dehydroepiandrosterone

sulphate, AFC antral follicle

count

Parameter PCOS patients Healthy controls P value

(n = 150) (n = 150)

Age (years) 29.8 ± 5.6 29.3 ± 6.2 0. 51

BMI (kg/m2) 30.3 ± 5.4 29.4 ± 5.7 0. 19

Waist/hip ratio 1.4 ± 0.3 1.2 ± 0.2 \0.001

Systolic blood pressure (mmHg) 120 ± 7.9 119.4 ± 6.2 0.46

Diastolic blood pressure (mmHg) 73.2 ± 8.6 74.6 ± 7.7 0.13

Hirsuitism score 11.5 ± 4 1.7 ± 0.8 \0.001

Total cholesterol (mg/dl) 222.9 ± 29.9 203 ± 31.2 \0.001

Triglycerides (mg/dl) 221.7 ± 56.5 183.2 ± 32.9 \0.001

LDL cholesterol (mg/dl) 139.9 ± 29.4 125 ± 30.8 \0.001

HDL cholesterol (mg/dl) 38.6 ± 7 41.4 ± 5.2 \0.001

Fasting blood glucose (mg/dl) 88.7 ± 2.5 89.1 ± 4.4 0.31

Fasting serum insulin (lU/dl) 14.9 ± 6.1 10.6 ± 6 \0.001

HbA1c (%) 5.40 ± 0.25 5.36 ± 0.26 0.13

HOMA-IR 3.3 ± 1.31 2.3 ± 1.36 \0.001

HOMA-B 213 ± 94.8 143.8 ± 74.9 \0.001

QUICKI 0.32 ± 2 9 10-2 0.34 ± 2.5 9 10-2 \0.001

Total testosterone (ng/ml) 0.9 ± 0.4 0.5 ± 0.13 \0.001

Free testosterone (pg/ml) 3.6 ± 2 1.5 ± 0.36 \0.001

FSH (mIU/ml) 8.15 ± 0.4 8.8 ± 0.4 \0.001

LH (mIU/ml) 11.5 ± 2.8 9.9 ± 1.4 \0.001

LH/FSH 1.4 ± 0.38 1.1 ± 0.18 \0.001

SHBG (nmol/l) 27.1 ± 11.4 49.5 ± 15.5 \0.001

DHEA-S (lg/ml) 1.6 ± 0.5 0.9 ± 0.19 \0.001

Androstenedione (ng/ml) 4.8 ± 2.2 3.3 ± 1.5 \0.001

25(OH)D (ng/ml) 24 ± 5.2 27.2 ± 4.7 \0.001

AFC 17 ± 3.5 9 ± 2.7 \0.001
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On the other hand, there were no significant differences

in allele or genotype frequencies between lean and obese

for VDR Apa Apa Apa-I polymorphism (Table 4). Inter-

estingly, when we compared between the obese women in

both groups; PCOS patients and controls, we found sig-

nificant differences in allele and genotype frequencies of

VDR Taq-I (P \ 0.001 for each). The same results were

found concerning the lean women in both groups

(P \ 0.001 for each).

When we studied haplotypes frequencies between obese

and lean subjects as a whole, we found no significant dif-

ferences of the haplotypes frequencies between both groups

(Table 5). Again when we compared between the haplo-

type frequencies between obese and lean patients in PCOS

group or in control group, we found no statistically sig-

nificant difference between them (data not shown).

Impact of VDR Taq-I and Apa-I gene polymorphisms

and haplotypes on clinical, biochemical, and hormonal

characteristics of the groups studied

The characteristics of the PCOS patients according to the

VDR Taq-I and Apa-I genotypes are shown in Table 6.

Individuals carrying CC and TC genotypes of the VDR

Taq-I had significantly higher BMI, AFC, fasting insulin,

HOMA-IR, HOMA-B, total testosterone, free testosterone,

DHEA-S and androstenedione levels and significantly

lower levels of 25(OH)D and QUICKI than women

homozygous for T alleles. However, there was no associ-

ation of Apa-I polymorphism with the metabolic param-

eters or the 25(OH) D levels. The same results have been

shown when studying the relation between VDR Taq-I or

Apa-I genotypes and hormonal, clinical and morphological

states in controls (data not shown). When studying these

parameters among different Taq-I Apa-I haplotypes, we

found that there was a significant decrease of 25(OH) D

levels (P \ 0.001) and significant increase of total testos-

terone, free testosterone, DHEA-S and androstenedione

levels (P = 0.006, 0.001, 0.02 and\0.001 respectively) in

carriers of Taq-I C/ Apa-I C compared to the non carriers.

Surprisingly, we found no effect of Taq-I and Apa-I

genotypes and haplotypes on the clinical parameters,

25(OH) D levels or PCOS morphology when stratifying

PCOS or control groups into obese and lean.

Correlation of vitamin D with other parameters

in PCOS and control groups

Correlation between 25(OH) D levels and other parameters

in PCOS and control groups is shown in Table 7. 25

hydroxy vitamin D levels were negatively correlated with

BMI, hirsuitism score, total cholesterol, triglycerides, LDL

cholesterol, fasting blood glucose, total testosterone, free

testosterone, LH, DHEA-S, androstenedione and AFC. On

the contrary, 25(OH) D levels were positively correlated

with HDL cholesterol, FSH and SHBG.

When we stratified the participants in this study into

obese and lean, we found that 25(OH) D levels were

negatively correlated with BMI, AFC, total cholesterol,

triglycerides and LDL cholesterol in both groups.

Discussion

To the best of our knowledge, this is the first study to

investigate the association of VDR gene polymorphisms,

VDR haplotypes, and vitamin D level with susceptibility to

PCOS among Egyptian women. PCOS is one of the most

common etiologies of infertility and menstrual irregularity

in women [25]. Also, vitamin D has an important proven

Table 2 Distribution of genotype and allele frequencies of VDR

Taq-I and Apa-I polymorphisms in healthy controls and PCOS

patients

Polymorphic site PCOS

patients

Healthy

controls

P*

n (%) n (%)

Taq-I genotypes

TT 40 (26.7) 69 (46) 0.001

TC 74 (49.3) 61 (40.7)

CC 36 (24) 20 (13.3)

Alleles

T allele 154 (51.4) 199 (66.4) P \ 0.001

C Allele 146 (48.6) 101 (33.6)

Apa-I genotypes

AA 63 (42) 68 (45.4) 0.8

AC 65 (43.4) 64 (42.6)

CC 22 (14.6) 18 (12)

Alleles

A Allele 191 (63.7) 200 (66.6) 0.5

C Allele 109 (36.3) 100 (33.4)

* As compared to healthy control group

Table 3 Haplotype frequencies of VDR Taq-I and Apa-I polymor-

phisms in PCOS patients and healthy controls

Haplotype PCOS

patients

Healthy

controls

OR (95 % CI) P*

Taq-I -I Apa-I n (%) n (%)

T A 107 (35.7) 144 (48) 1.7 (1.2–2.3) 0.002

T C 66 (22) 60 (20) 1.1 (0.8–1.7) 0.6

C A 57 (19) 51(17) 1.2 (0.8–1.8) 0.5

C C 70 (23.3) 45 (15) 1.8 (1.2–2.6) 0.01

* Significant difference from healthy control group
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role in reproduction [26]. However, the exact patho-phys-

iology of PCOS is complex and remains largely unclear.

In the present study, we have found a decrease of serum

25(OH) D levels in PCOS women compared with healthy

controls. These results confirmed the results of previous

studies of [4, 27, 28]. However, Panidis et al. [29] found no

significant difference of serum 25(OH) D concentrations

between women with PCOS and controls. Interestingly,

Thys-Jacobs et al. [30] found that administration of high

doses of vitamin D led to the attenuation of hyperandrog-

enism and menstrual disturbances in women with PCOS.

Moreover, Yildizhan et al. [31] added that low concentra-

tions of 25(OH) D should be kept in mind during managing

obese women with PCOS.

In our Egyptian control sample, the minor allele fre-

quency (MAF) for VDR Taq-I was 33.6 % and for Apa-I was

33.4 %. They were similar to that reported in Caucasians

(MAF [ 10 % for each polymorphism) [32]. In the current

study, the prevalence of CC genotypes and C alleles of VDR

Taq-I polymorphism were significantly higher in PCOS

patients compared to controls. Also, we found that Taq-I

polymorphism was independent risk factor for PCOS. These

results are in agreement with [24] who suggested that VDR

TaqI ‘‘CC’’ genotype is involved in pathogenesis of PCOS

through its effects on LH levels. However, the same authors

could not identify the molecular mechanism through which

this polymorphism influences LH levels. Furthermore, it has

been suggested a modulating role of 1, 25(OH)2 D in the

control of FSH secretion [33]. On the contrary, Mahmoudi

[3] and Wehr et al. [28] reported a non significant association

between VDR TaqI polymorphism and PCOS among Aus-

trian and Iranian women, respectively.

On the other hand, there were no significant differences

in VDR Apa-I genotypes and allele frequencies between

PCOS and healthy women, and it was not independent risk

factor for PCOS. These results are in agreement with other

studies found no significant association between the VDR

Apa-I genotypes and PCOS susceptibility [34, 35]. On the

contrary, a study by Mahmoudi demonstrated that the VDR

Apa-I AC genotype (Aa in his study) was a marker of

decreased PCOS susceptibility, whereas the CC (aa in his

study) was associated with an increased risk for PCOS [3].

Because obesity is a common feature of PCOS that

worsens its phenotype, we also analyzed whether the VDR

polymorphisms were associated with obese PCOS women.

Our results revealed that more than half of the PCOS

patients were obese (73.3 %). These findings confirmed the

Table 4 Genotypes and alleles frequencies of VDR Taq-I and Apa-I polymorphisms in PCOS patients and healthy controls when stratified into

obese and lean

Polymorphic site PCOS patients (n = 150) Healthy controls (n = 150)

Lean Obese P Lean Obese P

(n = 25) (n = 125) (n = 40) (n = 110)

n (%) n (%) n (%) n (%)

Taq-I genotypes

TT 17 (68) 23 (18.4) \0.001 14 (35) 55 (50) 0.17

TC 5 (20) 69 (55.2) 18 (45) 43 (39.1)

CC 3 (12) 33 (26.4) 8 (2) 12 (10.9)

Alleles

T Allele 39 (78) 115 (46) \0.001 46 (57.5) 153 (69.5) 0.07

C Allele 11 (22) 135 (54) 34 (42.5) 67 (30.5)

Apa-I genotypes

AA 11 (44) 52 (41.6) 0.07 20 (50) 48 (43.7) 0.08

AC 7 (28) 58 (46.4) 12 (30) 52 (47.3)

CC 7 (28) 15 (12) 8 (20) 10 (9)

Alleles

A Allele 29 (58) 162 (64.8) 0.45 52 (65) 148 (67.3) 0.82

C Allele 21 (42) 88 (35.2) 28 (35) 72 (32.7)

Table 5 Haplotype frequencies of VDR Taq-I and Apa-I polymor-

phisms in obese and lean subjects

Obese

subjects

Lean

subjects

OR

(95 % CI)

P

n (%) n (%)

Taq-I Apa-I

T A 255 (54.3) 60 (46.2) 0.7 (0.49–1.1) 0.1

T C 100 (21.3) 31 (23.8) 1.16 (0.7–1.8) 0.6

C A 79 (16.8) 23 (17.7) 1.06 (0.6–1.8) 0.9

C C 36 (7.6) 16 (12.3) 1.69 (0.9–1.4) 0.1
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results of previous studies of [4] and [36]. Moreover, in

obese women the reproductive phenotype of PCOS can be

reversed by weight loss [37].

We have also found a significant differences between

VDR Taq-I genotypes and allele frequencies between lean

and obese groups in PCOS women, but not VDR Apa-I

polymorphism. Our results were compatible with those

reported by Ye et al. [38] who found that VDR Taq-I

polmorphisms are associated with susceptibility to obesity

in subjects with early-onset type 2 diabetes mellitus. The

pathophysiological mechanisms of these associations

remain unexplained. A direct effect of vitamin D on adi-

pocyte differentiation and metabolism is a possible mech-

anism, as VDR is expressed in preadipocytes [39].

Moreover, it has been shown that vitamin D inhibits the

differentiation of preadipocytes in vitro [40], and stimu-

lates the terminal differentiation of adipocytes as well as

the synthesis and secretion of lipoprotein lipase [41, 42].

Our study demonstrated that there were associations of

VDR Taq-I TC and CC genotypes with anthropometric,

endocrine, or metabolic disturbances in PCOS. Moreover,

women carrying TC and CC genotypes had significantly

lower levels of 25(OH) D than women homozygous for T

alleles. The association between VDR Taq-I polymorphism

and the low 25(OH) D levels may be explained by that

signaling through VDR may regulate vitamin D levels but

future functional analysis of VDR action may be needed.

These results are in agreement with Mahmoudi [3] who

found a significant decrease of serum levels of 25(OH) D in

women with PCOS carrying the TC and CC genotypes (Tt

and tt in his work) compared with those carrying the TT

genotypes. On contrast, another study found no significant

association of VDR Taq-I polymorphisms with anthropo-

metric, endocrine, or metabolic parameters of PCOS [35].

On other hand, we reported a non significant association

of Apa-I polymorphism with metabolic parameters or

25(OH) D levels. This agreed with the results obtained

by Mahmoudi [3] who reported a non significant association

of Apa-I AC genotype (Aa in his work) with PCOS status.

This disagrees with the results found an association of VDR

Apa-I genotypes with androgen levels [35]. However, the

same authors did not observe an association of Apa-I poly-

morphism with metabolic parameters or 25(OH) D levels

[35].

Our novel findings concerning haplotype analysis; the

frequency of haplotype Taq-I C/ Apa-I C was significantly

increased in PCOS women compared to that in the controls.

This haplotype was associated with nearly 1.8 fold increase

in the risk of PCOS syndrome. On the other hand, the

haplotype Taq-I T/ Apa-I A was more prevalent in control

and was found to be associated with a low risk of PCOS.

Yet when we compared between the haplotype frequencies

between obese and lean patients in PCOS group or in

control group, we found no significant difference between

them. Another important finding that there was a significant

decrease of 25(OH) D levels in carriers of haplotype Taq-I

C/ Apa-I C (with mutant alleles) compared to the non

carriers. This disagreed with Santos et al. [43] who found

the association of the haplotype containing the wild alleles

of Taq-I, Apa-I and Bsm-I with lower vitamin D levels in

Brazilian girls. These differences may be attributed to that

the haplotype analysis was performed in two different

ethnic groups.

Our results revealed that 25(OH) D levels were nega-

tively correlated BMI, fasting insulin, HOMA-IR, HOMA-

B, and QUICKI in PCOS patients. Our findings were

consistent with many reports found that increased body

weight had a significant negative correlation on 25(OH) D

levels in PCOS patients [4, 28, 35, 33].

The exact mechanisms underlying the association of

vitamin D and IR are not fully understood. First, vitamin D

may have a beneficial effect on insulin action by stimu-

lating the expression of insulin receptor and thereby

Table 7 Correlation of 25-hydroxyvitamin D level (ng/ml) with

other parameters in each studied group

Characteristics PCOS patients Healthy controls

(n = 150) (n = 150)

r P r P

Age (years) -0.320 \0.001 -0.213 0.009

BMI -0.602 \0.001 -0.502 \0.001

Waist/hip ratio -0.403 \0.001 -0.526 \0.001

Systolic blood pressure -0.673 \0.001 -0.695 \0.001

Diastolic blood pressure -0.692 \0.001 -0.443 \0.001

Hirsuitism score -0.470 \0.001 -0.443 \0.001

Total cholesterol -0.423 \0.001 -0.710 \0.001

Triglycerides -0.242 0.003 -0.309 \0.001

LDL cholesterol -0.459 \0.001 -0.773 \0.001

HDL cholesterol 0.513 \0.001 0.712 \0.001

Fasting blood glucose -0.220 0.007 -0.496 \0.001

Fasting serum insulin -0.135 0.1 -0.137 0.2

HbA1c (%) -0.099 0.22 -0.142 0.084

HOMA-IR -0.116 0.15 -0.127 0.18

HOMA-B 0.063 0.44 -0.083 0.13

QUICKI 0.156 0.05 0.723 \0.001

Total testosterone -0.228 0.005 -0.288 \0.001

Free testosterone -0.291 \0.001 -0.625 \0.001

FSH 0.367 \0.001 0.340 \0.001

LH -0.532 \0.001 -0.285 \0.001

LH/FSH -0.548 \0.001 -0.339 \0.001

SHBG 0.419 \0.001 -0.567 \0.001

DHEA-S -0.280 0.001 -0.213 0.004

Androstenedione -0.522 \0.001 -0.412 \0.001

AFC -0.534 \0.001 -0.157 0.007
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enhancing insulin responsiveness for glucose transport

[13]. The vitamin D-responsive element is present in the

promoter of the human insulin gene [16] and the tran-

scription of the human insulin gene is activated by 1,

25(OH) D2 [41]. Secondly, vitamin D regulates

extracellular and intracellular calcium that is essential for

insulin-mediated intracellular processes in insulin-respon-

sive tissues such as skeletal muscle and adipose tissue [13].

Finally, as vitamin D has a modulating effect on the

immune system [44], hypovitaminosis D might induce a

MFig. 1 VDR Taq-I genotypes of

PCOS patients on 2.5 % agarose

gel. M 100 bp marker, lane 1

Taq-I TT genotype, lanes 2, 6,

11, 12 Taq-I TC genotype, lanes

3, 7, 9, 10 Taq-I CC genotype,

lanes 4, 5, 8

MFig. 2 VDR ApaI genotypes of

PCOS patients on 2.5 % agarose

gel. M 100 bp marker, lane 1

ApaI AA genotype, lanes 2, 6,

8, 10, 12 ApaI AC genotype,

lanes 4, 7, 9, 11 ApaI CC

genotype, lanes 3, 5
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higher inflammatory response, which is again associated

with IR [45].

Our results reported that 25(OH) D levels were nega-

tively correlated with total cholesterol, triglycerides, LDL

cholesterol, while it is positively correlated with HDL

cholesterol. This agreed with the results obtained by Hahn

et al. [4], Li et al. [27] and Wehr et al. [28].

Of particular interest is the observation that 25(OH) D

concentrations were correlated negatively with hirsutism

score, which is in line with previous study by Ranjzad et al.

[24]. This association might be caused by various mecha-

nisms. First, the cosmetic distress may cause hypovita-

minosis D due to the decreased sun exposure of hirsute

women. Secondly, the VDR is found in keratinocytes of the

outer root sheath as well as in cells of the bulge, indicating

an important role of vitamin D in hair follicle cycling [46].

However, the mechanism by which the VDR regulates hair

follicle cycling and its potential role in hirsutism remains

unclear.

Although our small sample size, this study was well

designed and focused on the role of VDR gene variants,

VDR haplotypes, and vitamin D levels on metabolic and

biochemical parameters of PCOS. Consequently, further

researches including larger sample numbers and analyzing

the whole VDR gene are necessary to clarify the role of

these polymorphisms in PCOS, and its effects on disease

phenotypes. Moreover, studies evaluating the impact of

vitamin D supplementation on obesity and PCOS are

needed.

In conclusion, the present study provided evidence

showing the important role of VDR Taq-I gene polymor-

phisms in the development and phenotypes of PCOS

among lean and obese patients. Furthermore, our data

demonstrated, for the first time, that VDR haplotype Taq-I

C/ Apa-I C was found to be associated with a higher risk of

PCOS. Genotyping of VDR gene may be useful in early

detection of obese PCOS women.
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