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polymorphisms in women with polycystic
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Abstract

Background: Polycystic ovary syndrome (PCOS) is the most common endocrinopathy in women of reproductive
age, characterized by hyperandrogenism, oligomenorrhea, polycystic ovary morphology, and insulin resistance.
Vitamin D deficiency and vitamin D receptor (VDR)/vitamin D binding protein (VDBP) gene variants could play an
important role in susceptibility to PCOS and contribute to metabolic disturbances and menstrual dysfunction. We
aimed to investigate the associations of VDR gene and VDBP gene polymorphisms with PCOS susceptibility and to
elucidate the impacts of these polymorphisms on the hormonal and metabolic parameters of PCOS.

Methods: We recruited 432 women with PCOS and 927 controls. Polymorphisms in the VDR gene (VDR Fok-I, Cdx2,
Apa-I, and Bsm-I) and VDBP gene (VDBP rs4588, rs7041, and rs22822679) were genotyped. A 75-g oral glucose
tolerance test was performed.

Results: The distributions of genotypes and allele frequencies in VDR and VDBP genes did not differ between PCOS
and control. In women with PCOS, compared to the VDR Fok-I GG genotype, the VDR Fok-I AG genotype was
significantly associated with increased levels of total testosterone (β = 5.537, P = 0.005). Compared to the VDR Cdx2
AC genotype, the VDR Cdx2 CC genotype was associated with increased levels of fasting insulin and HOMA-IR in
women with PCOS, however, the associations were not statistically significant.

Conclusions: This finding indicates that genetic variations in VDR and VDBP were not associated with increased risk
for PCOS. In contrast, the VDR Fok-I polymorphism was associated with testosterone level and the Cdx2
polymorphism with insulin sensitivity in PCOS. However, the Cdx2 polymorphism was not significantly associated
with increased insulin and insulin sensitivity in women with PCOS after multiple linear regression.

Keywords: Vitamin D receptor, Vitamin D binding protein, Polycystic ovary syndrome, Hyperandrogenism, Insulin
resistance

Background
Polycystic ovary syndrome (PCOS) is the most common
endocrinopathy in women of reproductive age, characterized
by three fundamental criteria: clinical and/or biochemical
hyperandrogenism, oligo/amenorrhea, and polycystic ovary
morphology, among which women suspected for PCOS
need to present two out of these three criteria for the
diagnosis of PCOS, and also insulin resistance (IR) and com-
pensatory hyperinsulinemia [1]. Although several genetic
and environmental factors are known to contribute to the

development of PCOS, the pathogenesis of PCOS is not
clear [2]. Previous studies have suggested that low levels of
vitamin D are associated with features of metabolic syn-
drome and IR in women with PCOS [3–5]. Indeed, causality
relationship between vitamin D and metabolic effects has
not been established, and longitudinal studies to evaluate
the metabolic effects of vitamin D increase in vitamin D de-
ficient PCOS women are yet to be conducted. Serum vita-
min D levels were also associated with obesity in women
with PCOS, as serum vitamin D levels were significantly
lower in obese women with PCOS than in nonobese women
with PCOS [6]. Capacity of fat storages of vitamin D may be
a potential reason for these associations.

© The Author(s). 2019 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to
the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver
(http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.

* Correspondence: dksong@ewha.ac.kr
Department of Internal Medicine, Ewha Womans University School of
Medicine, 25 Magokdong-ro 2-gil, Gangseo-gu, Seoul 07804, South Korea

Song et al. BMC Endocrine Disorders          (2019) 19:145 
https://doi.org/10.1186/s12902-019-0477-x

http://crossmark.crossref.org/dialog/?doi=10.1186/s12902-019-0477-x&domain=pdf
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
mailto:dksong@ewha.ac.kr


Vitamin D binds to vitamin D receptor (VDR), leading
to the transcription of vitamin D-related genes [7]. VDR
polymorphisms are known to be associated with meta-
bolic and endocrine parameters of PCOS, including IR
and hyperandrogenism [8, 9]. Previous studies have sug-
gested that VDR gene variants were also associated with
susceptibility to PCOS [10–12] and the severity of the
PCOS phenotype [13]. However, the role of VDR gene
variants in the development of PCOS is inconsistent,
and the results vary between populations [14], because
the VDR gene is polymorphic, and genotype/allele fre-
quencies are variable among different races [15].
The vitamin D binding protein (VDBP) also plays a

key role in vitamin D metabolism and is the major pro-
tein involved in vitamin D transport [16]. Recently,
VDBP gene polymorphisms were associated with vitamin
D status in Indian women with PCOS [17]. Moreover, a
previous study demonstrated that VDBP gene variants
were associated with metabolic syndrome in women
with PCOS [18]. However, few studies have examined
the associations of the VDBP gene variants with PCOS
susceptibility and PCOS phenotypes. Furthermore, no
study of the association of VDR gene variants and their
role in susceptibility to PCOS has yet been conducted in
Korea. The aim of the present study was to investigate
the associations of the VDR gene and VDBP gene poly-
morphisms with PCOS susceptibility and to elucidate
the impact of these polymorphisms on the hormonal
and metabolic parameters of PCOS in Korea.

Methods
Subjects
The present study was conducted using data from the
“Biospecimen collection from women with PCOS and
control of infertility study” project of the Endocrinology
Clinics at Ewha Womans University Hospital to evaluate
the menstrual health of Korean women under 40 years of
age as we previously reported [19]. Volunteers were re-
cruited by newspaper and online advertisements between
December 2008 and October 2010. A trained nurse con-
tacted the candidates by telephone to determine whether
they were both able and willing to participate in the study.
The volunteers had visited our hospital on the morning of
the third day of their menstrual period following an over-
night fast of at least 8 h. If the participants had amenor-
rhea, the blood samples were obtained on a random day.
Finally, 432 women with PCOS (24 ± 5 yrs) and 927 non-
PCOS control women with regular menstrual cycles (27 ±
5 yrs) were recruited.
The diagnosis of PCOS was based on the National In-

stitutes of Health criteria as follows: (1) amenorrhea or
oligomenorrhea (fewer than 10 menstrual cycles per
year) and (2) clinical or biochemical hyperandrogenism
[20]. Clinical hyperandrogenism was defined as the

presence of hirsutism with a modified Ferriman-Gallwey
score ≥ 3 [21]. Biochemical hyperandrogenemia was de-
fined as a total testosterone level or free testosterone level
above the 95th percentile (total testosterone > 67 ng/dl or
free testosterone > 0.84 ng/dl) based on the testosterone
levels in healthy women with regular menses [21]. Partici-
pants with similar clinical presentations, such as those
with congenital adrenal hyperplasia, androgen-secreting
tumors, and Cushing’s syndrome, were excluded. Control
subjects did not have ovulatory dysfunction or hyperan-
drogenism. If subjects had taken medication (e.g., steroids,
oral contraceptives, metformin, or thiazide diuretics)
within the past 3months, they were excluded [22]. Writ-
ten informed consent was obtained from all the partici-
pants when they visited the hospital, and the institutional
review board of Ewha Womans University Mokdong Hos-
pital approved this study.

Measurements
We measured the height and weight of all subjects, and
body mass index (BMI) was calculated as weight (kg)/
height (m)2. We measured waist circumference in a
standing position at the point midway between the lower
costal margin and the iliac crest. Blood pressure was cal-
culated as the mean of two manual sphygmomanometer
readings with the participant in the seated position.
We measured total testosterone levels via the chemilu-

minescent immunoassay method using a commercially
available kit (Siemens, NY, USA; the mean inter- and
intraassay CVs were 4.4 and 6.2%, respectively) which
was highly imprecise compared to tandem mass spec-
trometry. Sex hormone-binding globulin (SHBG) levels
were measured by immunoradiometric assay using a
commercially available kit (DPC, Los Angeles, CA, USA;
the mean inter- and intraassay CVs were 7.9 and 5.3%,
respectively). We calculated free testosterone levels using
the formula available on the International Society for
Study of the Aging Male website, which is based on the
total testosterone, SHBG, and albumin levels in single
samples from each subject [23]. The free androgen index
was calculated as testosterone (in nanomoles per liter)/
SHBG (in nanomoles per liter) × 100.
We performed the 75-g oral glucose tolerance test

(OGTT) in the morning after an overnight fast. Venous
blood samples were drawn at baseline and 120min after
the administration of the 75-g glucose load. Plasma glu-
cose levels were measured via the glucose oxidase method
(Beckman Model Glucose Analyzer 2, CA, USA), and in-
sulin levels were measured by radioimmunoassay using a
commercially available kit (BioSource, Nivelles, Belgium).
The homeostasis model assessment of insulin resistance
(HOMA-IR) was calculated as the product of the fasting
insulin level (mIU/L) and the fasting glucose level (mmol/
L) divided by 22.5 [24].
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We genotyped the VDR gene (VDR Fok-I (rs10735810),
Cdx2 (rs10875695), Apa-I (rs7967152), and Bsm-I
(rs1544410)), and VDBP gene (VDBP rs4588, rs7041, and
rs22822679) polymorphisms using a Human Omni1-
Quad v1 array. We performed the manual genomic DNA
extraction from the stored blood. The success rates for
genotyping exceeded 98%, and there was no deviation
from Hardy-Weinberg equilibrium (P > 0.05).

Statistical analyses
The statistical analyses were performed using the SPSS
23.0 software package (IBM Corporation, Chicago, IL,
USA) for Windows. The Kolmogorov-Smirnov statistic
was used to analyze the continuous variables for normal-
ity. The levels of fasting insulin, postload 2-h insulin,
and HOMA-IR which showed a skewed deviation were
logarithmically transformed to achieve a normal distri-
bution. Quantitative variables were provided as the
means ± the standard deviations and variables that
showed a skewed deviation were provided with medians
and interquartile ranges. The between-group differ-
ences were assessed using the Student unpaired t-tests
and χ2 test, as appropriate. We performed analysis of
variance followed by a Bonferroni test for post hoc ana-
lysis to evaluate the differences in the metabolic and
endocrine parameters between the subjects with differ-
ent VDR gene variants. Age and BMI were adjusted for
analysis of covariance. The associations of total testos-
terone, fasting insulin, and HOMA-IR with VDR gene
polymorphisms in women with PCOS were analyzed
with multiple linear regression analyses that was
adjusted for age and BMI. P values < 0.05 were con-
sidered significant.

Results
Table 1 represents the clinical and biochemical character-
istics of the subjects. The women with PCOS were youn-
ger than the controls (P < 0.05). Body weight, waist
circumference, systolic blood pressure, and diastolic blood
pressure were higher in the women with PCOS than in
the controls (all Ps < 0.05). The women with PCOS had
higher levels of total testosterone, free testosterone, free
androgen index, fasting glucose, postload 2-h glucose, fast-
ing insulin, postload 2-h insulin, and HOMA-IR than did
the controls (all Ps < 0.05). The levels of SHBG and insulin
sensitivity indices were lower in the women with PCOS
than in the controls (all Ps < 0.05). Hyperandrogenic states
and aspects of metabolic syndrome are both commonly
associated with lower SHBG levels, which may help ex-
plain lower SHBG in PCOS.
Tables 2 and 3 show the distributions of genotypes of the

VDR and VDBP gene polymorphisms in the women with
PCOS and the controls. The distribution of genotypes and
allele frequencies of the VDR gene (Fok-I (rs10735810),
VDR Cdx2 (rs10875695), Apa-I (rs7967152), and Bsm-I
(rs1544410)) and VDBP gene (VDBP rs4588, rs7041, and
rs22822679) were clearly similar between the women with
PCOS and the controls.
The associations of genotypes of VDR gene polymor-

phisms with the hormonal/metabolic parameters of PCOS
are shown in Tables 4 and 5. Table 4 shows adjusted means
of total testosterone, fasting insulin, and HOMA-IR accord-
ing to the groups and genotypes of VDR gene polymor-
phisms after adjustment for age and BMI. The association
of VDR Fok-I genotypes and total testosterone was different
between women with PCOS and controls after adjustment
for age and BMI (P-value for interaction = 0.043). In

Table 1 Clinical and biochemical characteristics of the subjects

PCOS (n = 432) Control (n = 927) P-value

Age (years) 24 ± 5 27 ± 5 < 0.001

Body mass index (kg/m2) 24.0 ± 4.7 21.1 ± 2.6 < 0.001

Waist circumference (cm) 79 ± 11 73 ± 7 < 0.001

Systolic blood pressure (mmHg) 111 ± 10 107 ± 9 < 0.001

Diastolic blood pressure (mmHg) 72 ± 9 69 ± 8 < 0.001

Sex hormone-binding protein (nmol/l) 45.8 ± 22.8 108.5 ± 62.2 < 0.001

Total testosterone (ng/dl) 76.7 ± 18.6 45.9 ± 15.4 < 0.001

Free testosterone (ng/dl) 1.20 ± 0.43 0.40 ± 0.20 < 0.001

Free androgen index 7.5 ± 4.9 1.9 ± 1.2 < 0.001

Fasting glucose (mg/dL) 87 ± 16 85 ± 7 0.006

Postload 2-h glucose (mg/dL) 112 ± 40 96 ± 19 < 0.001

Fasting insulin (mIU/L) 8.8 (6.3, 12.8) 3.1 (0.4, 6.7) < 0.001

Postload 2-h insulin (mIU/L) 50.0 (29.9, 88.2) 20.5 (12.1, 35.7) < 0.001

HOMA-IR 1.83 (1.30, 2.75) 0.63 (0.08, 1.44) < 0.001

Values are presented as mean ± SD or median (interquartile range)
PCOS polycystic ovary syndrome, HOMA-IR homeostasis model assessment of insulin resistance
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women with PCOS, compared to the VDR Fok-I GG geno-
type, the VDR Fok-I AG genotype was significantly associ-
ated with increased levels of total testosterone after
adjustment for age and BMI in multiple linear regression
analyses (β = 5.537, P = 0.005, Table 5).
The associations of VDR Cdx2 genotypes and fasting

insulin or HOMA-IR were different between women
with PCOS and controls (P-value for interaction = 0.011
and 0.009, respectively, Table 4). Compared to the VDR
Cdx2 AC genotype, the VDR Cdx2 CC genotype was
associated with increased levels of fasting insulin and

HOMA-IR in women with PCOS, however, the associa-
tions were not statistically significant in multiple linear
regression analyses (P = 0.081 and 0.085, respectively,
Table 5). The AA polymorphism in controls was associ-
ated with higher fasting insulin and HOMA-IR, whereas
this specific genotype was not correlated with the same
differences in PCOS. It means that the higher insulin
and HOMA-IR associated with the AA polymorphism in
controls was not found under the presence of PCOS.

Discussion
These findings indicate that genetic variations in VDR
and VDBP are not associated with increased risk for
PCOS in our group. In contrast, the VDR Fok-I poly-
morphism was associated with testosterone levels, and
the Cdx2 polymorphism was associated with insulin sen-
sitivity in women with PCOS.
Vitamin D is known to play important roles in the

metabolic and endocrine pathways associated with
PCOS, such as the insulin signaling pathway [25] and
sex hormone production [26]. Several studies have dem-
onstrated that vitamin D deficiency may be correlated
with IR, at least in PCOS [3, 27]. Furthermore, vitamin
D supplementation has been reported to exert a favor-
able effect on glucose metabolism in women with PCOS
[28]. The exact mechanism involved in the relationship
between vitamin D and IR is not clear. Vitamin D is
known to affect the expression of the insulin receptor
[29] and maintain calcium homeostasis, which is import-
ant for insulin secretion by β-cells [30]. Additionally,
vitamin D has been suggested to have an effect on the
immune system, which is associated with IR [31].
The vitamin D hormone 1,25 dihydroxyvitamin D

exerts its functions through binding to the VDR. VDR is
a DNA-binding transcription factor and is widely
expressed throughout the tissues. When vitamin D binds
to VDR, the transcription of vitamin D-regulated genes
is initiated. VDR regulates vitamin D levels and calcium
metabolism [32]. Additionally, the VDR gene was re-
ported to be associated with IR and insulin secretory
capacity [15, 33]. Furthermore, the VDR gene is known
to be involved in estrogen biosynthesis and regulation of
aromatase gene expression, leading to effects on ovarian
function [26]. IR and ovarian hyperandrogenism are key
features of PCOS, and thus, VDR gene variants could
affect the susceptibility or the phenotype of PCOS.
However, VDR gene variants were not associated with

increased risk for PCOS in our group. Gene variants are
unlikely to influence the occurrence of PCOS, as variants
distributions were similar between PCOS and non-
PCOS women. In agreement with the results of our
study, the differences in genotypic/allelic frequencies of
VDR Fok-I and Bsm-I were not significant between 46
women with PCOS and 46 controls in Iran [34]. In

Table 2 Distribution of genotype frequencies of vitamin D
receptor polymorphisms

PCOS, n (%) Control, n (%) P-value

rs10735810

GG 153 (35) 333 (36) 0.675

AG 212 (49) 435 (47)

AA 67 (16) 159 (17)

rs10875695

AC 202 (47) 447 (48) 0.706

CC 160 (37) 322 (35)

AA 70 (16) 158 (17)

rs7967152

CC 28 (6) 46 (5) 0.484

AA 240 (56) 514 (55)

CA 164 (38) 367 (40)

re1544410

GG 386 (89) 826 (89) 0.315

AG 40 (10) 94 (10)

AA 4 (1) 3 (1)

PCOS polycystic ovary syndrome

Table 3 Distribution of genotype frequencies of vitamin D
binding protein polymorphisms

PCOS, n (%) Control, n (%) P-value

rs4588

CC 217 (50) 465 (50) 0.945

AC 180 (42) 385 (42)

AA 33 (8) 76 (8)

rs7041

CA 170 (40) 368 (40) 0.992

AA 234 (54) 499 (54)

CC 28 (6) 60 (6)

rs22822679

AA 216 (50) 458 (50) 0.953

CA 179 (41) 392 (42)

CC 37 (9) 77 (8)

PCOS polycystic ovary syndrome
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addition, there was no significant difference in geno-
type and allele frequencies between 181 Iranian
women with PCOS and 181 controls with respect to
VDR gene polymorphism rs757343 [35]. The CC
genotype and C allele of the VDR Taq-I gene poly-
morphism were significantly more common in 150
Egyptian women with PCOS than in 150 controls
[12]. In another study conducted in Iran involving

260 women with PCOS and 221 controls, the distri-
bution of genotypes and alleles of VDR gene variants
did not differ between women with PCOS and
controls; however, the “A” allele of the rs757343
VDR gene polymorphism was associated with an in-
creased risk of severe PCOS phenotype development
[13]. Different sample sizes, differences in dietary in-
take including that of calcium and vitamin D, and

Table 4 Total testosterone, fasting insulin, and homeostasis model assessment of insulin resistance according to the groups and the
genotypes of vitamin D receptor gene polymorphisms

Variables Groups VDR polymorphisms Genotypes Adjusted mean 95% CI P for group P for genotype P for interaction

TT Control rs10735810 GG 45.88 44.09~47.67 < 0.001 0.024 0.043

AG 46.07 44.51~47.64

AA 45.64 43.07~48.22

PCOS GG 73.67 71.01~76.32

AG 79.11 76.80~81.42

AA 75.51 71.51~79.51

Fasting insulina Control rs10875695 AC 1.41 1.04~1.91 < 0.001 0.087 0.011

CC 1.06 0.74~1.51

AA 3.12 1.77~5.50

PCOS AC 5.74 4.46~7.39

CC 7.33 5.51~9.76

AA 6.07 3.91~9.41

HOMA-IRa Control rs10875695 AC 0.30 0.22~0.41 < 0.001 0.100 0.009

CC 0.22 0.16~0.32

AA 0.66 0.38~1.18

PCOS AC 1.22 0.95~1.57

CC 1.55 1.17~2.07

AA 1.25 0.81~1.95

Adjusted for age and body mass index
VDR vitamin D receptor, CI confidence interval, TT total testosterone, PCOS polycystic ovary syndrome, HOMA-IR homeostasis model assessment of
insulin resistance
aLogarithmic transformations were applied for analyses and adjusted means are geometric means after adjustment for age and body mass index

Table 5 Associations of the genotypes of vitamin D receptor polymorphisms with total testosterone, fasting insulin, and
homeostasis model assessment of insulin resistance in women with polycystic ovary syndrome using multiple linear regression
analyses

Variables VDR polymorphisms Genotypes β 95% CI P-value

Total testosterone rs10735810 GG 1

AG 5.537 1.679~9.396 0.005

AA 2.030 −3.312~7.373 0.455

Fasting insulina rs10875695 AC 1

CC 0.255 −0.031~0.542 0.081

AA 0.056 −0.326~0.437 0.774

HOMA-IRa rs10875695 AC 1

CC 0.253 −0.035~0.542 0.085

AA 0.027 −0.357~0.411 0.890

Adjusted for age and body mass index
VDR vitamin D receptor, CI confidence interval, HOMA-IR homeostasis model assessment of insulin resistance
aLogarithmic transformations were applied
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differences in races and environmental factors may
affect the differences of these results between the
studies. Higher BMI in women with PCOS could in-
fluence the activity of certain gene polymorphisms.
In our study, the VDR Cdx2 polymorphism was asso-

ciated with insulin sensitivity, and Fok-I polymorphism
was associated with testosterone levels in women with
PCOS, that is, VDR gene variants were associated with
the metabolic and endocrine features of PCOS. Previ-
ously, the VDR Cdx2 “AA” genotype was reported to be
associated with lower fasting insulin and HOMA-IR in
545 Austrian women with PCOS and 145 controls,
which was inconsistent with the results of our study
[36]. Additionally, the Fok-I genotype “FF” was associ-
ated with increased risk for abnormal serum insulin level
and IR in women with PCOS in the study of 162 Iranian
PCOS women and 162 controls [37]. Furthermore, there
have been several studies in which VDR gene variants
were associated with sex hormone levels, similar to the
results of our study. The VDR Taq-I “CC” genotype was
associated with increased levels of LH, and the VDR
Bsm-I “GG” genotype was significantly associated with
decreased levels of SHBG in 56 Iranian women with
PCOS [38]. In the study involving Austrian women, the
VDR Apa-I “AA” genotype was associated with lower
testosterone levels [36]. The “AA” genotype of the Cdx2
polymorphism showed an association with increased
levels of testosterone in Indian women with PCOS and
controls [39]. The “CC” genotype of the VDR Apa-I
polymorphism was significantly associated with lower
androstenedione levels in Indian women with PCOS
[40]. Because IR and hyperandrogenism are key features
of PCOS, VDR gene variants may contribute to the
pathogenesis of PCOS.
VDBP is the major protein involved in the process-

ing of vitamin D and the transport of its metabolites.
Up to 90% of the circulating 25-hydroxyvitamin D, the
principal circulating vitamin D metabolite, is bound to
VDBP [16]. The VDBP gene polymorphisms rs4588
and rs7041 were reported to be strongly associated
with low levels of 25-hydroxyvitamin D in 741 white
premenopausal women [41]. There were no associa-
tions between PCOS and the VDBP gene polymor-
phisms rs2282679, rs4588, and rs7041 in a study
involving 191 women with PCOS and 100 controls
from southern Brazil [18]. This result is consistent
with the results of our study, in which the distribution
of genotypes and allele frequencies of the VDBP
rs4588, rs7041, and rs22822679 polymorphisms did
not differ between women with PCOS and controls.
However, the TT genotype of VDBP polymorphism
rs7041 was associated with metabolic syndrome in
Brazilian women with PCOS [18], in contrast to the
results of our study. Although some studies have shown

that VDBP gene polymorphisms were associated with dif-
ferences in oral glucose tolerance or fasting glucose in
nondiabetic populations [42, 43], there is controversy
about the association between VDBP gene polymorphisms
and the development of diabetes [16, 44]. Further studies
are needed to demonstrate the relationship between
VDBP gene polymorphisms and the phenotypes of PCOS
in various populations.
This is the first study to evaluate the impacts of

gene variants involved in vitamin D metabolism on
PCOS susceptibility and PCOS phenotype in Korea.
However, several limitations in our study to be con-
sidered are lack of information regarding vitamin D
status, such as dietary vitamin D intake or daily sun
exposure. Because we did not measure vitamin D
levels, we could not compare vitamin D levels be-
tween groups. The lack of serum vitamin D levels is
an important limitation, since VDBP levels and its
levels of activity may largely depend on their binding
status with vitamin D, and different genotypes may be
correlated with strength of link with vitamin D, which
would eventually lead to differences in metabolic pat-
terns. Also, VDR gene expression also depends indir-
ectly on vitamin D status, which could compromise
the consequences of the variants of these genes. Fur-
thermore, we did not measure total testosterone using
liquid chromatography mass spectrometry which had
been proposed as the preferable assay by an Endo-
crine Society Position Statement. It is possible that
some metabolic abnormalities had not yet been shown
in our study because the subjects of our study were
younger than those of other studies. Also even being
younger, women with PCOS had worse metabolic fea-
tures than controls. These differences would likely be
more prominent if age was similar between groups.
Further studies in various age groups are needed to
generalize the results. In an adolescent girl, diagnosis
of PCOS is suggested basing on the presence of
hyperandrogenism in the presence of persistent oligo-
menorrhea because anovulatory symptoms and poly-
cystic ovarian morphology may be present in normal
stages in reproductive maturation. And it is possible
that hypothalamic amenorrhea can be classified as
PCOS according to the Rotterdam criteria, although it
is not common. Therefore, we used the NIH criteria
which was not widely accepted for diagnosing PCOS.
Differences of criteria for diagnosing PCOS may affect
the differences of the results about the associations of
the VDR gene and VDBP gene polymorphisms with
PCOS susceptibility. Finally, the power of the current
study did not reach 80%, which was the least value to
identify the differences in the frequency of VDR or
VDBP gene polymorphisms between groups. Further
studies with larger sample size would be needed.
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Conclusions
In conclusion, VDR gene variants may be involved in the
pathogenesis of PCOS via their effects on hyperandro-
genism and IR. After multiple linear regression analysis,
none between fasting insulin or HOMA-IR remained
significantly different according to genotype. Further
studies are needed to evaluate whether genotyping of the
VDR gene may be useful in young women with PCOS
for prediction of IR in large populations.
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