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Summary

Objective To investigate prevalence of vitamin D defi-
ciency and its relation to clinical, anthropometrical,
and biochemical findings in polycystic ovary syndrome
(PCOS) and controls.

Design Case-control prospective observational study.

Settings Department of Internal medicine, L.P. Uni-
versity hospital.

Patient(s) 99 PCOS women and 66 controls.

Main outcome measure(s) 25-hydroxyvitamin D level
(25(0OH)D), anthropometric, endocrine, and metabolic
parameters in both groups.

Results There was no significant difference in 25(OH)
Dlevelsbetween PCOSwomen and controls (24.79+10.77
vs 25.07+10.14 ng/ml, p =0.868) and also in the preva-
lence of 25(OH)D deficiency in both groups (80 vs 70 %;
p =0.138). Vitamin D-deficient PCOS patients had sig-
nificantly higher body mass index (BMI), fasting insulin,
and homeostasis model assessment-insulin resistance
(median [quartiles]: 2.24 [1.38; 3.51] vs 1.23 [0.79; 1.66];
p <0.05, age-and BMI-adjusted p =0.036) and borderline
higher glycemia (4.7+0.5 vs 4.5+0.4 mmol/l; p =0.05;
p_adj =0.95) compared with vitamin D-deficient con-
trols. PCOS women with metabolic syndrome (MS) had
lower serum 25(OH)D compared with those without MS
(20.6+8.3vs25.9+11.3 ng/ml, p=0.049). 25(0OH)D corre-
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lated positively with high-density lipoprotein cholesterol
in all subjects (r =0.159, p =0.043) and negatively with
luteinizing hormone/follicle-stimulating hormone ratio
(r=-0.211, p=0.037).

Conclusion Insulin resistance and other metabolic
abnormalities in PCOS women seem to be related to
PCOS rather than to vitamin D deficiency.

Keywords Polycystic ovary syndrome - Vitamin D defi-
ciency - Insulin resistance - Hyperandrogenism

Introduction

Polycystic ovary syndrome (PCOS) is the most common
female endocrine disorder characterized by chronic
anovulation and menstrual dysfunction, lower preg-
nancy success and infertility, biochemical and clinical
signs of hyperandrogenism, and the presence of polycys-
tic ovaries on ultrasound. It is typically identified during
the early reproductive age or adolescence, and its preva-
lence is as high as 15 % when the broader Rotterdam cri-
teria are applied and approximately 10% in conditions
of criteria Androgen Excess Society (AES) [1]. There is
an evidence that patients with PCOS suffer from various
metabolic disturbances such as visceral obesity, insulin
resistance (IR), impaired glucose tolerance (IGT), dyslip-
idemia, type 2 diabetes mellitus (T2DM), and metabolic
syndrome (MS) with the several-fold higher risk of arte-
rial hypertension and coronary heart disease [2, 3].

Accumulating data suggest that vitamin D deficiency
has been shown to be associated with impaired glucose
metabolism, especially with impaired insulin secretion
and failure of insulin action in both human and animal
models. Low vitamin D status is suspected to be a risk
factor for IGT, IR, and T2DM, which are also cardinal
findings in PCOS [4].
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A number of studies demonstrated the relationship
between vitamin D levels and PCOS symptoms such as
IR, hirsutism, menstrual cycle dysfunction, and infertil-
ity [5-7]. However, a potential role of vitamin D in the
pathogenesis of PCOS is still unclear. Vitamin D is con-
sidered to influence the PCOS development via regula-
tion of gene transcription and hormonal modulation of
insulin metabolism as well as reproductive function [8].
Low levels of vitamin D might have potential role in the
phenotype expression of PCOS. Vitamin D deficiency can
lead to the manifestation of IR through the failure of insu-
lin secretion and a decrease in insulin receptors’ expres-
sion. In addition, it can contribute to the development
of follicular arrest and results in menstrual and fertility
dysfunction in PCOS via calcium dysregulation. Reduc-
tion of sex hormone-binding globulin (SHBG) levels and
an increased parathyroid hormone (PTH) production in
vitamin D deficiency can lead to the worsening of hyper-
androgenemia and its clinical manifestation as hirsut-
ism, acne, and androgenic alopecia [9].

Current evidence about the role of 25-hydroxyvitamin
D level (25(OH)D) in the development of reproductive
and metabolic abnormalities, especially MS, typically
found in PCOS has been still limited. The aim of this
prospective study was to determine the prevalence of
vitamin D deficiency in a selected group of Slovak PCOS
women in comparison with control group and to assess
the relationship between serum vitamin D levels and
clinical and biochemical findings in PCOS.

Materials and methods
Study sample

This prospective study analyzed 99 women with PCOS,
which were primarily identified in an outpatient depart-
ment of gynecology, endocrinology, and diabetology and
consequently examined in the 1st Department of Inter-
nal medicine L. Pasteur University Hospital, Kosice, Slo-
vakia over a period between May 2010 and March 2013.
The average age of PCOS women was 29+ 5 years (range
20-41, median 29). The diagnosis of PCOS was based on
the Rotterdam criteria [10], i.e., two out of three of the fol-
lowing features are required for diagnosis confirmation:
(1) oligoovulation and/or anovulation, (2) clinical and/
or biochemical signs of hyperandrogenism, and (3) pres-
ence of polycystic ovaries on ultrasound examination
(defined as the presence of >12 follicles in each ovary
measuring 2-9 mm in diameter and/or increased ovar-
ian volume >10 cm?®). Oligo-and/or anovulation were
considered by the presence of oligomenorrhea or amen-
orrhea. Hyperandrogenism was determined by the clini-
cal presence of hirsutism (modified Ferriman-Gallwey
score >6), acne, or alopecia and/or elevated androgen
levels. MS was defined according to the National Cho-
lesterol Education Program (NCEP) and the Adult Treat-
ment Panel III (ATP III) guidelines in all subjects [11]. The
exclusion criteria were Cushing’s syndrome, congenital

adrenal hyperplasia, hyperprolactinemia, androgen-
secreting tumors, and severe comorbidities, which were
ruled out by careful examination.

Control group consisted of 66 healthy regularly men-
struating randomly selected age-matched women with-
out clinically apparent hyperandrogenism. The average
age was 28+ 4 years (range 21-44, median 28). The study
participants did not take any medication known to affect
endocrine parameters, carbohydrate metabolism, or
serum lipid profile. The study design was approved by
the local ethics committee and fulfilled the ethical guide-
lines of the most recent declaration of Helsinki. Written
informed consent was signed by each patient.

Standard anthropometric data were obtained from
each subject (height, weight, waist, and hip circumfer-
ence). Waist circumference was measured in a standing
position two centrimeters above umbilicus, and hip cir-
cumference was measured in a standing position at the
maximum circumference over the buttocks. The body
mass index (BMI) was calculated as the weight/height?
(kg/m?). According to body weight and BMI, 61% of
PCOS patients had normal BMI (18-24.9 kg/m?), 14%
were overweight (BMI 25-29.9 kg/m?), and 25% were
obese (BMI >30 kg/m?). Blood samples for hormonal
(total testosterone, free testosterone, dehydroepiandros-
terone sulphate (DHEAS), SHBG, PTH, luteinizing hor-
mone (LH), follicle-stimulating hormone (FSH), LH/FSH
ratio, 25(OH)D), and metabolic (fasting glucose, fasting
insulin, total cholesterol, high-density lipoprotein (HDL)
cholesterol, low-density lipoprotein (LDL) cholesterol
and triglycerides) parameters were obtained in the
morning between 7:00 to 9:00 a.m.after overnight fasting
during the early follicular phase of each patient’s sponta-
neous or progestin/induced menstrual cycle. IR was esti-
mated using the homeostasis model assessment-insulin
resistance (HOMA-IR). The free androgen index (FAI)
was calculated as testosterone (nmol/L)/SHBG (nmol/L)
x 100. According to consensus in clinical praxis, vitamin
D deficiency was defined as serum level of 25(OH)D level
<30 ng/ml [12].

Biochemical analysis

Serum 25(0OH)D levels were measured using a commer-
cially available radioimmunoassay kit (IDS Ltd.) with
intra- and inter-assay coefficients of variation of 5.0 vs
7.3%, respectively. Hormonal levels of LH, FSH, testos-
terone, DHEAS, and SHBG were determined using Che-
miluminescent Microparticle Immunoassay (analyzer
Architect, module C). Free testosterone was detected by
radioimmunoassay using commercially available kits of
DIA Source. Fasting insulin was assessed radioimmuno-
logically using kits Immunotech France. Fasting glucose,
PTH, total cholesterol, HDL cholesterol, LDL cholesterol,
and triglycerides were measured by routine methods.

642  Prevalence of vitamin D deficiency in Slovak women with polycystic ovary syndrome

@ Springer



original article

Statistical analysis

Data are presented as mean + standard deviation or
count (percentages), unless stated otherwise. Variables
with non-normal distribution were logarithmically
transformed before analysis. Comparisons between
PCOS women and control group were performed by Stu-
dent’s t-test. Correlations between variables were evalu-
ated using Pearson’s correlation coefficient. p Values of
<0.05 were considered statistically significant. Statistical
analyses were performed with SPSS software version 15
(IBM, USA).

Deseasonalized vitamin 25(OH)D levels were calcu-
lated by regressing the measured 25(OH)D level on the
periodic sinusoid function and then adding the residuals
to the seasonal average to create a deseasonalized vita-
min D level for each individual as described previously
[13]. Given the assumptions and limitations inherent
in deseasonalized analysis, we performed and report
analyses using unadjusted 25(OH)D values. Importantly,
results from analyses using deseasonalized data did not
materially differ from unadjusted analyses (data not
shown).

Results

The prevalence of vitamin D deficiency was high and
similar in both groups, 79 of 99 PCOS women (80 %) and
46 of 66 control group subjects (70 %) (p =0.138). Dis-
tribution of subcategories of decreased 25(OH)D levels
between 20-29.9 ng/ml, 10-19.9 ng/ml, and <10 ng/ml
in PCOS women was 42%, 34%, and 3%, respectively.
Only 20 of 99 PCOS women (20 %) and 20 of 66 controls
(30%) presented with sufficient 25(OH)D levels. There
was no significant difference in mean 25(OH)D concen-
tration between patients with PCOS and control group
(24.79+£10.77 vs 25.07+10.14 ng/ml, p =0.868). Com-
parison of anthropometrical and biochemical findings
in vitamin D-deficient PCOS women and control group
subjects is shown in Table 1.

In subjects with low vitamin D status, patients with
PCOS had significantly higher weight, waist and hip cir-
cumference, BMI, fasting insulin levels, HOMA-IR index
(median [quartiles]: 2.24 [1.38-3.51] vs 1.23 [0.79-1.66]; p
<0.001, age- and BMI-adjusted p_adj =0.036), borderline
higher glycemia (mean + SD: 4.7+ 0.5 vs 4.5+ 0.4 mmol/];
p =0.05, age- and BMI-adjusted p_adj =0.95), higher
serum lipids (total cholesterol, LDL cholesterol, and tri-
glycerides), and lower HDL cholesterol as well as higher
serum androgen level (total testosterone, free testoster-
one) compared with vitamin D-deficient control group
subjects.

Comparison of anthropometric and biochemical
findings in PCOS subjects according to 25(OH)D status
is shown in Table 2. Vitamin D-deficient PCOS women
had higher serum triglycerides levels with borderline sig-
nificance compared to nondeficient PCOS (1.44+0.93 vs
1.03+0.46 mmol/l; p =0.051). Vitamin D-deficient PCOS

Table 1 Comparison of anthropometrical and biochemical
findings in vitamin D-deficient polycystic ovary syndrome
(PCOS) and control group subjects

25-hydroxyvitamin D level (25(0H)D) <30 ng/ml

PCOS (n=79) Control group
(n=486)

Variables? Mean + stan- Mean +SD p

dard deviation

(SD)
Age (years) 29.18+4.95 28.70+3.66 0.567
Weight (kg) 77.97+19.32 59.60+11.09 <0.001
Waist circumference 90.96+17.92 59.60+11.09 <0.001
(cm)
Hip circumference (cm)  106.76+12.79  94.75+6.78 <0.001
Body mass index (kg/m?) 28.14+6.96 21.36+3.56 <0.001
Fasting glucose (mmol/l) 4.72+0.49 4.54+0.39 0.050
Fasting insulin (uiU/ml) ~ 13.91+10.41 6.42+2.85 <0.001
Homeostasis model 1.23[0.79- 2.24 [1.38-3.51] <0.001
assessment-insulin 1.66]
resistance (HOMA-IR)®
Total cholesterol 5.02+0.81 4.53+0.79 0.002
(mmol/l)
High-density lipoprotein ~ 1.44+0.41 1.61+0.40 0.029
cholesterol (mmol/l)
Low-density lipoprotein ~ 2.93+0.76 2.54+0.67 0.005
cholesterol (mmol/l)
Triglycerides (mmol/l) 1.44+0.93 0.86+0.59 <0.001
Luteinizing hormone 8.32+6.83 5.83+2.84 0.023
(LH) (luny
LH/follicle-stimulating 1.66+1.01 1.12+0.74 0.002
hormone ratio
Total testosterone (ng/ 1.10+0.37 0.95+0.22 0.017
ml)
Free testosterone (pg/ml) 3.90+1.10 3.25+0.80 0.001
Sex hormone-binding 56.85+40.32 67.37£28.46 0.143
globulin (nmol/I)
Free androgen index 8.36+4.92 5.68+2.83 0.004
Dehydroepiandrosterone  303.69+162.94 316.64+111.76 0.641
sulphate (ug/100ml)
25(0H)D (ng/ml) 20.40+5.64 19.65+5.69 0.476

\/ariables are shown as mean =+ standard deviation
®HOMA-IR is shown as median [quartiles]

women tended to have higher HOMA-IR compared to
vitamin D-sufficient PCOS women, however without
significance. They did not differ in other variables. Com-
parison of HOMA-IR index between PCOS and control
group in subgroup of vitamin D-deficient subjects (p
<0.001; adjusted for age, BMI: p_adj =0.036) and vita-
min D nondeficient subjects (p =0.015; p_adj =0.748) is
shown in Fig. 1.

A total of 21 of 99 PCOS women (21.2%) presented
with MS according to NCEP ATPIII guidelines. Patients
with PCOS and MS had significantly lower 25(OH)
D levels compared to PCOS without MS (20.6+8.3 vs
25.9+11.3 ng/ml, p =0.049).
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Table 2 Comparison of anthropometric and biochemical
findings in polycystic ovary syndrome (PCOS) subjects ac-
cording to 25(0H)D status

PCOS 25-hydroxyvitamin ~ 25(0H)D
D level (25(0H)D) <30 ng/ml
>30 ng/ml (n=20) (n=79)
Variables? Mean + standard ~ Mean +SD p
deviation (SD)
Age (years) 29.35+3.92 29.18+4.95 0.885
Weight (kg) 76.90 +20.46 77.97+19.32 0.828
Waist circumference 88.00+19.09 90.96+17.92 0.525
(cm)
Hip circumference (cm)  110.50+12.54 106.76+12.79  0.392
Body mass index (kg/m?) 27.38+6.71 28.14+6.96 0.660
Fasting glucose (mmol/l)  4.66+0.44 4.72+0.49 0.607
Fasting insulin (ulU/ml) ~ 11.10+6.99 13.91+10.41 0.255
Homeostasis model 1.85[1.04-3.68] 2.24[1.38-3.51] 0.467
assessment-insulin
resistance (HOMA-IR)
Total cholesterol 5.09+1.25 5.02+0.81 0.768
(mmol/l)
High-density lipoprotein ~ 1.60+0.61 1.44+0.41 0.205
cholesterol (mmol/l)
Low-density lipoprotein ~ 2.72+0.94 2.93+0.76 0.315
cholesterol (mmol/l)
Triglycerides (mmol/l) 1.03+0.46 1.44+0.93 0.051
Luteinizing hormone 7.07+4.60 8.32+6.83 0.441
(LH) (lu71)
LH/follicle-stimulating 1.21+0.68 1.66+1.01 0.158
hormone ratio
Total testosterone (ng/ 1.11+0.29 1.10+0.37 0.914
ml)
Free testosterone (pg/ml) 3.76+0.90 3.90+1.10 0.567
Sex hormone-binding 62.83 +35.81 56.85+40.32 0.566
globulin (nmol/l)
Free androgen index 7.90+4.16 8.36+4.92 0.731
Dehydroepiandrosterone  305.60 +125.77 303.69+162.94 0.961

sulphate (ug/100ml)

\ariables are shown as mean + standard deviation
"HOMA-IR is shown as median [quartiles]

25(0OH)D levels correlated positively with HDL cho-
lesterol in all subjects (Pearson’s r =0.159, p =0.043).
Negative correlation between 25(0OH)D and LH/FSH was
found in PCOS group (Pearson’s r =-0.211, p =0.037)
(Fig. 2). There was no significant correlation between
25(0OH)D and serum androgen levels, SHBG and other
metabolic and anthropometric parameters (data not
shown).

Assessment of hirsutism according to Ferriman-Gall-
wey score was performed in a subgroup of 89 PCOS
women. Hirsutism was evident in 51 PCOS women
(57.3%), 38 subjects (42.7 %) presented without clinically
manifested hirsutism. PCOS women with and without
hirsutism had comparable vitamin D levels (24.8 +10.8 vs
26.0+11.2 ng/ml, p =0.60). Hirsute PCOS women tended
to have higher BMI (28.70+6.66 vs 25.81+6.94 kg/m?,

4.0 | vitamin 25(OH)D
B >/=30 ng/ml
<30 ng/ml

control

PCOS status

Fig. 1 Comparison of homeostasis model assessment-insu-
lin resistance index between polycystic ovary syndrome and
control group in subgroup of vitamin D-deficient subjects (p
<0.001; adjusted for age, BMI: p_adj =0.036) and vitamin D
nondeficient subjects (p =0.015; p_adj =0.748)

p =0.050) as well as higher HOMA-IR (2.86 [1.35-3.83] vs
1.81 [1.08-3.18], p =0.052) than those without hirsutism.
The difference in HOMA-IR lost significance after adjust-
ment for age and BMI (p_adj =0.332).

In all, 89 of 99 PCOS women (89.9 %) presented with
manifest menstrual cycle disturbance such as oligom-
enorea or amenorea. Vitamin D deficiency was observed
in 71 oligomenorrhoic PCOS women (79.8 %). There was
no significant difference in the prevalence of irregular
menstrual cycle between vitamin D-deficient and non-
deficient PCOS women (90 vs 89.9 %, p=0.987).

Discussion

The prevalence of vitamin D deficiency was high in both
patients and controls. We did not observe any signifi-
cant difference in serum 25(0OH)D levels between PCOS
women and controls. Data on the prevalence of vitamin
D status in PCOS women are limited and differ among
studies. Some studies showed that vitamin D levels are
similar in women with and without PCOS [14-16], what
is in agreement with our results. However, Wehr et al.
[17] reported lower serum vitamin D levels in PCOS
women compared to controls (25.7 vs 32 ng/ml). In con-
trast, Mahmoudi et al. [18] described significantly higher
serum vitamin D levels in PCOS women compared to
BMI- and age-matched controls (29.3 vs 19.4 ng/ml).
Vitamin D deficiency is very common worldwide, and
according to previous data 10-60 % of adults have 25(0OH)
D levels lower than 20 ng/ml [19]. The recommendations
for serum 25(OH)D levels are, in general population, at
least 30 ng/ml [12]. In our study, 80 % of PCOS and 70 %
of control group subjects were below this value. Wehr et
al. [6] described vitamin D deficiency in 72.8% of PCOS
women, but this study did not contain a control group.
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Fig. 2 a Positive correlation between 25-hydroxyvitamin D
level (25(0OH)D) levels and serum high-density lipoprotein cho-
lesterol in all subjects (r =0.159, p =0.043). b Negative cor-

Another observational study on 52 women (25 in PCOS
group and 27 in control group) has found severe vitamin
D deficiency (25(OH)< 10 ng/ml)) in 44.0 and 11.2% of
subjects in the PCOS and the control group, respectively
(p=0.047) [14]. Vitamin D deficiency has been linked to
an increased risk of many chronic diseases such as car-
diovascular, autoimmune, infectious diseases, T2DM,
cancer, and psychological disorders such as depression
and chronic pain and may affect the function of all sys-
tems of the body, indicating the importance of sufficient
vitamin D status [20].

In the current study, vitamin D deficiency in PCOS
women was presented with significantly higher body
weight (BMI, waist circumference), higher IR and serum
lipids (total cholesterol, LDL cholesterol, triglycerides
(TAG), and higher serum androgen levels compared with
vitamin D deficiency controls. PCOS women with MS
had lower serum 25(OH)D compared with those without
MS (p =0.049). PCOS women with vitamin D deficiency
had marginally higher serum triacylglycerides levels
(p =0.051) and tended to have higher HOMA-IR com-
pared to PCOS with sufficient vitamin D levels. 25(OH)D
correlated positively with HDL cholesterol in all subjects
(r =0.159, p =0.043) and negatively with LH/FSH ratio
(r=-0.211, p=0.037).

Recently published observational studies investigated
the relationship between 25(OH)D levels and abdomi-
nal obesity and IR. There was found negative correlation
between 25(0OH)D and BMI, waist circumference, fast-
ing glucose, fasting insulin, HOMA-IR index, and tri-
glycerides [6, 7]. Similarly, Hahn et al. [5] described that
increased body weight in PCOS negatively correlated
with 25(OH)D levels. Wehr et al. demonstrated in 206
PCOS women a significant association of low 25(0H)D
levels with components of the MS. In this study, 25(0H)
D levels were significantly lower in patients with PCOS
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relation between 25(0OH)D levels and luteinizing hormone/fol-
licle-stimulating hormone ratio in polycystic ovary syndrome
(r=-0.211, p =0.037)

and MS vs PCOS women without features of MS, what is
in agreement with our results. 25(OH)D levels were also
a significant and independent predictor of IR and insulin
sensitivity in a multivariate regression analysis in both
PCOS and control women [6]. Patra et al. [21] observed in
60 PCOS women, divided into 3 groups according to vita-
min D status, that the patients with vitamin D deficiency
demonstrated the highest HOMA-IR values compared
with those with vitamin D insufficiency and sufficiency;
vitamin D was the best predictor of IR. In study of Ngo
et al. [22], 25(OH)D levels directly correlated with Quan-
titative Insulin Sensitivity Check Index (QUICKI) and
vitamin D deficiency was associated with low QUICKI
in entire cohort of young women, including a PCOS
subgroup. Several studies showed negative correlation
between vitamin D levels and HOMA-IR and obesity
in PCOS women [5-7, 15], but in two of them this rela-
tion disappeared when HOMA-IR values were adjusted
for BMI [6, 15, 23]. Tsakova et al. observed that almost
2/3 of the women with PCOS and/or obesity appeared
to be vitamin D-deficient. Women with obesity, espe-
cially visceral (with or without PCOS), had significantly
lower levels of 25(0OH)D compared with lean PCOS sub-
jects. Women with and without MS however did not dif-
fer significantly in 25(OH)D levels. Women with normal
BMI had higher 25(OH)D levels compared to overweight
and obese (p =0.028) [24]. Otherwise, authors Sahin et
al. demonstrated presence of IR in 30% of lean PCOS
women, and BMI was not found to correlate with IR.
Authors did not observe an association between vitamin
D levels and IR in lean women with PCOS, so it is sup-
posed that other intrinsic mechanism and genetic pre-
disposition are related to IR in lean women with PCOS,
independently of obesity and vitamin D deficiency [25].
Thus, it is not clear if vitamin D deficiency is related
to the presence of IR or to the presence of obesity. It
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has been suggested that obesity may play a confound-
ing role in the association between vitamin D and IR in
PCOS. A recent study found that low levels of 25(OH)D
were significantly determined by the degree of adiposity
and were not directly affected by the development of IR
[26]. It has been shown that in obese individuals there is
a higher proportion of vitamin D, which is fat-soluble,
sequestred in adipose tissue and thereby the bioavail-
ability of vitamin D is low [23]. However, in study of Li et
al. [14], HOMA-IR was significantly higher in subgroup of
vitamin D-deficient PCOS even after adjustment for age
and BMI. Despite the strong association between obesity
and IR, multiple studies have demonstrated that women
affected by PCOS have more severe IR than expected on
the basis of their body weight, and therefore vitamin D
status has been designed as a possible contributing fac-
tor for IR in PCOS women [23]. In our sample, vitamin
D-deficient PCOS women tended to have higher HOMA-
IR compared with vitamin D nondeficient PCOS, but it
was not significant. Statistically significant difference in
HOMA-IR after adjustment for age and BMI was present
between PCOS and control group in subgroup of vitamin
D-deficient women.

Hyperinsulinemia, IR, and abdominal obesity may
have a complementary effect on the pathogenesis of
PCOS. The exact mechanism explaining the relationship
between vitamin D and IR is not entirely understood,
but some studies showed that biologically active form of
vitamin D may enhance insulin action supporting insulin
secretion and release, increase insulin receptor expres-
sion, and may suppress the overproduction of proinflam-
matory cytokines that are suggested to mediate IR [27].
Vitamin D deficiency decreases insulin biosynthesis and
release, and it is supposed that the low 25(OH)D con-
centration could be a triggering factor of IR, which is a
common feature in PCOS [28]. Furthermore, vitamin D
receptor gene polymorphism has been associated with
an increased risk of PCOS or related metabolic and endo-
crine phenotype, suggesting the role of vitamin D in the
pathogenesis of PCOS [29].

Few intervention trials had been carried out bring-
ing controversial findings about the effect of vitamin D
supplementation on metabolic abnormalities especially
on IR typically found in women with PCOS. Ardabili et al.
in randomized, placebo-controlled, double-blinded trial
evaluated 50 PCOS women with vitamin D deficiency.
Authors did not observe any significant decrease in fast-
ing serum insulin, glucose levels, BMI, and HOMA-IR
after 2 months supplementation of 3 doses of 50,000 ITU
vitamin D3 or placebo. Authors demonstrated a signifi-
cant decrease of total cholesterol, triacylglyceroles, and
very low-density lipoprotein cholesterol [30]. Bonakda-
ran et al. carried out a randomized control trial among
51 PCOS women and compared efect of calcitriol, met-
formin, or placebo therapy on metabolic components
and ovulation evidence in PCOS. Authors did not dem-
ostrated effect of calcitriol therapy on BMI, fasting glu-
cose, and insulin levels, HOMA/IR tended to decrease,
but not significantly [31]. Similarly, Raja-Khan et al. did

not determine the effect of high-dose vitamin D supple-
mentation on insulin sensitivity measured as QUICKI.
The authors observed a trend toward lower 2-h insulin
and lower 2-h glucose level in oral glucose tolerance
test and protective effect of vitamin D supplementation
on blood presure [32]. The study of Selimoglu et al. has
brought contrasting results. The authors observed in 11
obese PCOS women a significant decrease in HOMA-IR
after the administration of a single dose of 300,000 IU
cholekalciferol [33].

Low serum levels of 25(OH)D have also been associ-
ated with an unfavorable lipid profile, which could pos-
sibly explain the relationship between vitamin D status
and an increased risk of cardiovascular diseases and
cardiovascular mortality [14, 34]. In cross-sectional stud-
ies, serum 25(OH)D was positively associated with HDL
cholesterol resulting in a favorable LDL cholesterol (or
total cholesterol) to HDL cholesterol ratio. There was also
a uniform agreement between studies about negative
relation between serum 25(OH)D and triglycerides [35].
Studies in PCOS women have brought similar results.
Authors demonstrated negative correlation of 25(0H)D
levels with total cholesterol, triglycerides, total choles-
terol/HDL cholesterol, and leptin [5, 6]. 25(0OH)D level
positively correlated with HDL cholesterol level [5, 6, 14],
that is, in consistency with our results. In one study, the
association of vitamin D deficiency with HDL cholesterol
was independent of BMI and waist-to-hip ratio [14]. It
supports the increasing evidence that vitamin D defi-
ciency is associated with multiple metabolic risk factors
in PCOS women.

We also confirmed negative correlation between vita-
min D and LH/FSH ratio; however, this finding has not
yet been described in the literature. It could be related
to anovulation and luteal insuficiency; however, we were
not able to demonstrate its relation to LH only.

In our study, we did not detect significant differencesin
vitamin D levels between hirsute and non-hirsute PCOS
women. Hirsute PCOS women were more obese than
non-hirsute and both groups had comparable HOMA-IR.
Only few observational studies confirmed the relation-
ship between markers of hyperandrogenism and vitamin
D status. Hirsute PCOS women presented lower vitamin
D levels in comparison with BMI-matched controls (17 vs
29 ng/ml) [36], they also had lower vitamin D levels com-
pared with those without hirsutism (21.4 vs 26.8 ng/ml)
[6]. 25(OH)D levels negatively correlated with a degree of
hirsutism [5, 6], total testosterone, DHEAS [7], and FAI [5,
14] and positively with SHBG [5, 14]. Correlation between
vitamin D and hyperandrogenism in PCOS may be due to
the reduction of SHBG levels that result from presence of
visceral obesity and IR [5, 14].

In this study, we did not observe any relationship
between 25(0OH)D levels and serum androgen levels
(total testosterone, free testosterone, DHEAS, and FAI)
as well as SHBG. A similar result was published in the
observational study by Panidis et al. [15], who did not
find any differences between PCOS and healthy control
women with respect to vitamin D status.
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Accumulating data from animal and human stud-
ies suggest that vitamin D is involved in many func-
tions of reproductive system in both genders. Vitamin
D deficiency is associated with calcium dysregulation,
which can influence foliculogenesis and contribute to
the development of follicular arrest and may result in
menstrual and fertility dysfunction in PCOS [9]. In PCOS
patients, we did not detect differences in the preva-
lence of irregular menstrual cycle according to vitamin
D status as well as differences in serum 25(0OH)D levels
between oligomenorheic PCOS and PCOS with normal
menstrual cycle. The observational study of Pal et al. [37]
has demonstrated that infertile women with PCOS had
lower levels of vitamin D than infertile women with nor-
mal ovulation and each unit of vitamin D level reduced
the likelihood of PCOS by 96 %.

This is the comprehensive study providing complex
assessment of relation between vitamin D deficiency and
metabolic abnormalities, hirsutism and menstrual cycle
disturbances in PCOS including large group of PCOS
women as well as control group subjects. We did not
demonstrate any difference in serum vitamin D concen-
tration between PCOS patients and control group sub-
jects. Low vitamin D status was associated with MS, but
other metabolic and reproductive abnormalities seem to
be related to PCOS rather than to vitamin D deficiency.
It was already described that both vitamin D deficiency
and PCOS are associated with features of MS, but it is still
unclear whether vitamin D deficiency may contribute to
the metabolic disturbances commonly found in PCOS
women. To prove these findings and to evaluate the effect
of vitamin D on metabolic and endocrine disturbances
in PCOS large interventional studies are needed in PCOS
women.
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