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Abstract

Purpose To investigate the correlation between serum
25-hydroxyvitamin D (25-OH-VD) concentrations and
metabolic parameters in obese and non-obese women with
polycystic ovary syndrome (PCOS).

Methods One hundred women with PCOS were divided
into two groups, obese and non-obese, according to their
body mass index (BMI). Waist-to-hip ratio (WHR), Ferri-
man—Gallwey score, homeostasis model assessment of
insulin resistance (HOMA-IR), total cholesterol, triglycer-
ides, calcium, 25-OH-VD, LH/FSH, total testosterone, and
DHEAS were measured.

Results The serum 25-OH-VD mean levels were 56.31%
lower in the obese PCOS patients. There was an association
of increased HOMA-IR, BMI, WHR, triglycerides, total
testosterone, and DHEAS with decreased 25-OH-VD
concentrations in the obese PCOS patients.

Conclusion Low serum 25-OH-VD concentrations result
from the presence of obesity and insulin resistance. How-
ever, the dependency between PCOS and hypovitaminosis
D is questionable. Hypovitaminosis D should be kept in
mind while managing obese women with PCOS.
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Introduction

Polycystic ovarian syndrome (PCOS) is the most com-
mon hormonal disorder in women of reproductive age,
characterized by hyperandrogenism and chronic anovu-
lation; it is estimated to affect 5-10% of women [1]. A
positive diagnosis is based on the patient presenting with
any two of the following three features: oligo-ovulation/
anovulation, clinical and/or biochemical signs of hyper-
androgenism, and polycystic ovaries on ultrasound exami-
nation [2].

Insulin resistance stimulates the accumulation of more
weight and induces hyperandrogenism and other symptoms
of PCOS. The strong association between insulin resistance
and ovarian hyperandrogenism suggests that insulin
directly influences ovarian function [3]. Insulin resistance
is a cardinal finding in the pathophysiology of PCOS [1]
and increases with increasing body mass index (BMI) and
waist circumference as a clinical sign of central obesity [4].
Obesity and, specifically, central obesity, is a common
feature of PCOS that worsens the phenotype [5]. Insulin
resistance is most commonly found in obese PCOS patients
(65%), but can also occur in about 20% of lean PCOS
patients [6].

Vitamin D deficiency has been shown to be associated
with impaired glucose clearance and insulin secretion in
both human [7] and animal [8] models. 25-Hydroxyvitamin
D (25-OH-VD) is positively correlated with the insulin
sensitivity and negatively with f-cell function [9]. The aim
of this study was to investigate the correlation between low
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serum 25-OH-VD concentrations and metabolic parameters
and IR in obese and non-obese women with PCOS.

Materials and methods

This prospective study analyzed 100 consecutive women
with PCOS. The women enrolled had PCOS diagnosed
according to the Rotterdam criteria [2], having two of the
following three features: (1) oligo-ovulation or anovula-
tion; (2) clinical and/or biochemical signs of hyperan-
drogenism; and (3) polycystic ovaries on ultrasound
examination (defined as the presence of > 12 follicles
measuring 2-9 mm in diameter and/or ovarian volume >
10 cm®).

There was no age limit for inclusion. The exclusion
criteria were Cushing’s syndrome, congenital adrenal
hyperplasia, hyperprolactinemia, thyroid dysfunction, and
virilizing tumors. The women who reported use of medi-
cation known to affect carbohydrate metabolism, plasma
calcium concentrations, or endocrine parameters during the
3 months prior to the study were also excluded.

The patients were divided into two groups based on
BMI: an obese group (BMI > 25 kg/m?) and a non-obese
group (BMI < 25 kg/m?). The numbers of obese and non-
obese women with PCOS were 57 and 43, respectively.
They were recruited from the outpatient clinics of the
Department of Gynecology and Obstetrics, Yuzuncu Yil
University School of Medicine (Van, Turkey) over an 8-
month period between September 2007 and May 2008. The
study was approved by the Yuzuncu Yil University Ethics
Committee for Clinical and Laboratory Research. Written,
informed consent to participate in the study was obtained
from each patient.

Both BMI and waist-to-hip ratio (WHR) were mea-
sured for each patient. BMI was calculated as weight/
height (kg/m?). The WHR was calculated by dividing the
minimal waist circumference by the hip circumference at
the level of the greater trochanters. The degree of hir-
sutism was determined using the Ferriman—Gallwey
score [10].

A morning blood sample was taken after an overnight
fast of > 12 h during the follicular phase (between days 3
and 5) of each patient’s spontaneous or progestin-induced
menstrual cycle. The homeostasis model assessment of
insulin resistance (HOMA-IR) was used to evaluate insulin
resistance, using the following formula: [11] HOMA-
IR = (IRI x FPG)/22.5, where IRI is fasting plasma
immunoreactive insulin (WU/L) and FPG is fasting plasma
glucose (mmol/L).

Serum 25-OH-VD levels were measured using the
high-performance liquid chromatography (HPLC)-based
Chromsystems diagnostic kit. Levels of calcium were
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determined using spectrophotometry. Levels of luteinizing
hormone (LH), follicle-stimulating hormone (FSH), total
testosterone, dehydroepiandrosterone sulfate (DHEAS),
and insulin were determined by chemiluminescent immu-
noassay using an Immulite® 2000 analyzer (Diagnostic
Products Corp., Los Angeles, CA, USA). Glucose, total
cholesterol and triglycerides were measured by enzymatic
colorimetric assay using a Roche-Hitachi PP Modular
Analyzer (Roche—Hitachi, Tokyo, Japan) and its original
reagents.

All data were analyzed using the Statistical Package for
the Social Sciences for Windows 16.0 software (SPSS,
Chicago, IL, USA). Data are presented as mean £ SD or as
percentages. First, multivariate analysis of variance (MA-
NOVA) was done for all variables. After obtaining a
significant difference between two groups with MANOVA
(P < 0.01), comparisons between obese PCOS and non-
obese PCOS patients were analyzed by one-way analysis of
variance (ANOVA). The variables that caused significant
difference were determined by ANOVA. Correlations
between variables were evaluated using Pearson’s corre-
lation coefficient. Statistical significance was defined as
P < 0.01.

Results

All PCOS patients in this study presented with menstrual
disturbances (oligo/amenorrhea). Forty-three (43%) out of
the 100 PCOS patients were non-obese, with a BMI <
25.00 kg/mz, and 57 (57%) were obese with a BMI >
25.00 kg/m*. Metabolic characteristics of the non-obese
and obese women with PCOS are shown in Table 1. The
obese and non-obese women with PCOS who were
studied had similar Ferriman—-Gallwey scores, LH/FSH
ratios, and calcium concentrations (P > 0.01). BMI,
WHR, HOMA-IR, total cholesterol, triglycerides, total
testosterone, and DHEAS were significantly higher in the
obese women with PCOS compared with the non-obese
women with PCOS (P < 0.01), whereas 25-OH-VD levels
were significantly lower in the obese women with PCOS
compared with the non-obese women with PCOS
(P < 0.01) (Table 1).

The 25-OH-VD levels correlated negatively with BMI,
WHR, HOMA-IR, total cholesterol, total testosterone,
and DHEAS in the obese women with PCOS. No cor-
relation was found between 25-OH-VD levels and age,
LH/FSH ratio, or calcium levels in the obese women
with PCOS. In contrast, there was a negative correlation
between 25-OH-VD levels and LH/FSH ratio in the non-
obese women with PCOS (Table 2). The serum 25-OH-
VD mean levels were 56.31% lower in the obese PCOS
patients.
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Table 1 Metabolic characteristic of non-obese and obese women with PCOS
Obese PCOS (n = 57) Non-obese PCOS (n = 43) P

Age (years) 25.51 £3.91 26.67 £ 3.62 NS
BMI (kg/m?) 32.84 + 543 22.17 £ 1.86 <0.01
WHR (cm) 0.90 £ 0.04 0.75 + 0.04 <0.01
Ferriman—Gallwey score 8.96 + 2.19 8.44 + 2.13 NS
HOMA-IR 4.64 + 1.63 2.18 + 0.61 <0.01
Total cholesterol (mg/dL) 240.66 £ 53.59 197.53 £+ 31.79 <0.01
Triglycerides (mg/dL) 155.89 £+ 19.98 112.39 £+ 10.67 <0.01
LH/FSH 2.00 + 0.28 1.94 + 0.27 NS
Total testosterone (ng/dL) 114.77 £ 10.53 88.88 + 7.42 <0.01
DHEAS (pg/dL) 312.38 +£ 13.32 260.06 + 21.88 <0.01
Calcium (mg/dL) 8.80 £+ 0.58 8.91 4+ 0.69 NS
25-OH-vitamin D (ng/mL) 12.79 £+ 3.76 29.27 £ 8.10 <0.01

Data are presented as mean £ SD; statistically analysis by one-way analysis of variance (ANOVA); P < 0.01, statistically significant

NS not statistically significant, BMI body mass index, WHR waist-to-hip ratio, HOMA-IR homeostasis model assessment of insulin resistance, LH
luteinizing hormone, FSH follicle-stimulating hormone, DHEAS dehydroepiandrosterone sulfate

Table 2 Correlation of 25-hydroxyvitamin D levels with metabolic
and endocrine parameters in obese and non-obese women with PCOS

25-Hydroxyvitamin D

Obese PCOS Non-obese PCOS
(n=157) (n=43)
Variables r r
Body mass index —0.958" —0.989*
(kg/m?)
Waist-to-hip ratio —-0.917* —0.938*
Ferriman—Gallwey score —0.046 —0.082
HOMA-IR —0.958* —0.958*
Total cholesterol —0.207 0.188
(mg/dL)
Triglycerides (mg/dL) —0.990% —0.967"
LH/FSH —-0.013 —-0.412%
Total testosterone —-0.991* —0.962%
(ng/dL)
DHEAS (pg/dL) —0.963* —0.945*
Calcium (mg/dL) 0.035 —0.192

Data are given as Pearson’s correlation (r = correlation coefficient)

HOMA-IR homeostasis model assessment of insulin resistance,
DHEAS dehydroepiandrosterone sulphate, LH luteinizing hormone,
FSH follicle-stimulating hormone

* Correlation in significant at the 0.01 level (2-tailed)

Discussion

The primary defect in PCOS appears to be exaggerated
androgen synthesis and secretion by the ovaries and adre-
nal glands [12]. PCOS is a unique, natural model for the
study of the influence of androgen excess on bone mass
among women [13]. In patients with PCOS, the deleterious
effect on bone of amenorrhea is balanced by androgen

overproduction [14]. Insulin resistance and systemic
hyperinsulinism play a major role in the development of
the hyperandrogenism characteristic of the syndrome.
Insulin acts synergistically with LH to stimulate the syn-
thesis of androgens by ovarian theca cells in vitro [6].
Insulin resistance, defined as reduced utilization of insulin-
mediated glucose, has been found in 10-25% of the obese
population in sophisticated, dynamic studies of insulin
action [15]. There was also a tendency towards decreased
insulin sensitivity in lean PCOS subjects, but only in obese
women did these changes become statistically significant,
suggesting that obesity, and particularly abdominal obesity,
is an important contributor to the development of insulin
resistance in PCOS [16, 17]. In our study, more than half of
the PCOS patients were obese comparable to other study
groups [18-20].

Dunaif et al. [21] suggested that women with PCOS
have significant insulin resistance that is independent of
obesity, changes in body composition, and impairment of
glucose tolerance. On the other hand, the 1991-1992
Annual Report of the Committee for Reproductive and
Endocrine (Japan Society of Obstetrics and Gynecology)
[22] demonstrated a significant difference in insulin resis-
tance between non-obese and obese women with PCOS; it
suggested that obesity was the factor that affected insulin
resistance most strongly and that insulin resistance in
Japanese PCOS sufferers was a consequence of obesity
rather than a feature of PCOS itself.

Hyperinsulinemia and abdominal obesity may have
complementary effects in the pathogenesis of PCOS. Low
calcium intake has been identified as a potential contrib-
uting factor to obesity [23]. In contrast, in the present
study, we did not find a significant difference in calcium
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levels between obese women with PCOS and non-obese
women with PCOS.

In obese perimenopausal women, serum 25-OH-D3
levels were significantly lower in comparison with healthy
controls. The low level of 25-OH-D3 in obese subjects may
be caused by the decreased exposure to sunlight (limited
mobility of obese patients), excessive storage of vitamin D
in adipose tissue and inhibition of its synthesis in liver by
the increased level of 1,25-dihydroxyvitamin D [24].
Vitamin D insufficiency associated with obesity is likely to
be functionally significant, as compensatory hyperpara-
thyroidism has been observed in obese adults with low
25-OH-VD levels [25].

Hahn et al. [19] demonstrated that in PCOS patients
increased body weight had a significant negative correla-
tion on 25-hydroxyvitamin D concentrations, as in our
study. The low concentration of 25-OH-VD could be a
factor triggering insulin resistance and diabetes [26].
Zella et al. [27] have shown that oral administration of
1,25-dihydroxyvitamin D3 protected non-obese diabetic
mice from developing insulin-dependent diabetes mellitus.

Women with PCOS are known to be at increased risk for
the development of impaired glucose tolerance and type 2
diabetes mellitus (T2DM) [18]. A high prevalence of
vitamin D deficiency has been shown in women with
T2DM [28]. Insulin sensitivity has been shown to be
increased by vitamin D supplementation [29].

In our study, low serum concentrations of 25-OH-VD
were also shown to be associated with higher BMI values
and total cholesterol. We also confirmed the association
between abdominal obesity, hyperandrogenism, and insulin
resistance by the correlation between HOMA-IR, WHR,
FGS and total testosterone, and DHEAS concentrations in
obese PCOS patients. Vitamin D levels below 20 ng/mL
are considered to indicate hypovitaminosis D [9]. In our
study, 67% of PCOS patients presented with vitamin D
levels below 20 ng/mL. Vitamin D could be an alternative
treatment to support insulin sensitivity. Vitamin D defi-
ciency decreases the biosynthesis and release of insulin [8].

Vitamin D supplementation could be an element in the
complex treatment of PCOS patients presenting with
obesity and hypovitaminosis D, not only to ameliorate
insulin resistance but also to prevent other serious health
consequences. Randomized, controlled, prospective trials
are needed to address this possible positive effect of vita-
min D supplementation in obese patients with and without
PCOS, especially whether vitamin D could prevent type 2
[19] and type 1 diabetes mellitus [30]. There was an
inverse association between vitamin D levels and diabetes
[26]. In a non-randomized controlled trial, Thys-Jacobs
et al. [31] anticipated that the combination of dietary cal-
cium insufficiency and vitamin D deficiency may well be
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largely responsible for the menstrual abnormalities asso-
ciated with PCOS.

Abdominal obesity is a contributor to the development
of insulin resistance in PCOS. Obesity and insulin resis-
tance aggravate hyperandrogenism. Serum vitamin D is
significantly lower in obese than in non-obese individuals
and may contribute to lower serum 25-hydroxyvitamin D
in obesity [32]. Hypovitaminosis D results from the pres-
ence of obesity but is independent of the presence of
PCOS. The results of our study were in agreement with the
previous studies supporting an association of increased
HOMA-IR and BMI with decreased 25-OH-VD concen-
trations in women with PCOS. Although managing obese
women with PCOS, low concentrations of 25-OH-VD
should be kept in mind. Vitamin D supplementation can be
useful in the treatment of obese women with PCOS.

Conflict of interest statement None.
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