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Abstract
Objectives: The aim of the present study was to evaluate the impact of polycystic ovarian morphology in the
hormonal and metabolic features of the "classical" phenotypes of PCOS.
Design: The study included 1275 Caucasian women with PCOS with a mean age of 24.25 ± 5.79 years and a
mean BMI of 26.80 ± 7.03 kg/m2. Diagnosis of PCOS was based on the 2003 Rotterdam ESHRE/ASRM-Sponsored
PCOS Consensus criteria. Two phenotypes, matched for age and BMI were compared: Phenotype I (n=620) which
included PCOS women with biochemical hyperandrogenemia and/or clinical hyperandrogenemia, chronic
anovulation and polycystic ovarian morphology on ultrasound (PCO). Phenotype II (n=400) which included PCOS
women with biochemical hyperandrogenemia and/or clinical hyperandrogenemia and chronic anovulation, without
PCO. These phenotypes were further subdivided in normal weight and obese PCOS women.
Results: PCOS women of Phenotype I had higher LH/FSH ratio (p<0.001), higher Testosterone (p<0.01), Δ4
Androstenedione (p<0.001) and 17-OH progesterone levels (p<0.001), and higher Free Androgen Index (FAI) values
(p<0.01) compared to Phenotype II. With the exception of fasting glucose levels, all other indices of insulin
resistance (fasting insulin, fasting glucose/insulin ratio, QUICKI and HOMA2IR) document an association between
Phenotype I and greater insulin resistance in overweight/obese PCOS women.
Conclusions: In conclusion, in "classical" phenotypes of polycystic ovary syndrome (PCOS), polycystic ovarian
morphology is associated with more severe hyperandrogenemia and deranged LH/FSH ratio. In overweight/obese
PCOS subjects, PCO is positively correlated with insulin resistance.
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stroma; Hyperandrogenemia; Insulin resistance

Introduction
Polycystic ovary syndrome (PCOS) is the commonest endocrine
disease of reproductive-aged women [1]. According to the National
Institute of Health (NIH) criteria (1990), PCOS is diagnosed upon the
concurrent presence of hyperandrogenism and/or hyperandrogenemia
and menstrual dysfunction, with other known disorders excluded [2].
These criteria define the so called “classical” phenotypes of the
syndrome. A broader definition was suggested by the Rotterdam
conference, sponsored by the ESHRE/ASRM in 2003, according to
which, PCOS could be defined when at least two out of the following
three features are present: oligo-anovulation, clinical and/or
biochemical hyperandrogenemia and polycystic ovarian morphology
on ultrasound [3]. There has been a long debate concerning the
definition of PCOS, disputing the role of hyperandrogenemia as a
cardinal feature of the syndrome. Additional milder phenotypes,
characterized by the presence of either hyperandrogenemia and
polycystic ovarian morphology (PCO) or anovulation and PCO have
been included in PCOS, according to the revised ESHRE/ASRM
criteria [4,5], still phenotypes that include biochemical
hyperandrogenemia and chronic anovulation (“classic” PCOS) appear
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to be the most severely affected with respect to androgen levels, insulin
resistance and obesity [5-7].
The cardinal argument in favor of the Rotterdam categorization was
the use of polycystic ovarian appearance as surrogate for classical
markers of hyperandrogenemia [8]. Although some authors [9-11]
advocate that polycystic ovarian morphology has demonstrated
satisfactory predictive value in diagnosing PCOS, this is not still
universally accepted. It has been proposed that obesity differentially
affects PCOS phenotypes. In particular, greater BMI and hip perimeter
have been positively correlated with ultrasonographic PCO
morphology, hirsutism and menstrual disorders in PCOS women
[12,13]. The aim of the present study was to evaluate the impact of
polycystic ovarian morphology in the hormonal and metabolic
features of the "classical" phenotypes of PCOS.

Materials and Methods
Subjects
The study included 1275 Caucasian women with PCOS with a mean
age of 24.25 ± 5.79 years and a mean BMI of 26.80 ± 7.03 kg/m2.
Diagnosis of PCOS was based on the 2003 Rotterdam ESHRE/ASRMSponsored PCOS Consensus criteria [2], which include at least two of
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the following: (i) oligo- and/or anovulation (ANOV), (ii) biochemical
hyperandrogenemia and/or hyperandrogenism (clinical signs of high
androgen levels) (HA), and (iii) polycystic ovaries on ultrasound
(PCO). Biochemical hyperandrogenemia was defined as serum
testosterone levels and/or serum Free Androgen Index being higher
than two standard deviations above the mean levels of a normal
control population. Clinical hyperandrogenism was defined as the
presence of hirsutism, acne, or androgenic alopecia. Hirsutism was
assessed by Ferriman-Gallwey scale (patients with scores of 8 or
greater were considered hirsute) [14].
Chronic anovulation was defined as a menstrual cycle of less than
21 or more than 35 days. Ovulation was defined as a menstrual cycle of
28 ± 2 days, and/or blood progesterone levels >5.0 ng/mL in two
consecutive cycles. Exclusion criteria were congenital adrenal
hyperplasia, androgen secreting tumors and Cushing’s syndrome. All
subjects had normal thyroid, kidney and liver function and none had
excessive alcohol intake. No woman reported use of any medication
that could interfere with normal function of the hypothalamic–
pituitary–gonadal axis during the last semester. The study complied
with the principles of the Helsinki declaration, Institutional Review
Board was obtained and all subjects provided written informed
consent.
In order to evaluate the effect of PCO morphology on the hormonal
and metabolic parameters of our PCOS patients with “classical”
phenotypes
(presenting
biochemical
and/or
clinical
hyperandrogenemia and chronic anovulation, from the whole cohort
of PCOS women two specific phenotypes, matched for age and BMI
were further analyzed: Phenotype I (n=620) which included PCOS
women with biochemical hyperandrogenemia and/or clinical
hyperandrogenemia, chronic anovulation and PCO. Phenotype II
(n=400) which included PCOS women with biochemical
hyperandrogenemia and/or clinical hyperandrogenemia and chronic
anovulation, without PCO.
Furthermore, in order to evaluate the association of both obesity
and PCO morphology with the hormonal and metabolic parameters of
the PCOS population, the studied populations of Phenotypes I and II
(n=1020) were divided in normal weight (BMI ≤ 25 Kg/m2) and
overweight/obese (BMI>25 Kg/m2). Subsequently, we compared
normal weight PCOS women of Phenotype I (n=319) with normal
weight PCOS women of Phenotype II (n=201) and overweight/obese
PCOS women of Phenotype I (n=301) with overweight/obese PCOS
women of Phenotype II (n=199). The compared subgroups had no
significant differences regarding age and BMI.

Anthropometric and hormonal measurements
Weight, height, as well as waist (W) and hip (H) circumferences
were measured in all women. Body weight was measured using
analogue scales and in light clothing; height was measured bare-foot
using a stadiometer. Body mass index (BMI, kg/m2) was calculated by
dividing weight by height squared (kg per square metre) to assess
obesity. Waist circumference (W) was obtained as the smallest
circumference at the level of the umbilicus. Baseline blood samples
were collected between days 3 and 7 of the menstrual cycle after a
spontaneous or progestin-induced bleeding episode, following an
overnight fast. At the same day, transvaginal ultrasound examination
was performed (3-D, 5-9 MHz transducer, Voluson E6-General
Electric) in order to evaluate polycystic ovarian morphology, namely
increased ovarian volume (>10 cm3), increased follicular number (12
or more follicles measuring 2-9 mm in diameter) even in a single ovary
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or increased ovarian stroma (cut-off value: 1.95 cm2) and stroma/total
area (S/A) ratio (cut-off value: 0.34) [10,11]. Mean number of follicles
and mean ovarian volume were also assessed. Ovarian volume was
calculated according to the formula: Ovarian Volume = π/6 × (ovarian
length × ovarian height × ovarian width). All ultrasounds were
performed by the same experienced clinician.
The circulating levels of follicle stimulating hormone (FSH),
luteinizing hormone (LH), Testosterone (T), Δ4 Αndrostenedione (A),
dehydroepiandrosterone-sulfate (DHEAS), 17-OH progesterone (17OH-P), sex-hormone-binding globulin (SHBG), glucose (Glu) and
insulin (Ins) were measured. The Free Androgen Index (FAI) was
calculated as Testosterone (nmol/L) × 100/SHBG (nmol/L) [15].
QUICKI index was calculated as the product of the equation 1/log
(fasting insulin) + log (fasting glucose), while HOMA2IR index
calculator was downloaded from http://www.OCDEM.ox.ac.uk.
All hormonal assays and plasma glucose determination were carried
out at the Department of Biochemistry of the Aristotle University of
Thessaloniki School of Medicine. Plasma glucose concentrations were
measured using a glucose oxidase technique with an auto analyzer
(Roche/Hitachi 902; Roche Diagnostics GmbH, Manheim, Germany).
LH and FSH levels were measured with an enzyme-linked
immunoassay (EIA), using commercial kits (Nichols Institute
Diagnostics, CA, USA). Testosterone was measured with a Direct RIA
kit (Sorin, Biomedica); Δ4 Androstenedione with a Gamma Coat
[125I] RIA kit (Incstar Corp.); DHEAS with direct RIA solid-phase
coated tubes (Zer Science Based Industries Ltd); 17-OH progesterone
with an ImmuChem Double Antibody [125I] RIA kit (ICN
Pharmaceuticals, Inc.); insulin with a Coat-A-count Insulin kit
(Diagnostic Products Corp.); and SHBG with an immunoradiometric
assay (IRMA) kit (SHBG: [125I] IRMA Kit, Orion Diagnostica). The
intra-assay coefficients of variation (CV) were 1.5% for FSH, 0.7% for
LH, 3.8% for insulin, 4.1% 200 for 17-OH progesterone, 1.3% for
testosterone, 5.9% for Δ4 Androstenedione, 9.4% for DHEAS and 5.8%
for SHBG. The average inter-assay CV were 3.2% for FSH, 1.7% for
LH, 4.4% for insulin, 6.3% for 17-OH progesterone, 2.2% for
testosterone, 9.2% for Δ4 Androstenedione, 12.1% for DHEA-S and
7.8% for SHBG.

Statistics
All statistical procedures were performed using SPSS 18.0 for
Windows (IBM SPSS Statistics, IBM software). Values are expressed as
mean ± standard deviation. Test for normality was done using
Kolmogorov-Smirnov test.
Distribution comparison between groups was done using the
independent t-test for variables following normal distribution and the
non-parametric Mann-Whitney test for variables not following normal
distribution. Bonferroni correction for multiple comparisons has been
applied. Values were considered to be statistically significant at p<0.05.

Results
The effect of PCO morphology (Phenotype Ι vs. Phenotype
ΙΙ)
Hormonal features
PCOS women of Phenotype I had higher LH levels (p<0.001), lower
FSH levels (p<0.01) and higher LH/FSH ratio (p<0.001) (Figure1).
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In addition, they had higher Testosterone (p<0.01), Δ4
Androstenedione (p<0.001) and 17-OH progesterone levels (p<0.001),
higher Free Androgen Index (FAI) values (p<0.01) and lower
Testosterone/Δ4 Androstenedione (T/A) ratio (p<0.01) (Figure 1). On
the other hand, no significant difference was observed regarding
DHEAS and SHBG levels among the two subgroups (Figure 1).

Insulin resistance
In all indices of insulin resistance studied (fasting glucose and
insulin, glucose/insulin ratio, QUICKI and HOMA2IR indices), no
significant differences were noted (Figure 1).

Figure 2: Hormonal, biochemical and ultrasound characteristics of
normal weight PCOS women of Phenotypes I and II (*p<0.01,
**p<0.001, ᵻp<0.05, otherwise p=ns. DHEAS values are multiplied
by 0.1).

Overweight/obese women (Phenotype I vs. Phenotype II)
Hormonal features

Figure 1: Hormonal, biochemical and ultrasound characteristics of
Phenotypes I and II (*p<0.01, **p<0.001, otherwise p=ns. DHEAS
values are multiplied by 0.1).

The effect of PCO morphology and obesity

Obese PCOS women of Phenotype I had higher LH levels (p<0.001)
and LH/FSH ratio (p<0.001) and a clear tendency for lower FSH levels
(p=0.062) compared to those of Phenotype II (Figure 3). In addition,
they had higher Δ4 Androstenedione levels (p<0.001) and marginal
differences in Testosterone (p=0.05) and 17-OH progesterone levels
(p=0.04), indicating a tendency towards elevated levels in Phenotype I
(Figure 3). On the contrary, no significant difference was found
concerning DHEAS and SHBG levels as well as Testosterone/Δ4
Androstenedione (T/A) ratio (Figure 3).

Normal weight women (Phenotype I vs. Phenotype II)
Hormonal features
Normal weight PCOS women of Phenotype I had higher LH levels
(p<0.001), lower FSH levels (p<0.05) and higher LH/FSH ratio
(p<0.001) compared with normal weight PCOS patients of Phenotype
II (Figure 2).
In addition, normal weight PCOS women of Phenotype I had higher
Testosterone (p<0.05), Δ4 Androstenedione (p<0.001), 17-OH
progesterone (p<0.001) and Free Androgen Index (FAI) values
(p<0.01) and lower Testosterone/Δ4 Androstenedione (T/A) ratio
(p<0.001) (Figure 1), whereas no significant difference in DHEAS and
SHBG levels was observed (Figure 2).

Insulin resistance
PCO morphology did not seem to affect insulin resistance in
normal weight PCOS subjects, with fasting glucose and insulin,
glucose/insulin ratio, QUICKI and HOMA2IR indices presenting no
significant differences between the groups (Figure 2).

Figure 3: Hormonal, biochemical and ultrasound characteristics of
overweight/obese PCOS women of Phenotypes I and II (*p<0.01,
**p<0.001, ᵻp<0.05, otherwise p=ns. DHEAS values are multiplied
by 0.1).

Insulin resistance
With the exception of fasting glucose levels, all indices of insulin
resistance (fasting insulin, fasting glucose/insulin ratio, QUICKI and
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HOMA2IR indices) document a greater impairment in insulin
sensitivity, implying an association between Phenotype I and insulin
resistance in overweight/obese PCOS women (Figure 3).

present study [24]. In the present study, the enrolment of larger
numbers of PCOS women made this association evident for
HOMA2IR as well.

Ovarian morphology

The association between obesity, IR and PCO morphology could be
explained by the contributing effect of IR on chronic anovulation of
PCOS. Insulin resistance in obese PCOS women could be attributed to
obesity as well as PCOS status per se. Insulin, through its own receptor,
acts synergistically to LH enhancing steroidogenesis in PCOS theca
cells [25], while it is also responsible for the increase of adrenal steroids
in PCOS by enhancing the sensitivity of adrenals to ACTH [26].
Actually, hyperinsulinism has been shown to exert both quantitative
and qualitative negative effects on the ovulatory status in PCOS.
Indices of insulin resistance have been correlated with both reduced
proportion of selectable follicles (6-9 mm follicles) and derangement of
granulosa cells [16,27]. Furthermore, androgenic effect on excessive
recruitment of small follicles has been shown to be mediated by upregulation of granulosa cell insulin-like growth factor receptor [28].
On the other hand, it seems that hyperinsulinism and/or insulin
resistance could not be the primary cause of anovulation of PCOS,
since contradictory data dispute the establishment of a strong
relationship between hyperinsulinism and anovulation. Consequently,
hyperinsulinism and/or insulin resistance has been viewed as an
unspecific "second hit" that further worsens follicular arrest [16]. In
conditions of severe hyperandrogenism, such as "classical" phenotypes
of PCOS, the relationship between insulin resistance and follicular
abnormalities seems to be overshadowed by the strong impact of
increased androgen levels on follicular arrest and becomes apparent
only by the additive effect of obesity.

Finally, as expected by definition of the study groups, women of
Phenotype I had increased mean number of follicles (p<0.001) and
mean ovarian volume (p<0.001) compared to patients of Phenotype II,
regardless of BMI based sub-classification (Figures 1-3).

Discussion
In the present study, polycystic ovarian morphology (PCO) on
ultrasound tended to be associated with increased androgen and LH
levels and impaired LH/FSH ratio. When dividing PCOS women into
lean and overweight/obese, PCO on ultrasound tended to be
associated with increased insulin resistance (IR) in overweight/obese,
but not in lean PCOS women.
Strong evidence supports the relationship between ovarian follicle
abnormalities and increased androgen levels. Excessive recruitment of
small follicles could be attributed to intra-ovarian hyperandrogenism
[16]. A positive correlation between the number of follicles of 2-5 mm
in diameter and both testosterone and androstenedione levels has been
reported [17]. On the other hand, follicular arrest could be indirectly
androgen dependent given that follicles of 2-5 mm in diameter have
been considered as the strongest independent determinant of follicular
arrest. Although testosterone levels have been reported to be
significant predictors of increase in stroma amount as well as follicular
number and ovarian volume [18], serum testosterone levels have not
been shown to be a significant independent determinant of follicular
arrest [16]. The latter is contradictory with the established correlation
between hyperandrogenemia and oligoanovulation [19]. However,
oligomenorrhea has been reported in some patients with PCO without
overt hyperandrogenism [20], while normal menstrual cycles occur in
patients with PCO and hyperandrogenism [21]. Therefore, it could be
speculated that serum hyperandrogenism is not a prerequisite for the
existence of intra-ovarian hyperandrogenism. Hyperandrogenism
exerts an indirect effect on follicular arrest via 2-5 mm follicle excess
[16]. Consequently, follicular number could serve as surrogate for
hyperandrogenism and oligoanovulation in PCOS. Biochemical
indices of hyperandrogenism that characterize PCOS have been
reported to be highly associated with echogenic features of PCO [7,22].
Higher androstenedione levels have been demonstrated in women with
PCOS as well as healthy women with PCO as the sole finding
compared to women with normal ovaries [23]. Indeed, the results of
the present study confirm the above findings by depicting increased
serum Testosterone, Δ4 Androstenedione and 17-OH progesterone in
PCOS women with PCO morphology compared to PCOS women
without PCO.
When dividing PCOS women according to their BMI, a statistically
significant strong positive relationship between PCO and indices of
insulin resistance in phenotypes I and II was documented in
overweight/obese PCOS women. Overweight/obese women with
phenotype I had marginally higher circulating androgens than women
with phenotype II and appeared to be more insulin resistant than the
latter as evidenced by HOMA2IR and QUICKI indices of insulin
resistance, as well as by glucose to insulin ratio. The same findings,
concerning only the QUICKI index of IR have been documented in a
recent study of our group including 1/3 of the women enrolled in the
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The role of ovarian ultrasound in the diagnosis of PCOS has been
largely debated over the last decade. Although polycystic ovarian
morphology was included in the Rotterdam criteria for the definition
of the syndrome, many clinicians remain skeptical regarding its
significance, as it is a common finding in healthy women (up to 25%)
and the documentation of its presence depends on the examiner.
Furthermore, the strong correlation of hyperandrogenemia with
adverse metabolic outcomes has led to the latter gaining the central
role in PCOS diagnostic criteria, with Androgen Excess Society
defining PCOS as a “predominantly hyperandrogenic syndrome” in its
position statement [29]. However, various studies have proven that
polycystic ovarian morphology on ultrasound (PCO) correlates well
with serum and, more importantly, intra-ovarian hyperandrogenism
which play a key role in follicular arrest and anovulation characterizing
PCOS. The results of our study confirm the above, showing a
correlation of PCO with more severe hyperandrogenemia in “classical”
PCOS phenotypes and with insulin resistance in overweight/obese
patients. More studies are needed in order to clarify whether ovarian
ultrasound could be useful as a marker of increased risk for adverse
hormonal and metabolic parameters in women with “classic” PCOS.
A possible limitation of our study is that, due to limited accuracy of
the ultrasound used, we were not able to obtain meaningful
measurements from our patients regarding ovarian stroma and
stroma/total area to help us classify them to phenotype I or II. Hence,
such results are not mentioned.
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