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ABSTRACT

AIMS: 1. To study the distribution of various Rotterdam classified phenotypes of
polycystic ovarian syndrome (PCOS) women, in our population. 2. To compare the four
phenotypes with respect to anthropometric, clinical, and metabolic parameters. 3. To
report the prevalence of insulin resistance (IR) and metabolic syndrome in these women.
SETTINGS AND DESIGN: Private practice, Prospective cross-sectional comparative
study. MATERIALS AND METHODS: Women attending gynecology outpatient
with the primary complains of irregular menses and/or infertility were evaluated.
Each of them underwent detailed clinical examination, transvaginal sonography, and
biochemical and hormonal assays. Four hundred and ten women with a clinical diagnosis
of PCOS based on Rotterdam criteria were included in the study. The four phenotypes
were 1) PCO complete, that is oligo/anovulation (O) + polycystic ovaries (P) +
hyperandrogenism (H) 2) P + O, 3) P + H, and 4) O + H. All women were also evaluated
for metabolic syndrome (American Heart Association/National Heart, Lung, and Blood
Institute (AHA/NHLBI), modified Adult Treatment Panel (ATP) III 2005 guidelines) and
IR (homeostatic model assessment-IR (HOMA-IR)). STATISTICAL ANALYSIS: Statistical
Package for Social Sciences (SPSS) version 18. RESULTS: Largest group was PCOS
complete (65.6%) followed by P + O (22.2%); H + O (11.2%); and P + H (0.9%).
Overall prevalence of metabolic syndrome was 35.07%. Hyperandrogenic phenotyptes;
H + O (50%) and P + H + O (37.04%), had significantly higher prevalence of metabolic
syndrome than normoandrogenic P + O phenotype (10%) (P < 0.001). Body mass
index (BMI) = 25 (P = 0.0004; odds ratio (OR) = 3.07 (1.6574-5.7108, 95% CI)),
waist circumference (WC) = 80 cm (P = 0.001; OR = 3.68 (1.6807-8.0737, 95% CI))
and family history of diabetes (P = 0.019; OR 1.82 (1.1008-3.0194, 95% CI)), were
strongly associated with the presence of metabolic syndrome. The overall prevalence
of IR in PCOS women was 30.44% (HOMA-IR cutoff = 3.8) and 34.94% (HOMA-IR
cutoff = 3.5). CONCLUSIONS: The prevalence of metabolic syndrome and IR was 35.07
and 30.44%, respectively. The hyperandrogenic phenotypes have significantly higher
metabolic morbidity compared to normoandrgenic phenotype. BMI > 25, WC = 80 cm,
and family history of diabetes carry the highest risk for developing metabolic syndrome.
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Polycystic ovarian syndrome (PCOS) was
first described by Valisnere in 1721M as,
“Young, married peasant women, moderately
obese, and infertile with two larger than
normal ovaries, bumpy, shiny and whitish,
just like pigeon eggs”. In 1935, Stein and
Leventhal published a case series of seven
women with amenorrhea, hirsuitism,

commonest endocrinopathies in women
of reproductive age causing significant
menstrual and fertility issues and over the past
few decades its metabolic, cardiovascular, and
reproductive risks have become apparent.”!

In spite of tremendous scientific interest and
research, controversy continues regarding
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almost all aspects of PCOS. Diagnosis, prevalence, etiology,
pathophysiology, management, long-term risks, etc., Also,
clinical and biochemical features of these women may vary
according to race, ethnicity, and criteria used for diagnosis.!
Diagnosis of PCOS continues to be controversial primarily
because of the heterogenous nature of the condition which
may change during the lifetime of the woman. Currently,
the commonest criteria used for diagnosis of PCOS is
the “Rotherdam criteria” which includes any two of the
following three features:

1) Oligo/anovulation (O), 2) clinical and/or biochemical
hyperandrogenemia (H), 3) polycystic ovaries on
ultrasound (P), with exclusion of other known disorders
of hyperandrogenemia. This generates four different
phenotypes: 1) P + H + O (PCOS complete), 2) P + O, 3)
H + O, and 4) P + H (5). Diagnosis of PCOS is important,
because it is associated with increased risks of insulin
resistance (IR), noninsulin dependent diabetes mellitus
and metabolic syndrome. All of which have long-term
consequences.?'PCOS women have a 11-fold higher risk of
having metabolic syndrome, which is a cluster of endocrine
disturbances like IR, dyslipidemia, obesity, hypertension,
atherosclerosis, and endothelial dysfunction,!*'”! compared
to age matched controls.!"!! The original National Cholesterol
Education Program-Adult Treatment Panel III (NCEP-ATP
II) criteria in 2001 defines metabolic syndrome as the
co-occurrence of three or more of the following risk factors:1)
Waist circumference (WC) > 88 cm in women, 2) blood
pressure >130/85 mmHg, 3) fasting serum glucose >110
mg/dl, 4) fasting serum triglyceride 2150 mg/dl, and 5)
fasting high density lipoprotein <50 mg/d1.["! Currently,
modified American Heart Association/National Heart,
Lung, and Blood Institute (AHA/NHLBI) definition (ATP
III 2005) includes the following changes: 1) Defining the
ethnic specific difference in central obesity by using the
World Health Organization (WHO) recommendation for
WC as 280 cm in Asian women and 2) reduced threshold
for impaired fasting glucose to 100 mg/dl in accordance
with American Diabetes Association revised definition.™!

Hyperinsulinemia and IR are thought to be key pathological
factors for PCOS and metabolic syndrome."*®! IR is a
metabolic disorder characterized by impairment of insulin
function. Diagnosis of IR is not standardized.!"s! Many
techniques are followed, for example: Fasting plasma
glucose, 2 h 75 g oral glucose tolerance test (OGTT),
glucose/insulin ratio, homeostasis model assessment for
IR (HOMA-IR), quantitative insulin sensitivity check
index (Quiki) and euglycemic hyperinsulinemic clamp
which is considered the gold standard.!"”'®! Superiority of
one over the other is not established. In the present study,
HOMA-IR was used to diagnose IR. Prevalence of acanthosis
nigricans was also reported. Acanthosis nigricans is a brown
to black poorly defined; velvety hyperpigmentation of the
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skin; usually present in the posterior and lateral folds of
neck, axilla, and groin. This clinical finding correlates well
with IR."I

The prevalence of metabolic syndrome and IR in PCOS
has been studied in very few different populations and
ethnic groups. Also, there are limited data on differences
between various phenotypes with respect to long-term
metabolic risk. Especially the newer phenotypes generated
by the Rotterdam criteria are inadequately studied and
reported. This study was undertaken to characterize the
various phenotypes of PCOS. Their distribution, clinical,
anthropometric, and biochemical features and to report the
prevalence and risk factors for metabolic syndrome and IR
in the different phenotypes on our population.

MATERIALS AND METHODS

This prospective cross-sectional comparative study was
conducted from January 2009 to December 2012, in a
private hospital with a large gynecologic practice. All
women in the reproductive age group (18-45) with the
primary complains of menstrual irregularities with or
without infertility were evaluated in detail for PCOS.
All those with a final diagnosis of PCOS were included
in the study. PCOS was diagnosed according to the
2003 Rotterdam criteria (European Society of Human
Reproduction and Embryology/American Society for
Reproductive Medicine (ESHRE/ASRM) PCOS consensus
workshop group) with at least two of the following
three features; (i) oligo or anovulation (ii) clinical and/
or biochemical hyperandrogenism, and (iii) ultrasound
appearance of polycystic ovaries. Four hundred and ten
women with PCOS qualified for the study.

All participants gave written informed consent and this
study was approved by our ethics committee.

All anthropometric measurements were done following
standard protocol and calibrated instruments by a single
technician. All clinical findings like F-G score, acanthosis
nigricans, galactorrhea, etc., were evaluated by single
gynecologist. All sonographies were performed by single
gynecologist (author) (voluson E8). All biochemical and
hormonal tests were carried out in the laboratory of the
private hospital where this study was conducted (miniVidas,
bioMerieux), except serum sex hormone binding
globulin (SHBG) and free testosterone, which were
outsourced to a standard national laboratory (Thyrocare
Technologies Limited). Evaluation of reports and final
diagnosis of PCOS was made by single gynecologist (author).

Oligo and anovulation was defined as: Menstrual cycles
<21 days or >35 days, clinical hyperandrogenism was
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defined as modified Ferriman Gallway score >8. Biochemical
hyperandrogenism as a free androgen index (FAI) of >4.5
(total testosterone, nmol/l/SHBG, nmol/l x 100). Polycystic
ovary was defined as 212 follicles per ovary and/or ovarian
volume >10 cm?. All participants gave fasting (>12 h) blood
samples for plasma glucose, insulin, lipid profile, follicle
stimulating hormone (FSH), luteinizing hormone (LH),
prolactin, thyroid stimulating hormone (TSH), total
testosterone, and SHBG. Sonography was performed in
early follicular phase. Metabolic syndrome was defined
according to the modified AHA/NHLBI ATP III (2005)
definition. It was diagnosed if at least three of the following
five features were present: 1) WC of > 80 cm, 2) blood
pressure of >130/85 mmHg, 3) fasting blood sugar of
2100 mg/dl, 4) triglycerides of 2150 mg/dl, and 5) high
density lipoprotein (HDL) of <50 mg/dl.

IR was estimated using the HOMA-IR (fasting insulin
uU/ml x fasting glucose (mg/dl)/405). IR was present with
a HOMA-IR value of 23.8.

Statistical analysis

Quantitative variables were expressed as mean + standard
deviation (SD) and were compared between groups using
one way analysis of variance (ANOVA), ANOVA, and
“Tamhane” post hoc statistical tests. Quantitative variables
were expressed as frequencies in percentages and were
analyzed by %2 tests. Multivariate logistic regression
analysis was used to examine independent predictors of
metabolic syndrome. Statistical analysis was done using
SPSS version 18. A P value of less than 0.05 was considered
statistically significant.

RESULTS

The largest phenotypic group was women with all three
features, that is, PCO complete P+ O+ H (65.6%). Followed
by P + O (22.2%), the normoandrogenic phenotype; and
then H+O (11.2%), the non-PCO phenotype. The ovulatory
phenotype, H + P was the least common (0.9%). The mean

and SD of clinical and demographical characteristics
of these four phenotypes are presented in Table 1. The
hyperandrogenic phenotype, thatis, P+ O+ H, H+ O, as
defined by National Institute of Child Health and Human
Development (NICHD, 1990) comprised 76.8%. The
newer phenotypes which were added after the Rotterdam
criteria (2003), that is, P + O and P + H comprised 23.1%.

The overall prevalence of metabolic syndrome was 35.07%.
In the hyperandrogenic anovulatory phenotype H + O
metabolic syndrome was present in 50% of women. In
PCO complete P+ H + O 37.4% and in P + O phenotype the
prevalence of metabolic syndrome was low, that is, 10%.

Clinical and biochemical parameters of PCOS women with
and without metabolic syndrome was compared [Table 2].
There was statistically significant difference between
the two groups in age (P = 0.013), BMI (P < 0.0004),
WC (P < 0.0003), waist-hip ratio (W/H) (P = 0.014), serum
fasting insulin (P = 0.0004), total cholesterol (P = 0.004),
triglycerides (P = 0.03), and systolic and diastolic blood
pressure (P <0.00003 and 0.0005, respectively).

The prevalence of metabolic syndrome increased with
age [Figure 1] and with increasing BMI [Figure 2]. The age
adjusted prevalence of metabolic syndrome in different
phenotypes is shown in Figure 3.

In obese women (BMI>30), prevalence of metabolic syndrome
was 41%, against 13.3% in lean women (BMI <24.9). Overall
62.5% of PCOS women were overweight, 73.9% had WC
above the cutoff of >80 cm. Acanthosis nigricans was
detected in 37.5% of all PCOS women. In women with
metabolic syndrome and IR, approximately 65% women
showed this classic sign.

Logistic regression analysis showed that BMI (OR = 3.07
(1.65-5.71 95% CI); P = 0.0004), WC = 80 cm (OR = 3.68
(1.68-8.07 95% CI); P =0.001), acanthosis nigricans (OR 3.53
(2.10-5.9295% CI); P <0.0001) and family history of diabetes

Table 1: Anthropometric and clinical data of different polycystic ovary syndrome phenotypes

Group I Group 11 Group I1I Group IV P value
P+H+O N=269 (65.6%) P+0O N=91 (22.2%) H+0 N=46 (11.2%) P+H N=4 (0.9%)

Age 24.08+4.12 24.4143.64 24.93+3.97 26.5+6.24 0.3349
Weight 64.36+10.83 60.31£12.6 65.16+:11.94 61+13.51 0.0199
BMI 26.9+5.59 26.95£5.6 31.47+£3.2 24.93+4.12 0.0949
wC 87.38+10.89 82.3+14.5 85.77£15.35 89.25+17.69 0.0101
HC 96.87+12.52 94.88+13.57 97.88+10.38 98.75+10.34 0.04886
FBG 95.25+12.54 90.18+8.39 94.55+15.8 92+13 0.0908
Fasting insulin 14.14+9.88 10.32+7.48 16.85+14.05 2.52 0.0547
HOMA-IR 3.4342.71 2.9+2.2 4.19+3.05 0.5 0.1726
HDL-C 40.5£9.61 39.47+£5.2 39.32+4.35 40.1 0.8927

BMI=Body mass index; WC=Waist circumference; FBG=Fasting blood glucose; HOMA-IR=Hhomeostatic model assessment-insulin resistance; HDL-C=High density lipoprotein-cholesterol;
O=0ligo/anovulation; H=Clinical and/or biochemical hyperandrogenemia; P=Polycystic ovaries on ultrasound
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(OR=1.82(1.10-3.01 95% CI); P=0.02), were associated with
the risk of having metabolic syndrome [Table 3].

IR (HOMA-IR > 3.8) was present in 30.44% of all PCOS
women. Since there is no consensus on cutoff levels of
HOMA-IR to define presence of IR, multiple cutoffs of
HOMA-IR were used. With a HOMA-IR cutoff of 23.5
and >2.5, IR was present in 34.95 and 50.52% of PCOS
women, respectively. Prevalence of IR varied in different
phenotypes. It was highest in hyperandrogenic anovulatory
phenotype H + O (35.13%) followed by P + H + O (31.58%)
and P + O (21.05%).

DISCUSSION

The phenotypic distribution in our study in order of
decreasing prevalence was: P+ O + H; P + O; O + H; and
P+H (65.6,22.2,11.2, and 0.9%, respectively). In few similar
studies the phenotypic distribution was quite similar.

Table 2: Clinical and biochemical parameters of
polycystic ovary syndrome women with and without
metabolic syndrome

With MetS Without  Z-score P value
N=144 MetS N=266

Age (years) 25274441  23.99+3.86 2.3 0.0131
Weight (kg) 70.18£12.28  62.4+10.86 3.3 <0.0001
BMI (kg/m?) 29.1844.63  26.52+4.39 4.58 <0.0004
WC (cm) 92.24+11.36 84.11x12.72 525 <0.0003
W/H 0.87+0.06 0.85+0.06 2.63  0.0145
FG score 17.64+6.64  16.07+8.11 1.74  0.1131
Total testosterone  66.83+47.31  79.3+36.92 2.19  0.5317
Free testosterone 1.81+1.38 0.09+0.4 6.14  0.0537
Serum insulin 17.12+10.54  12.5547.74 3.6 0.0004
SBP (mmHg) 122.43£10.64 116.72+8.67 4.4 <0.0003
DBP (mmHg) 75.05+10.05  70.88+8.94 3.83  0.0005
Total cholesterol  178.97+39.52 164.424+29.82 3.08  0.0038
HDL 41.81+£12.45  39.49+6.11 1.65 0.088
TG 135.99+£52.12 116.47+£38.5 3.14  0.0044
SHBG 23.94+12.06 23.82+14.44  0.07 0.985

MetS=Metabolic syndrome, BMI=Body mass index; WC=Waist circumference; W/H=Waist-
hip ratio; SBP=Systolic blood pressure; DBP=Diastolic blood pressure; HDL=High density
lipoprotein; TG=Triglyceride; SHBG=Sex hormone binding globulin

Table 3: Logistic regression analysis showing the
predictive association of clinical variables and presence
of metabolic syndrome

Risk factor Odds P value 95% CI
ratio for OR
Age>25 2.0170  0.0072  1.2092-3.3645
BMI>25 3.0765  0.0004  1.6574-5.7108
Waist-hip ratio >0.85 1.8954  0.0173  1.1194-3.2095
Waist circumference >80 cm  3.6836  0.0011 1.6807-8.0737
FG score >8 3.1658  0.0199  1.2002-8.3503
Acanthosis 3.5397 <0.0001 2.1037-5.9559
Family history of diabetes 1.8231  0.0196  1.1008-3.0194

BMI=Body mass index; Cl=Confidence interval

Turkish population 44.09, 14.17, 18.9, and 14.1%; Bulgarian
53.6, 11, 12.8, and 22.6%; United States 58, 13, 14, and 14%;
and Iranian 32.1, 46.8, 14.8, and 6.3%, respectively.?*%!
PCO complete (P + O + H) was the largest group in most
reports. Normoandrogenic phenotype (P + O) comprised
a significant proportion of PCOS women. Ovulatory
phenotype P + H, was the least common group, possibly
because these woman are mostly asymptomatic and
unlikely to present in gynecology outpatient. Also, women
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Figure 1: Distribution of metabolic syndrome by age
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Figure 2: Distribution of metabolic syndrome by body mass index
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Figure 3: Age adjusted prevalence of metabolic syndrome in different
polycystic ovary syndrome phenotypes
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with hyperandrogenic symptoms like acne and hirsutism
are more likely to consult dermatology.

The overall prevalence of metabolic syndrome in our
population of PCOS women was 35.07%. Similar studies from
different populations have reported prevalence of metabolic
syndrome. American 43-46%,M Italian 8.2%,1?* Iranian
24.9%,1%! German 33.8%,'*! and Indian 46.2 and 37.5%.126%7]

The differences in the above studies may be as a result
of different body weights, dietary habits, lifestyle,
and genetic factors in different countries and ethnic
groups. Also different criteria for diagnosis of metabolic
syndrome like NCEP ATP III and International Diabetic
Federation (IDF) criteria. A recent consensus definition
incorporating IDF and AHA/NHLB risk factors have been
introduced.® Our study has used this definition for the
definition of metabolic syndrome. Thus, our findings
are comparable with the other Indian study®” reporting
37.5% prevalence of metabolic syndrome in PCOS women
with infertility.

Our study also aimed to characterize and compare the
prevalence of metabolic complications of the four PCOS
phenotypes. The hyperandrogenic phenotypes had a four- to
five-fold higher (37-50%) prevalence of metabolic syndrome
compared to the non-hyperandrogenic phenotype (10%).
Suggesting that P + O created by the Rotterdam criteria,
one of the new phenotypes, have a mild metabolic profile.
Many studies have reported similarly.[?223

IR, hyperinsulinemia, and hyperandrogenemia are likely
pathogenic factors in PCOS.B*! Polycystic morphology
on ultrasound, its mechanism and importance is not
understood. Studies however report lower incidence of
metabolic syndrome, IR, lower cholesterol, and low density
lipoproteins in women with PCO ovary.[?>23293034]

In our study obese women (BMI >30) had three- to four-fold
higher prevalence of metabolic syndrome compared to
lean women (BMI < 24.9), 41 vs 13.3%, which is similar to
other studies.®*? Surprisingly, Shroff et al.,** reported
not a single case of metabolic syndrome PCOS women
with BMI < 30. In our lean PCOS women with metabolic
syndrome the major components were; abnormal WC and
low HDL cholesterol. Thus, significant number of lean
women had abnormal WC and W/H ratio.

IR was reported based on HOMA-IR values, which could
be one of the limitations of this study. Diagnosis of IR is
not standardized.P™ The gold standard for establishing
IR is euglycemic hyperinsulinemic clamp. However, this
elaborate procedure is not suitable as a screening method.
HOMA-IR calculation correlates very well with euglycemic

hyperinsulinemic clamp and is often used as a surrogate
marker. However, the cutoff or threshold values for
HOMA-IR are not established. Using a cutoff of 3.8 may
under estimate the true prevalence of IR.'***l Approximately,
50-70% of all women with PCOS have some degree of IR.1**!
True prevalence is difficult to determine with no universally
accepted parameter to measure IR. As reported by us using
different cutoff for HOMA-IR, the prevalence may range
from 30 to 50%.

Currently there is lack of consensus on how best to evaluate
insulin sensitivity. Homeostatis measurements (fasting
glucose/insulin ratio or HOMA-IR values) and minimal
model tests (OGTT) represent the easiest screening
methods.?! Possibly OGTT is the best, simple test to
provide information about both IR and glucose intolerance.
Diagnosis of glucose intolerance gives greater scope for
treatment options and prognosis. So, from clinical prognosis
and management point of view doing 75 g 2 h OGTT is
the most informative. HOMA-IR is not of much practical
importance.

Multivariate logistic regression analysis showed that
age 225 years, WC = 80 cm, and BMI and family history of
diabetes were strong risk factors for metabolic syndrome.
These correlate well with other studies which concluded
that WC is closely related with obesity related risk factors
as compared with BML.%7

The major limitations of our study is the absence of control
group which should be age and BMI matched to the
PCOS group. Nonavailability of educated and informed
volunteers to participate in such studies is the main hurdle.

CONCLUSION

An appropriate diagnosis of PCOS and accurate
identification of phenotype is very important as it has
long-term health implications for women. These women
need to be informed and counseled about their present
and long-term risks. Our study is the first to characterize
phenotypes of PCOS in a large cohort of women and
to show the data of various metabolic complications
of these phenotypes. Our findings highlights that
normoandrogenic phenotype has least metabolic risks.
Also, significant proportion of lean PCOS women have
abnormal WC, W/H ratio, and metabolic abnormalities.
Therefore, we recommend screening all PCOS women
for metabolic abnormalities.
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