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of the European Society of Human Reproduction 
and Embryology (ESHRE) and the American 
Society of Reproductive Medicine (ASRM), held 
in Rott erdam in May 2003. This included the 
presence of two of the following three criteria: 
(a) oligo and/or anovulation, (b) polycystic 
ovaries on USG and (c) hyperandrogenism 
(clinical and/or biochemical), with the exclusion 
of other etiologies. The morphology of the 
polycystic ovary has been redefi ned as an ovary 
with 12 or more follicles measuring 2–9 mm in 
diameter and/or increased ovarian volume (more 
than 10 cm3).[2]

Recent insights into the pathophysiology of PCOS 
have shown that insulin resistance is a key feature 
and predisposes to type two diabetes mellitus 
in the long run. Higher levels of plasminogen 
activator inhibitor (PAI) type one, decreased 
vascular relaxation and endothelial dysfunction 

INTRODUCTION

Polycystic ovarian syndrome (PCOS) aff ects four 
to 12% women of reproductive age.[1] In 1935, 
Stein and Leventhal fi rst described the association 
of polycystic ovaries, amenorrhea, hirsutism, 
and obesity. The key features necessary for the 
diagnosis of PCOS were detailed at a conference 
convened by the National Institute of Health 
in 1990 and they were menstrual dysfunction 
and hyperandrogenism, with exclusion of other 
causes of hyperandrogenism (congenital adrenal 
hyperplasia, androgen-secreting tumors, and 
hyperprolactinemia). Probable criteria included 
perimenarchal onset, insulin resistance, elevated 
leutenizing hormone to follicle-stimulating 
hormone ratio and polycystic ovaries by 
ultrasonography (USG).[1]

PCOS was redefi ned at a joint consensus meeting 
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ABSTRACT

AIMS: To study the prevalence of clinical manifestations in obese and lean polycystic ovarian syndrome 
(PCOS) women and their health hazards. SETTINGS AND DESIGN: This prospective study was carried 
out in a tertiary care infertility clinic from 1.7.2005 till 31.12.2007. MATERIALS AND METHODS: These 
women were diagnosed to have PCOS by the European Society of Human Reproduction and Embryology and 
the American Society of Reproductive Medicine, Rotterdam 2003 criteria. They were further divided into two 
groups according to their body mass index (BMI): Group A (n = 300), overweight and obese with BMI >23 
and Group B (n = 150), normal weight and lean with BMI ≤23. STASTICAL ANALYSIS AND RESULTS: 
The prevalence of menstrual irregularities [79.2% vs. 44%, P= 0.000, 95% confidence interval (CI) 
= 0.26–0.44)] and clinical hyperandrogenism (74.2% vs. 50.6%, P= 0.000, 95% CI=0.14–0.32) was 
signifi cantly higher in the obese group, whereas android central obesity (waist to hip ratio >0.85) was 
similar in both groups, irrespective of body weight (47.7% vs. 38%, P= 0.056, 95% CI=0.06 to +0.18). 
Comparative data of various health manifestations in lean vs. obese women with POCS [Table 4]. Of the 
health risk manifestations, hypertension occurred in both groups with a similar frequency (41% vs. 35.5%, 
P= 0.261, 95% CI=0.03 to +0.15). Group A showed an increased prevalence of IGT (25% vs. 10%, 
P= 0.000, 95% CI= 0.13–0.29) and type two diabetes mellitus (11.7% vs. 6%, P= 0.000, 95% CI= 0.13–0.29) 
as compared with group B. endometrial hyperplasia (EH) also showed an increase prevalence in Group A 
compared with Group B (5.6% vs. 2%, P= 0.055, 95% CI= 0.01–0.08), although not statistically significant. 
CONCLUSION: PCOS emerges as a clinically heterogeneous condition with increased prevalence of health 
risks such as hypertension, diabetes and EH. Of these, diabetes and EH appear to be more prevalent in 
the obese, putting them at a greater risk of morbid problems at a much younger age than the lean ones.
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result in increased risk of hypertension and coronary 
artery disease. Chronic anovulation leads to a higher 
risk of developing endometrial hyperplasias (EHs), with 
or without cytological atypia as a sequel to unopposed 
estrogen exposure in the absence of progesterone.[1]

The aim of this study was to study the prevalence 
of clinical manifestations and health risks in obese 
and lean PCOS women; primarily, impaired glucose 
tolerance (IGT) and diabetes, menstrual irregularity, and 
clinical hyperandrogenism and, secondarily, EH, android 
obesity and hypertension.

MATERIALS AND METHODS

Observational study
To calculate the sample size, predicted prevalence of 
diabetes (7.5% vs. 1.5%) and IGT (31% vs. 10.3%) in the two 
groups obese vs. nonobese was taken into account. Sample 
size calculation was performed using soft ware SPSS13 
(SPSS Inc., 233 South Wacker Drive, 11th fl oor, Chicago IL 
60606-6412), taking the power of the study to be 100% for 
the primary manifestations/risks.

Description of the source population: This study was 
conducted on northern Indian women in the reproductive 
age group (18–42 years) att ending an infertility clinic at a 
tertiary hospital from 1.7.2005 till 31.12.2007.

Menstrual history was taken. Patients were screened for 
clinical signs of hyperandrogenism (acne, oily skin, and 
hirsutism) and transvaginal USG (probe 7 Megahertz) was 
undertaken to look for evidence of polycystic ovaries.

Eligibility criteria: Of all the women att ending the infertility 
clinic, 450 women satisfying the ESHRE and ASRM criteria 
for PCOS were included in our study.[2]

These women were further separated into two groups 
according to their body mass index (BMI): Group A, obese and 
overweight – BMI > 23 (n = 300) and Group B, normal weight 
and lean – BMI ≤ 23 (n = 150). The World Health Organization 
committ ee examined data from 10 Asian countries and thus 
narrowed the range for acceptable, normal, or optimum BMI 
to 18.5–23 kg/m2 for the Asian population.[3]

Technical information: Work-up of patients
1. Menstrual history.
2. Screening for clinical signs of hyperandrogenism (acne, 

oily skin, and hirsutism). Only 17-hydroxy progesterone 
(17-OHP) and dehydro-epiandrosterone sulfate 
(DHEAS) levels were examined to rule out congenital 
adrenal hyperplasia. All patients had normal values of 
17-OHP (<2 ng/ml) and DHEAS (<7 ng/ml).

3. Height was measured without shoes against a wall-fi xed 
tape.[4]

4. Weight with light clothing and without shoes on a 
platform scale with a 1.5 kg subtraction to correct 
for clothing weight. The BMI was calculated as 
weight/ height2 (kg/m2).[4]

5. Android obesity (waist to hip ratio >0.85): Waist 
circumference was measured at the level of the 
umbilicus without clothing and in standing position in 
inches. Hip circumference was measured at the utmost 
circumference with undergarment in inches.[4]

6. Blood pressure: Two separate measurements 6 h apart.[5]

• Prehypertension: Systolic pressure ranging from 
120 to 139 mmHg or a diastolic pressure ranging 
from 80 to 89 mmHg.

• Stage 1 hypertension: Stage 1 hypertension is a 
systolic pressure ranging from 140 to 159 mmHg or 
a diastolic pressure ranging from 90 to 99 mmHg.

• Stage 2 hypertension: The most severe hypertension, 
stage 2 hypertension, is a systolic pressure of 
160 mmHg or higher or a diastolic pressure of 100 
mmHg or higher.

7. Oral glucose tolerance test: 100 g of glucose, venous 
sample (ACOG criteria).[6]

• IGT: Fasting glucose levels >110 mg/dl (6.1 mmol/l) 
but <126 mg/dl (7.0 mmol/l); 2-h postglucose load 
levels: 140–200 mg/dl.

• Diabetes mellitus: Fasting glucose levels >126 mg/dl 
(7.0 mmol/l); 2-h postglucose load levels >200 mg/dl.

8. USG on day 3 of the menstrual cycle or withdrawal of 
bleed.

9. Hysteroscopy D+C: Those with endometrial thickness 
(ET) on day 3 of the cycle more than 4 mm on USG 
underwent hysteroscopy D+C and histopathological 
evaluation of the endometrium.

There were no dropouts from the clinical trial.

The statistical methods that were used for categorical variables 
were χ2 test and Fischer’s exact test (soft ware SPSS13).

RESULTS

Age-wise distribution of patients [Table 1].

All the 450 women showed ultrasound evidence of 
polycystic ovaries. Three hundred forty-four women (76.4%) 
showed oligo/anovulation, 299 women (66.4%) showed 
hyperandrogenism (clinical) and 175 women (38.8%) 
showed both the features.

Distribution of patients according to BMI [Table 2].

Comparative data of various clinical features in lean vs. 
obese women with POCS [Table 3].
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Table 1: Age-wise distribution of patients
Age group No. of patients (n = 450)

Group A Group B Total (%)
Obese (n = 300) Lean (n = 150)

Less than 20 02 02 04 (0.9)
21 − 25 43 25 68 (15.1)
26 − 30 157 79 236 (52.5)
31 − 35 81 31 112 (24.8)
36 − 40 17 11 28 (6.2)
More than 41 - 02 02 (0.5)
Mean age in years 29.1 28.4

Table 2: Distribution of patients according to body mass 
index
Body mass index No. of patients 

n = 450 (%)
Group A

Obese:
More than 27.5 169 (37.5)

Overweight:
23 − 27.5 131 (29.1)

Total 300 (66.6)
Group B

Normal weight:
18.5 − 23 134 (29.8)

Lean:
Less than 18.516 (3.6%)

Total 150 (33.4)

Table 3: Comparative data of various clinical features 
in lean vs. obese women with polycystic ovarian 
syndrome

Group A Group B P-value
Obese

n = 300 (%)
Lean

n = 150 (%)
Odds ratio

95%CI
Mean age in years 29.1 28.4
Waist to hip ratio: P−0.056

(OR – 1.486, 
0.99−2.21)

> 0.85 143 (47.7) 57 (38) (Power 88%)
≤ 0.85 157 (52.3) 93 (62)

Menstrual cycles: P−0.000
(OR – 4.88, 
3.18-7.48)

Abnormal 238 (79.2) 66 (44) (Power 100%)
Withdrawal 
bleed

126 (42) 14 (9.4)

Delayed 78 (26) 21 (14)
Early 23 (7.6) 27 (18)
Variable 11 (3.6) 04 (2.6)

Normal 62 (20.8) 84 (56)
Oligo-ovulation 18 (6) 22 (14.6)
Normal 
ovulation

44 (14.8) 62 (41.4)

Clinical 
hyperandrogenism:

P−0.000
(OR–2.82, 
1.86–4.25)

Clinical 
hyperandrogenism 
present

223 (74.2) 76 (50.6) (Power 100%)

Hirsutism 101 (33.6) 42 (28)
Acne & oilyskin 122 (40.6) 34 (22.6)
Hirsutism, acne 
& oily skin

56 (18.6) 25 (16.6)

Clinical 
hyperandrogenism 
absent

77 (25.8) 74 (49.4)

OR = Odds ratio

The prevalence of menstrual irregularities [79.2% vs. 44%, 
P=0.000, 95% confi dence interval (CI) = 0.26–0.44)] and 
clinical hyperandrogenism (74.2% vs. 50.6%, P=0.000, 95% 
CI=0.14–0.32) was signifi cantly higher in the obese group, 
whereas android central obesity (waist to hip ratio >0.85) 
was similar in both groups, irrespective of body weight 
(47.7% vs. 38%, P = 0.056, 95% CI −0.06 to +0.18).

Comparative data of various health manifestations in lean 
vs. obese women with POCS [Table 4].

Of the health risk manifestations, hypertension occurred 
in both groups with a similar frequency (41% vs. 35.5%, 
P=0.261, 95% CI=0.03 to +0.15). Group A showed an 
increased prevalence of IGT (25% vs. 10%, P= 0.000, 95% CI= 
0.13–0.29) and type two diabetes mellitus (11.7% vs. 6%, P= 
0.000, 95% CI= 0.13–0.29) as compared with group B. EH also 
showed an increase prevalence in Group A compared with 
Group B (5.6% vs. 2%, P= 0.055, 95% CI= 0.01–0.08), although 
not statistically signifi cant (because of very few cases).

DISCUSSION

Most PCOS patients are inherently insulin resistant, with 
obesity seen in many, only adding to this problem. A substantial 
proportion of PCOS patients have abnormalities on the oral 
glucose tolerance testing at the time of diagnosis.

In 2000, a multicentric study involving seven urban cities 
(Chennai, Bangalore, Hyderabad, Mumbai, Calcutt a, and 
New Delhi) in India among the age group of 20–40 years 
indicated that the prevalence rate of obesity was 31%. Our 
study showed a 37.5% prevalence rate of obesity in women 
with PCOS.[7]

Obese PCOS patients have a 31% rate of IGT and 7.5% 
met the criteria for type two diabetes mellitus.[8] Nonobese 
PCOS patients have a 10.3% prevalence of IGT and 1.5% of 
type two diabetes mellitus, which is three times that of the 
general population.[8] PCOS women are at a signifi cantly 
increased risk for IGT and type two diabetes mellitus at all 
weights and at a young age.[8]

These results were confi rmed by another United States 
study (35% women with PCOS had IGT and 10% had non-
insulin dependant diabetes mellitus (NIDDM) at the time 
of initial study).[9] The conversion from IGT to NIDDM is 
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accelerated in PCOS.[9] The fasting glucose concentration 
does not reliably predict the glucose concentration at 2 h 
aft er an oral glucose challenge, particularly among those 
with IGT, the subgroup at the highest risk for subsequent 
development of NIDDM.[9]

Women with PCOS, particularly those with a high BMI, 
therefore, should periodically have an OGTT as the 
frequency of impaired glycemic control is high and the rate 
of conversion from normal glucose tolerance to IGT or from 
IGT to NIDDM is substantial.[10]

The prevalence of glucose intolerance is signifi cantly higher 
in PCOS women (~30%) than in concurrently studied age 
ethnicity and weight-matched ovulatory control women 
(~10%).[11]

Among the PCOS subjects screened from the Mediterranean 
region, 15.7 and 2.5% displayed IGT and type 2 diabetes, 
respectively. Metabolic and hormonal characteristics of 
the IGT group also included hyperandrogenemia and 
signifi cantly higher cortisol and androstenedione responses 

to 1-24 ACTH stimulation. One important fi nding was 
that lower birth weight and earlier age of menarche were 
associated with IGT in PCOS. Frequency of hirsutism, 
oligomenorrhea, acne and acanthosis nigricans did not 
characterize women with IGT.[12]

Another European study found only a 6.4% rate of IGT and 
no cases of type two diabetes mellitus.[13] This discrepancy 
may be related to a signifi cant diff erence in the severity of 
obesity between the studies.[14]

Also, there is a 10-fold increased risk of developing gestational 
diabetes mellitus in women with PCOS as compared with 
the general population (baseline risk 3%).[15]

A national survey of diabetes and IGT conducted in 2000 
AD in six major cities of India showed a 13.1% prevalence 
of IGT and 5% prevalence of diabetes in the younger age 
group (20– 40 years) of the general population.[7] Another 
study found that the prevalence rates of diabetes were 
3.5%, hypertension 11%, central obesity 29%, overweight 
41%, and dyslipidemia 24% in urban women in Delhi.[16] 
Our study showed a signifi cantly higher prevalence of 
IGT (25% vs. 10%, P=0.000, RR 2.5) and type two diabetes 
mellitus (11.7% vs. 6%, P=0.000, RR 1.95) in obese PCOS 
women with respect to lean ones. These prevalence 
rates are higher than the prevalence rates reported in 
population-based studies of normal women of this age, 
as given above. It is thus clear that PCOS is a major 
risk factor for IGT and type two diabetes in women, 
more predominantly in the obese. Diabetes and IGT 
showed a positive and independent association with 
age, BMI, waist to hip ratio (WHR), and family history 
of diabetes.[7]

Apart from the increased risk of type two diabetes 
mellitus in PCOS patients, there are multiple other 
metabolic abnormalities that put them at a higher risk for 
cardiovascular disease. Many,[17,18] but not all,[19,20] studies 
have shown either a greater prevalence of diagnosed 
hypertension or higher ambulatory blood pressure in PCOS. 
Women with PCOS may also have higher levels of PAI type 
one,[21] decreased insulin-induced vascular relaxation[22] and 
endothelial dysfunction.[23]

The increased daytime blood pressures in women with 
PCOS and greater increases in pulse rate from night to 
daytime recordings persisted aft er adjusting for BMI, body 
fat distribution, and insulin resistance. Thus, women with 
PCOS have an increased prevalence of labile blood pressure, 
which may indicate a prehypertensive state, adding a 
further risk factor for cardiovascular disease.[17] Despite 
profound insulin resistance and hyperinsulinemia, women 
with PCOS do not have increased arterial pressure or left  
ventricular mass.[19]

Table 4: Comparative data of various health 
manifestations in lean vs. obese women with polycystic 
ovarian syndrome

Group A Group B P-value
Obese 

n = 300 (%)
Lean 

n = 150 (%)
Odds ratio

95%CI
Hypertension P−0.261

(OR – 1.27, 
0.84-1.91)

Normotensive 177 (59) 97 (64.8) (Power 58%)
Prehypertensive 69 (23) 44 (29.2)
Hypertensive 54 (18) 09 (6)

Stage 1 32 (10.6) 07 (4.6)
Stage 2 22 (7.4) 02 (1.4)

PreHT + HT 123 (41) 53 (35.2)
Diabetes P–0.000

(OR – 3.1, 
1.85–4.99)

No diabetes 190 (63.2) 126 (84) (Power 100%)
IGT 75 (25) 15 (10)
Diabetes 35 (11.8) 09 (6)
IGT + diabetes 110 (36.8) 24 (16)

Endometrium
Day 2 ET < 4 mm 
on USG

226 (75.4) 134 (89.2)

Day 2 ET > 4 mm 
on USG

74 (24.6) 16 (10.6)

No endometrial 
hyperplasia

57 (19) 13 (8.6)

Endometrial 
hyperplasia

17 (5.6) 03 (2) P−0.055

Without atypia 13 (4.4) 03 (2) (OR – 2.8, 
1.54–4.91)

(Power 98%)
With atypia 04 (1.2) -

HT = Hypertensive, IGT = Impaired glucose tolerance, ET = Endometrial thickness
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The ICMR study in 1994 demonstrated 25 and 29% 
prevalence of hypertension (criteria ≥140/90 mmHg) 
among males and females, respectively, in urban 
Delhi.[24] The prevalence of hypertension (>140/90 mmHg) in 
urban women in northern India was 22.6%.[25] Multivariate 
logistic regression analysis showed that age (odds ratio 
1.16), BMI (1.68) and obesity were strongly associated with 
hypertension.[25]

Our study showed a similar frequency of prehypertension 
in obese and lean PCOS women (23% vs. 29.2%, RR 0.8) and 
higher prevalence of frank hypertension in obese women 
(18% vs. 6%, RR 3). Combining the prevalence rates of 
prehypertension and hypertension, we get the following 
values (41% vs. 35.5%, P=0.261, 95% C I=0.03 to + 0.15). These 
prevalence rates are similar to the prevalence rates reported 
in population-based studies of normal women of this age.

As an extension of these data on risk factors, two retrospective 
studies of patients undergoing coronary angiography 
found women with a signifi cant history of hirsutism to be 
more likely to have coronary artery disease.[26] Also, women 
with polycystic ovaries on ultrasound had more extensive 
coronary artery disease at catheterization than those without 
such ultrasound fi ndings.[26] Lastly, PCOS patients have been 
shown to have increased carotid intimal media thickness[27] 
and an almost six-fold increased prevalence of coronary 
artery calcifi cation[28] vs. age-matched control subjects.

Chronic anovulation and hyperandrogenism are clinical 
hallmarks of women with PCOS. Owing to anovulation, the 
endometrium in PCOS is exposed to the prolonged mitogenic 

eff ects of estrogen, unopposed by the inhibitory eff ects of 

progesterone present in the luteal phases of normal menstrual 

cycles. Thus, anovulation and PCOS are recognized risk 
factors for EH, with or without cytological atypia.[29,30]

The ET on ultrasound correlates positively with EH. In cases 
with day 3 ET on USG >7 mm, the prevalence of EH varies 
from 35.7% to 45.6%.[29,30] Most cases were simple EH and 
only 1.75% was simple EH with atypia. Age, BMI and WHR 
did not predict EH, whereas the endometrial hyperechogenic 
pattern was a clinical predictor of EH with borderline 
signifi cance. In conclusion, this study demonstrated that 
almost half of the anovulatory women with amenorrhea had 
EH. In view of these fi ndings, an endometrial biopsy should 
be performed in all women with this disorder.[30]

A recent prospective study of 56 PCOS patients was conducted 

with the aim of predicting EH. The author found high 
prevalence of EH in these patients (35.7%). Of the 20 cases 
of EH, 12, three, and fi ve were simple hyperplasia, complex 
hyperplasia, and hyperplasia with cytological atypia, 
respectively. Women aff ected were older (30–40 years) and 
reported amenorrhea of 1–4 year duration. Logistic regression 

analysis revealed that ultrasonographic ET and intermenstrual 

interval were the only predictors of hyperplasia.[31]

Our study revealed an increase in prevalence of EH in 
obese compared with lean PCOS patients (P=0.055, RR 
2.8). Atypical EH in obese group with withdrawal bleeding 
(four cases) was seen.

Cancer incidence rates in a Mayo Clinic cohort of 1270 women 

with chronic anovulation, as defi ned by ovarian appearance 
consistent with PCOS and clinical evidence of chronic 
anovulation, were compared with population incidence 
rates. The relative risk for subsequent endometrial cancer 
associated with this syndrome was 3.1. Increased risk was also 
noted for premenopausal and postmenopausal cancer.[32]

The true risk of endometrial disease in women with PCOS is 
diffi  cult to ascertain. Studies have been limited to a relatively 
small number of cases of endometrial cancer identifi ed 
specifically in PCOS. Furthermore, the heterogeneous 
presentation of the syndrome makes it impossible to 
ascertain which factor (hyperinsulinemia, obesity, and 
hormonal imbalance) has the most relevant role in the 

increased risk. Clinically, it is generally accepted that in 
oligoamenorrheic or amenorrheic women with PCOS, the 
induction of withdrawal bleeding to prevent hyperplasia is 
a prudent management.

Comparative data of various studies in women with PCOS 
[Table 5].

CONCLUSION

Thus, PCOS emerges as a clinically heterogeneous condition 
with increased prevalence of menstrual irregularities and 
clinical hyperandrogenism in the obese. Prevalence of 
hypertension and altered waist to hip ratio is independent of 
obesity. IGT, diabetes, and EH appear to be more prevalent 
in the obese, putting them at a greater risk of having 
morbid problems at a much younger age than the lean 
ones and, therefore, needing more rigorous management. 
It is important therefore that those caring for these patients 
understand not only the management issues pertinent to 

Table 5: Comparative data of various studies in women 
with polycystic ovarian syndrome
Study  HT% IGT%  Diabeties% EH%
Present study, 2007

Group A 41 25 11.7 5.6
Group B 35.5 10 06 02

Legro et al, 1999
Obese - 20.7 06  -
Lean - 10.3 1.5 -

Ehrmann et al,1999  - 35 10 -
Elting et al, 2001 09 - 2.3 -
Gambineri et al, 2004 - 15.7 2.5 -
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their specialty but also appreciate the other potential health 
risks in these women and counsel accordingly.
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