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Research Paper

Polycystic ovary syndrome (PCOS) is the most 
common and highly complex endocrinopathy, which 
has obtained a great deal of importance in recent 
years owing to it being the most prevalent cause of 
anovulatory infertility. Earlier, the prevalence of PCOS 
was found to be in approximately 7-10% of women in 
the reproductive age[1]. A recent, community-focused 
prevalence study based on Rotterdam diagnostic 
criteria showed an increase in the rate to 18% 
(17.8±2.8%)[2]. In India, the prevalence ranges from 
2-26%[3]. The clinical signs and symptoms of PCOS 
also vary without a specific pattern among ethnic 
groups. This might be due to differences in lifestyle, 
dietary factors, genetic and biochemical make up. 
A common definition and definite treatment plan for 
PCOS does not exist, mainly due to the fact that the 
aetiopathogenesis of this syndrome still seems to be 
unclear.

According to the Rotterdam European Society 
for Human Reproduction/American Society of 
Reproductive Medicine (ESHRE/ASRM)-sponsored 
PCOS Consensus Group (2003)[3], any two of the 
following three criteria are to be met to fit the definition 
of PCOS: i. Oligo- or anovulation, ii. clinical and or 
biochemical hyperandrogenism (BH) and iii. polycystic 
ovaries on ultrasound. The most recent definition would 
be the guidelines proposed by Androgen Excess PCOS 
Society (2006)[4]. The three diagnostic criteria for 
PCOS would be: i. hyperandrogenism (HA) (clinical or 
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biochemical); ii. ovarian dysfunction (oligomenorrhea 
or anovulation and/or polycystic ovarian morphology) 
and iii. exclusion of other androgen-excess or related 
disorders.

PCOS is widely considered as a multi-factorial 
disorder, consisting of both genetic and environmental 
predisposing factors. The common hypothesis observed 
is that the genetic factors related to sex steroids result in 
hormonal imbalances, which predisposes a woman to HA 
and oligo/anovulation[5]. Other genetic factors involve 
genes related to obesity, genes involved in insulin action 
and secretion, genes involved in gonadotropin action 
and regulation, genes involved in ovarian and adrenal 
steroidogenesis. A variety of candidate genes have been 
postulated, however, the mode of inheritance and the 
exact genes implicated are not yet confirmed. PCOS 
manifestations include menstrual disturbances, acne 
vulgaris, hirsutism and most importantly, metabolic 
syndrome. It increases the risk of type 2 diabetes, 
central obesity, cardiovascular diseases, recurrent 
abortion, psychological and psychosexual morbidity. 
An inconsistency in clinical signs is observed due to 
its variations with age-adolescents to post-menopausal 
stage and other prevailing endocrinal or metabolic 
disorders, environmental and lifestyle changes, ethnic 
and geographic location. A combination of all these 
factors contributes to the complexity of PCOS. This 
study looks into the clinical, biochemical, hormonal 
and gynecological aspects of PCOS women visiting 
infertility clinic. The aim is to better understand the 
frequency of clinical and biochemical features of 
PCOS in comparison with a normal control group and 
to understand the underlying factors contributing to the 
syndrome. Also, the second objective is to see if any 
correlation exists between HA (testosterone levels) and 
other clinical manifestations of PCOS. 

MATERIALS AND METHODS

Study population:

A total of 397 women were recruited from patients 
visiting SMART Outpatient centre and Obstetrics 
and Gynecology Department of Sri Ramachandra 
University, Chennai, Tamil Nadu, India from April 
2011 to January 2014. About 192 women who 
fulfilled the criteria for PCOS (Rotterdam 2004) and 
205 unaffected, age matched control with regular 
menstrual cycles (28-35 d) and normal ovaries of the 
same geographical area was recruited. Besides, women 
with galactorrhea, thyroid issues and women under 
medication, which interfere with the normal function of 

the hypothalamic-pituitary-gonadal axis or any disease, 
which might affect the normal reproductive physiology 
were excluded from the study group. This case-control 
study includes women in the age group of ≥20 y to  
≤40 y. The study was approved by the Institutional 
Ethical Committee of Sri Ramachandra University. 
Subject’s history such as age, menarche onset, menstrual 
cycle regularity, marital status, consanguinity, family 
history with PCOS were collected after obtaining a 
written informed consent from all the women enrolled 
in the study. 

Sample size calculation:

Power and sample size calculation software (version 
2.1.31) was used to calculate the sample sizes in the 
study. We used continuity corrected chi-squared 
statistic to evaluate this null hypothesis. Based on 
power analysis, a study with 150 case patients and 
150 controls was large enough to detect a significant 
odds ratio (OR) of 0.5 with a power of 80% and an 
alpha of 5%.

Anthropometric assessment:

Anthropometric measurements like body height 
(cm), weight (kg), hip circumference (HC) and 
waist-circumference (WC, cm) was assessed using 
a standardized instrument. In accordance to WHO 
classification, body-mass index (BMI) was calculated 
as weight in kg divided by height in m2 (kg/m2) and 
the women were categorized as underweight (<18.5), 
normal (18.5-24.9), overweight (25-29.9) and obese 
(≥30). WC was measured in the standing position, 
halfway between the lower ribs and the superior 
anterior iliac spine of the pelvis. HC was measured 
at the level of the pubic symphysis. The participants 
with waist/hip ratio (WHR) 0.80-0.84 were classified 
as overweight and with WHR>0.85 were classified as 
obese.

Clinical, biochemical and ultrasound assessment:

Indication of HA was determined by presence of 
clinical hyperandrogenism (CH) and/or BH. CH was 
described by the presence of hirsutism (Ferriman-
Gallwey (FG) score, FG≥8), acne, or the presence 
of androgenic alopecia. Hirsutism was evaluated 
using the modified FG scoring method. It enumerates 
the presence of terminal hairs over nine body areas  
(upper lip, chin, chest, upper and lower abdomen, 
upper and lower back, upper arms and thighs). Acne 
was recorded by the presence of comedones on the 
face, neck, upper chest, upper back, or upper arms. 
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Biochemical HA was estimated by checking the 
testosterone levels in the body (total testosterone (TT) 
(>76 ng/dl) according to the normal upper limit reference 
value followed in the laboratory. Oligomenorrhea is 
defined as more than 36 d between menstrual cycles 
or fewer than eight cycles per year. Insulin resistance 
was assessed using the homeostatic model assessment 
(HOMA-IR), calculated as (fasting insulin×fasting 
glucose)/22.5 and ≥2.7[6,7] was selected as the cut-off 
point. PCOS was diagnosed for the presence of 12 or 
more follicles in each ovary, measuring 2-9 mm in 
diameter and/or increased ovarian volume (10 cm3) 
by means of transvaginal ultrasonography with a 
transvaginal probe of curved array 5.0-2.0 MHz (for 
ovary) with a frequency of 5.9 MHz using diagnostic 
ultrasound system, Sonoscape S20 Co., Ltd, China.

Sample collection, biochemical and hormonal 
analysis:

Peripheral blood samples were collected after an 8 h 
fast for biochemical analysis on day 2 (D2) or day 3 
(D3) of their follicular phase. Thyroid profile (free 
T4, thyroid stimulating hormone (TSH), haemoglobin 
(Hb), packed cell volume (PCV), pre-prandial and 
postprandial glucose, serum prolactin, luteinizing 
hormone (LH), follicle stimulating hormone (FSH), 
estradiol (E2), TT, fasting insulin (FI) were analysed 
using approved test kits, Siemens-ADVIA Centaur 
XP Automated System and by chemiluminescent 
immunoassay (CLIA). 

Statistical analysis:

The characteristics between cases and controls were 
assessed and their percentages were calculated. 
Descriptive statistical analysis was performed using 
software SAS (version 9.0). The categorical variables 
estimates were analysed using Chi-square test (χ2). The 
continuous variables were expressed as mean±standard 
deviation. The significant difference obtained in PCOS 
women and controls were calculated and compared 
using ANOVA. Correlation analysis was carried out 
using Pearson’s correlation coefficient test. Multiple 
logistic regression analysis was performed with PCOS 
as dependent variable and various anthropometric and 
biochemical and hormonal variables as independent 
variable to find out independent risk factors for PCOS. 
All the variables tested for the study were included 
as independent variables. Totally 16 variables were 
included and are as follows; serum prolactin, LH, 
FSH, LH/FSH, estradiol, TT, insulin, HOMA-IR,  
menarche (y), pre and post-prandial glucose, 

endometrial thickness, unilateral right and left ovarian 
volume and unilateral right and left antral follicular 
count. Out of the variables tested, the variables with 
significant values (P<0.05) were represented in table 
along with few other variables. Thyroid profiles were 
retained because of the exclusion criteria of selection of 
subjects in the study. Also, hemoglobin and PCV were 
retained as those variables did not show any significant 
difference among PCOS and control women. The 
anthropometric variables were checked separately and 
the clinical and biochemical variables were analysed 
separately. We have not used any criteria for assessing 
model fit, as the software (SPSS) used considers default 
the model fit using Cox and Snell and Nagelkerke R2; 
hence model fit was assessed using the above said with 
adjusted OR and 95% confidence interval (CI) and no 
interactions were examined. A P-value <0.05 were 
considered to be statistically significant.

RESULTS AND DISCUSSION

The mean age group among PCOS cases and controls 
were 27.69 and 26.60, respectively. The distribution 
of body mass index among the subject groups were 
categorized as underweight, normal, overweight and 
obese and their respective percentages in cases and 
controls are 6.25, 46.35, 31.25, 16.1 and 5.85, 56.1, 
34.63, 3.42, respectively. The distribution of WC>80 
cm among cases were 83% and 17% among controls. 
Likewise, WHR>0.85 among cases and controls were 
91% and 9%, respectively. The age onset of menarche 
among women ranged from 11 y to 17 y. One hundred 
twenty five women and 114 women were in the 13 
and 14 y age groups, respectively. Oligomenorrhea, 
dysmenorrhea and secondary amenorrhea among PCOS 
women were 74%, 46% and 5% while eumenorrhea 
was 17%. Out of 160 women with irregular cycles, 
5% followed <28 d interval, 89% were in the >35 d to 
<6-mo interval and 6% showed irregularity of having 
greater than or equal to 6-mo interval. 

The anthropometric parameters between cases and 
controls are measured and presented in Table 1. 
Significant difference in BMI, WC, HC, WHR and 
hirsutism score between cases and controls was 
observed. The endometrial thickness, ovarian volume 
and follicular count among PCOS women were found to 
be elevated compared to that of controls. Mean hirsutism 
reported in control and PCOS women were 1.88 and 
4.77, respectively. Table 2 represents comparison of 
biochemical and hormonal status between cases and 
controls. Except for free T4, serum prolactin, Hb and 
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Table 3. The bilateral antral follicular count in women 
with PCOS was 45%, the unilateral left and right being 
47.4 and 50%. Similarly, for the control subject’s 
bilateral antral follicular was 3% and the unilateral left 
and right count being 3.41 and 3.90%. Also, ovarian 

PCV, there was a significant difference between PCOS 
and control women. 

The frequency distribution of various parameters 
between cases and controls are represented in  

Parameters
Control Case

P-value
Mean

95% CI for Mean
Mean

95% CI for Mean
Lower bound Upper bound Lower bound Upper bound

Age 27.69 27.14 28.23 26.60 26.00 27.21 0.009
Height (cm) 155.35 154.52 156.17 155.44 154.5 156.37 0.878
Weight (kg) 57.93 56.75 59.11 61.24 59.40 63.08 0.003
BMI 24.01 23.55 24.47 25.29 24.61 25.97 0.002
Waist (cm) 64.10 62.22 65.98 82.43 80.20 84.66 0.000
Hip (cm) 86.75 84.78 88.71 95.98 93.40 98.56 0.000
Waist/Hip 0.73 0.72 0.74 0.85 0.85 0.86 0.000
Menarche (y) 13.83 13.68 13.99 13.32 13.16 13.49 0.000
Marital duration (y) 4.86 4.30 5.41 4.09 3.67 4.52 0.033*
Hirsutism 1.88 1.62 2.14 4.77 4.14 5.39 0.000
Endometrial 
thickness 4.03 3.76 4.31 5.55 5.11 5.98 0.021*

Ovarian volume 
(right) 4.95 4.43 5.47 10.44 9.52 11.36 0.000

Ovarian volume 
(left) 4.36 3.83 4.88 9.26 8.57 9.95 0.000

AFC (Right) 1.07 0.65 1.48 7.56 6.64 8.48 0.000
AFC (Left) 0.98 0.59 1.36 7.32 6.39 8.25 0.000

TABLE 1: DESCRIPTIVE ANALYSIS ON ANTHROPOMETRIC AND GYNECOLOGICAL PROFILES BETWEEN 
PCOS CASES AND CONTROLS

BMI-body mass index, AFC-antral follicular count; statistical analysis was performed using the SPSS statistical software version 9.0. The 
continuous variables are expressed as mean±standard deviation; the significant difference obtained in PCOS subjects and controls were 
calculated and compared using ANOVA. *P-value <0.05 was considered to be statistically significant

Parameters

Control Case

P-value
Mean

95% CI for Mean
Mean

95% CI for Mean
Lower 
bound

Upper 
bound

Lower 
bound

Upper 
bound

Free-T4 1.22 1.19 1.26 1.18 1.14 1.21 0.087
TSH 1.9 1.81 2 2.41 2.25 2.57 0.000
S. Prolactin 12.92 12.08 13.76 12.96 11.79 14.14 0.951
LH 4.66 4.34 4.99 9.24 8.56 9.92 0.000
FSH 7.05 6.73 7.38 6.22 5.92 6.53 0.000
LH-FSH 0.71 0.65 0.76 1.63 1.49 1.76 0.000
Estradiol 60.53 57.56 63.5 65.33 31.31 69.05 0.046*
TT 28.7 26.86 30.53 71.58 65.33 77.82 0.000
Insulin 10.66 10.07 11.26 13.69 12.63 14.75 0.000
HOMA-IR 2.26 2.13 2.39 3.06 2.78 3.34 0.000
Hb 12.87 12.71 13.04 13.09 12.87 13.31 0.118
PCV 35.63 35.36 35.89 35.68 35.37 35.99 0.789
Pre-prandial glucose (mg/dl) 86.04 84.93 87.16 89.6 87.18 92.02 0.008
Post-prandial glucose (mg/dl) 110.49 108.97 112.01 116.25 111.45 121.05 0.021*

TABLE 2: DESCRIPTIVE ANALYSIS ON BIOCHEMICAL AND HORMONAL PROFILES BETWEEN PCOS 
CASES AND CONTROLS

TSH, thyroid stimulating hormone, S. prolactin- serum prolactin, LH- luteinizing hormone, FSH- follicle stimulating hormone, TT- total 
testosterone, HOMA-IR- homeostatic model assessment of insulin resistance, Hb- haemoglobin, PCV- packed cell volume; Statistical analysis 
was performed using the SPSS statistical software version 9.0. The continuous variables are expressed as mean±standard deviation; the 
significant difference obtained in PCOS subjects and controls were calculated and compared using ANOVA. *P-value <0.05 was considered 
to be statistically significant
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volume among cases and control women were 27.6 
and 1.5%. The overall increased testosterone level 
among women was 22%. Among PCOS cases 24% 
showed hirsutism and 8% confirmed acne but no case 
of alopecia was observed. The primary and secondary 
infertility was 28.64 and 8.85% accordingly. First 
degree consanguinity among cases was 2.08%. Second 
degree, third degree and distant relative consanguinity 
among cases and controls were 10.93, 2.60, 2.60 and 
3.41%, 2.92, 3.90% in that order. Other disorders 
associated include bronchial asthma (1.25%), mumps 
(5.03%) and renal disease (0.50%). About 95% 
followed mixed diet (vegetarian and non-vegetarian) 
while 5% account for having a vegetarian diet. 

Table 4 illustrates the correlation between testosterone 
and PCOS related variables for all the study participants. 

Positive correlation was observed between testosterone 
levels and LH/FSH ratio, hirsutism and antral follicular 
count in PCOS women. HOMA-IR and hirsutism was 
negatively correlated with testosterone levels in the 
control group. Tables 5 and 6 determine independent 
predictors of risk factors for PCOS using multivariate 
logistic regression analysis. Independent variables 
tested with model fit Cox and Snell (R2 0.657) and 
Nagelkerke (R2 0.876). Anthropometric variables and 
biochemical and hormonal variables were analysed 
separately. Among anthropometric variables, none of 
the parameters showed risk but TT, ovarian volume, 
and antral follicular count contribute towards increased 
risk for PCOS.

BMI revealed quite high percentage in the PCOS group. 
Sixteen percent of PCOS women were obese and 31% 

Variables Case (%) Control (%) Total (%)
Polycystic ovaries (≥12 follicles)

AFC (right) 96(50) 8(3.90) 104(26.19)
AFC (left) 91(47.4) 7(3.41) 98(24.68)
AFC (both) 87(45.3) 7(3.41) 94(23.67)

Ovarian volume (>10cm3)
OV (right) 79(41.4) 15(7.31) 94(23.67)
OV (left) 77(40.10) 6(2.92) 83(20.90)
OV (both) 53(27.60) 3(1.46) 56(14.10)
PCO (AFC+OV) 37(19.3) 0 37(9.31)
Biochemical hyperandrogenism 87(45.31) 2(0.97) 89(22.41)

Clinical hyperandrogenism
Hirsutism 46(23.95) 4(1.95) 50(12.59)
Acne 16(8.33) 4(1.95) 20(5.03)
Hirsutism+acne 7(3.64) 0 7(1.76)
Alopecia 0 0 0
Marital status overall 1-18 y

Infertility
Primary Infertility 55(28.64) 0 55(28.64)
Secondary Infertility 17(8.85) 0 17(8.85)

Consanguinity
Yes 35(18.22) 22(10.71) 57(14.35)
No 154(80.20) 175(85.36) 329(82.87)
1st Degree 4(2.08) 0 4(2.08)
2nd Degree 21(10.93) 7(3.41) 28(7.05)
3rd Degree 5(2.60) 6(2.92) 11(2.77)
Distant relatives 5(2.60) 8(3.90) 13(3.27)

Other disorders
Bronchial asthma 2(1.04) 3(1.46) 5(1.25)
Mumps 13(6.77) 7(3.41) 20(5.03)
Renal disease 1(0.52) 1(0.48) 2(0.50)

Diet
Vegetarian 7(3.64) 14(6.82) 21(5.28)
Mixed 185(96.3) 191(93.1) 376(94.7)

TABLE 3: FREQUENCY DISTRIBUTION OF VARIOUS PARAMETERS IN CASES, CONTROL AND COMBINED 
SUBJECTS

OV-ovarian volume, ET-endometrial thickness, AFC-antral follicular count, PCO- polycystic ovaries 
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was overweight and about 6% were lean. About 83% of 
the obese PCOS women showed menstrual irregularity, 
all of them had an increased level of insulin and 
55.17% showed insulin resistance by HOMA-IR. An 
increase in the BMI could play a role in the alterations 
of the biochemical and the hormonal systems. Along 
with BMI, waist circumference and waist/hip ratio 
was calculated, which are the measures of visceral or 
abdominal fat mass. These measures are independent 
of height and muscle mass. They have begun as 
important predictors of risk of obesity related diseases 
and hence are thought to be very useful indicators of 
excess body fat and increased health risk[8]. About 
83% PCOS women and 17% normal women had a 
waist circumference of >80 cm, which is all of obese 
women had an increased waist circumference. A study 
reported both lean and obese PCOS women showing 
higher waist circumference[9]. Likewise, an increase in 
waist/hip ratio of about 91% was seen in PCOS group 
while control women had a much lower percentage of 
9%. Out of 181 women with increased waist/hip ratio, 
insulin resistance and irregular cycles was observed in 
47.5% and 82% women with PCOS. Obesity prevalence 
was reported by Carmina et al. and Targher et al. with 
15.8 and 14.3 in Italy, 13.5 in Australia and 12.5% in 
Israel[10-13]. Prevalence of obesity as high as 94.6, 62.8 
and 60.1% in USA, 59.7 in Bahrain, 40 in Spain and 
50% in UK has also been reported. A prevalence of 
overweight and obesity percentage similar to our study 
was reported in Italy, Taiwan, Germany and Greece 
with 46.4, 41.4, 43.8 and 47% correspondingly[14]. 

Variables
Cases Control Total

R P R P R P
BMI 0.059 0.418 -0.023 0.746 0.121 0.016*
Waist/hip 0.116 0.108 0.001 0.99 0.444 0.000
Serum prolactin -0.116 0.109 -0.035 0.62 -0.076 0.128
LH 0.082 0.26 0.059 0.4 0.346 0.000
FSH -0.12 0.098 -0.074 0.294 -0.176 0.000
LH/FSH 0.163 0.023* 0.069 0.322 0.409 0.000
HOMA-IR -0.024 0.742 -0.141 0.044* 0.111 0.02*
Hirsutism grade 0.327 0.000 -0.143 0.041* 0.425 0.000
Pre-prandial glucose 0.049 0.501 -0.017 0.809 0.107 0.033*
Post-prandial glucose 0.08 0.271 -0.034 0.633 0.121 0.016*
AFC right 0.167 0.021* 0.076 0.28 0.411 0.000
AFC left 0.206 0.004 0.086 0.221 0.433 0.000
OV right 0.065 0.374 0.082 0.242 0.306 0.000
OV left 0.112 0.124 0.009 0.903 0.335 0.000
ET (mm) 0.004 0.954 -0.024 0.736 0.158 0.002

TABLE 4: CORRELATION ANALYSIS OF TESTOSTERONE WITH VARIABLES IN PCOS SUBJECTS

BMI-body mass index, LH-luteinizing hormone, FSH-follicle stimulating hormone, HOMA-IR-homeostatic model assessment of insulin 
resistance, OV-ovarian volume, ET-endometrial thickness, AFC- antral follicular count, Correlation analysis was carried out using Pearson’s 
correlation coefficient test. R= -1 to +1; *P-value <0.05 was considered to be statistically significant

Variable
Exp (β) 95% Confidence 

Interval P-value
(OR) Lower Upper

Age 0.947 0.866 1.035 0.227
BMI 0.788 0.642 0.966 0.022*
Waist (cm) 0.498 0.498 1.734 0.93
W/H ratio 1.874 0.437 8.034 0.053

TABLE 5: MULTIVARIATE LOGISTIC REGRESSION 
ANALYSIS ON ASSOCIATION BETWEEN PCOS 
AND ITS ANTHROPOMETRIC VARIABLES

W/H- waist/hip ratio, the variables were analysed using multivariate 
logistic regression with adjusted odds ratio (OR) also with a 95% 
confidence interval (CI) and a *P-value <0.05 was considered to be 
statistically significant

Variable
Exp (β) 95% Confidence 

interval P-value
(OR) Lower Upper

Insulin 0.538 0.205 1.411 0.207
LH/FSH 3.881 0.231 65.25 0.346
Total testosterone 1.112 1.075 1.15 0.000
Pre-prandial glucose 0.811 0.695 0.947 0.008
Post-prandial glucose 1.024 0.991 1.058 0.159
OV Right 1.208 1.069 1.364 0.002
OV Left 1.153 1.029 1.293 0.014*
ET (mm) 1.194 0.974 1.464 0.089
AFC right 1.272 1.093 1.481 0.002
AFC left 1.062 0.919 1.227 0.413

TABLE 6: MULTIVARIATE LOGISTIC REGRESSION 
ANALYSIS ON ASSOCIATION BETWEEN PCOS 
AND ITS BIOCHEMICAL AND HORMONAL 
VARIABLES

LH- luteinizing hormone, FSH- follicle stimulating hormone, OV- 
ovarian volume, ET- endometrial thickness, AFC- antral follicular 
count, Exp (β) – exponential (β), the variables were analysed 
using multivariate logistic regression with adjusted odds ratio (OR) 
also with a 95% confidence interval (CI) and a *P-value <0.05 was 
considered to be statistically significant
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Higher waist circumference in lean and obese PCOS 
women was observed[15]. 

All the control women in the study satisfied the criteria 
of having regular menstrual cycles and the same was 
also observed among 17% PCOS women; irregular 
menstrual cycles prevail high about 83% amongst 
PCOS women. Among PCOS women, 74% were 
oligomenorrhic, 23% had a heavy menstrual flow and 
12% underwent scanty flow and about 5% women 
suffered from secondary amenorrhea. Any disturbances 
in the menstrual cycle in turn disturb the hormonal 
mechanisms and add to female infertility issues. 
Studies have reported women with oligomenorrhea 
as 10.2, 64.3, 71 and 93%[16-19]. In the present study, 
LH was found to be elevated compared to FSH in 
PCOS women, which was twice as high compared 
to the control group due to increase in GnRH pulse 
frequency in PCOS women[20]. The LH/FSH ratio in 
our study was 31%. The increase in LH levels could 
be due to high and static concentrations of oestrogens 
that alter the control of this hormone by the H-P axis[21]. 
Increased GnRH secretion drives the preovulatory 
LH surge in a dose-dependent fashion. During the 
follicular phase in parallel with increasing oestradiol 
concentrations LH responses to identical GnRH 
stimuli. Increased oestradiol also may act to augment 
the gonadotrope’s responsiveness to GnRH[22]. During 
the normal menstrual cycle, central and pituitary 
sites respond to the oestradiol positive feedback loop 
signal to ensure a timely gonadotropin surge. Also, a 
significant difference was observed in the testosterone 
levels of PCOS women compared to that of controls, 
corroborating with the hypothesis that an increase 
in testosterone levels leads to suppression of normal 
menstruation and ovulation confirming with our results 
in the multivariate logistic regression that it withholds 
risk factor for PCOS. 

The augmented GnRH pulse frequency is vastly 
associated with HA and increased ovarian volume[23]. 
In addition, an increase in the FI levels in the case 
group when compared to the control group led to the 
calculation of insulin resistance using HOMA-IR. The 
mean HOMA-IR of PCOS and control women was 
3.06 and 2.26, respectively. Most women affected with 
PCOS in the study group did not have family members 
affected with the same except for a few with the 
proband’s siblings and maternal aunts were positive for 
PCOS. Consanguinity was seen among the study groups 
with higher second degree consanguineous marriages 
among case group (11%) compared to the control group 

(3%). Out of all the other variables, which impact 
PCOS, an elevated TT level was found in 45% women 
in the case group. Relationship between testosterone 
and other baseline parameters were assessed to find a 
correlation. We found that the hirsutism grades were 
positively correlated significantly among the case 
group (R=0.327; P=0.000) and the combined group 
(R=0.425; P=0.000), which ratifies that a rise in 
testosterone levels above a normal range leads to an 
unusual increase in hair growth (hirsutism). About 24% 
PCOS women were hirsute and 8% showed symptoms 
of acne. An increased conversion of testosterone to 
dihydrotestosterone via the enzyme 5 alpha reductase 
(5α-R) within the pilosebaceous unit may be one of 
the root causes for hirsutism[24]. 5-α reductase acts as 
an amplifier of the androgen signal[25]. There are two 
isoenzymes of 5-α reductase, which is type 1 and type 2 
(5α-R type 1 and 5α-R type 2), characterized by studies 
of molecular cloning[26,27]. The predominant being 5α-R 
type 1 (SDR5A1) is found majorly in skin[28]. A rise in 
5a-reductase activity was seen in genital and pubic skin 
fibroblasts from hirsute patients compared to the skin 
of normal women[29,30].

In PCOS women who are positive for HA, 11.49% 
women were obese, 95.40% showed increased waist/
hip ratio, increased LH/FSH was found in 43.67%, 
HOMA-IR was seen in 50.57%, hirsutism was seen in 
40.22% and infertility was observed in 44% women. 
A rise in testosterone levels correlates with increase 
in LH/FSH ratio, antral follicular count and hirsutism. 
PCOS women showed increased levels of insulin. High 
basal insulin levels (35.7%) were reported in a study 
carried out with seventy women with PCOS in the 
age range 12-35 y of age[31]. Increased concentration 
of insulin binds to insulin growth factor 1 (IGF-1) 
receptor of theca cells leading to increased levels 
of androstenedione and HA[32]. Earlier studies have 
shown that combination of LH/FSH ratio and FI level 
were of higher predictive value in diagnosing PCOS[33]. 
Too much insulin combined with high levels of LH can 
lead to excess production of testosterone in the ovaries. 
These abnormally high levels of testosterone in turn 
lead to disruption in the follicle maturation process, 
which hampers ovulation[34-36]. Excess androgens boost 
insulin resistance leading to raised insulin levels, which 
in turn fuel androgen synthesis. This increases the 
symptoms of PCOS, making women more susceptible 
to diabetes, obesity and cardiovascular ailments[37,38]. 
Polycystic ovaries were observed in 45.3% women 
with PCOS and increased ovarian volume was observed 
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in 27.60%. The significance was also confirmed in the 
multivariate logistic regression analysis where it stands 
as risk in PCOS. We also found that the unilateral antral 
follicular count and ovarian volume of the right ovary 
was marginally higher than that of the left in women 
with PCOS. 

All the PCOS women who were obese had an 
increased waist circumference and elevated insulin 
levels. Waist circumference above the normal range in 
a woman worsens the symptoms of PCOS. Thus, waist 
circumference may perhaps be a better indicator than 
BMI. Of the gynaecological variables, the endometrial 
thickness, bilateral ovarian volume and bilateral antral 
follicular count were significantly higher in PCOS 
women. Even though we found an increase in BMI in 
PCOS women compared to controls, when trying to 
ascertain an independent risk factor for PCOS, we found 
that BMI was not a risk factor and pre-prandial glucose 
was found to be a protective factor for PCOS. Hence, 
BMI and pre-prandial glucose should not be considered 
as major contributing factors in the development of 
PCOS. We found that elevated testosterone levels 
lead to 0.11 odds times of risk of developing PCOS. 
Increased unilateral right and left ovarian volume have 
0.20 and 0.15 odds times of risk and increased antral 
follicular count contribute to 0.27-odds time risk of 
developing PCOS in the studied population. 

PCOS continues to be of major women’s health concern 
worldwide. It is of importance to obtain a relationship 
of the various clinical, biochemical, hormonal and 
gynaecological parameters as risk factors for PCOS. 
Our study indicates an increase in BMI and waist/
hip ratio may worsen the symptoms of PCOS. Along 
with BMI, measurement of waist/hip ratio also should 
be considered. Increased LH/FSH ratio, testosterone, 
increased pre-prandial glucose levels, ovarian volume 
and antral follicular count are considered significant 
risk factors for developing PCOS. The reasons for this 
observation are yet to be ascertained. As testosterone 
increases, an increase in LH/FSH ratio, ovarian 
volume and antral follicular count was observed. These 
parameters lead to disturbances in the interlinked 
hormonal and biochemical pathways contributing to 
PCOS. The features/parameters presented in this study 
can be utilized for screening purposes to ascertain 
the susceptibility of women to PCOS. Also, the 
ethnic and geographical differences observed in the 
occurrence of PCOS warrant that the screening reaches 
the maximum number of women in the susceptible 
age group. One limitation of the study is the sample 

size, which included a small group of participants. 
Future research should focus on early detection of 
the predisposing risk factors in PCOS development, 
including long-term studies with the goal of modifying 
environmental factors so that risk may be significantly 
reduced. The use of Systems Biology approaches in 
analysing biochemical networks will enable us to better 
comprehend the multisystem cross-talk underlying the 
etiology of PCOS.
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