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Abstract 

Background: Polycystic ovary syndrome is a common and heterogeneous endocrine disorder characterized 

by hirsutism, amenorrhea, infertility, and obesity. Our primary aim to conduct this study was to find out the 

correlation between various biochemical and clinical features of polycystic ovarian syndrome and to 

determine the best hormonal marker for the same among Indian women at an early age.  

Materials & Methods: The study was done on outdoor patients over seventy women with PCOS diagnosed 

by history and hormonal levels (LH: FSH ratio>2, total testosterone>0.76 ng/mL) and ultrasonogrpahy 

(USG) (cortical cysts each 5 mm in diameter, >5 in number in a single ovary) were compared with 10 normal 

women who served as control at a tertiary care teaching hospital, Kolkata. Obesity was measured by body 

mass index (BMI) (>25 kg/m
2 

taken as overweight). Waist: hip ratio (WHR) was used as a marker of 

abdominal obesity (measured at ASIS). Ferriman-Gallway (FG) scoring was done and a score of > 8 was 

taken as significant hirsutism.  

Results: Hormonal status and BMI in PCOS individuals, who were overweight (BMI > 25 kg/m
2
). They had a 

mean BMI 28.98 kg/m
2
, mean basal insulin (BI) 33.49 μ IU/ ml, mean LH: FSH ratio 2.01, mean testosterone 

level 1.38 ng/ml. Mean body mass index (BMI) was 21.6 kg/m
2
 in normal women, 27.44 kg/m

2
 in overweight 

subjects(n=44) and 31.86 kg/m
2
 in obese subjects (n=21). When FG score>8 was considered, it was found 

that overweight subjects were 35.4% and obese 40%. Increased value of basal insulin was found in 14 

subjects (40%). Family history of hirsutism was positive in 7 subjects (22.5%). In this group, mean BMI 

29.24 kg/m
2, 

mean basal insulin
 
32.94 m-IU/ml, mean LH/FSH Ratio 1.96 and mean testosterone 1.96 ng/ml.  

Conclusion: Most of the PCOS patients of this city are overweight rather than obese. In PCOS there was 

increased LH and there by increased LH-FSH ratio, which is usually used as a single hormonal estimation 

for diagnosis. In accordance to previous studies it may be suggestable that the free or total testosterone level 

can be a singular and vital hormonal marker for diagnosis. Both LH-FSH ratio and testosterone can be taken 

for accuracy of diagnosis.  

Keywords: Polycystic ovarian syndrome, clinical, biochemical, ultrasonography, acanthosis nigricans, 

hirsutism. 
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Introduction  

Polycystic ovary syndrome is a common and 

heterogeneous endocrine disorder characterized by 

hirsutism, amenorrhea, infertility, and obesity. 

Women with polycystic ovarian syndrome 

(PCOS) have abnormalities in the metabolism of 

androgens and estrogen and in the control of 

androgen production. PCOS can result from 

abnormal function of the hypothalamic-pituitary-

ovarian (HPO) axis.
1
 PCOS was defined as the 

presence of any two of the three features: (1) 

Oligo/amenorrhea: absence of menstruation for 45 

days or more and/or ≤8 menses per year. (2) 

Clinical hyperandrogenism: Modified Ferriman 

and Gallway (mFG) score of 6 or higher. (3) 

Polycystic ovaries: presence of >10 cysts, 2-8 mm 

in diameter, usually combined with increased 

ovarian volume of >10 cm, and an echo-dense 

stroma in pelvic ultrasound scan. PCOS is a 

common female endocrine disorder with 

prevalence ranging from 2.2% to 26%. Most 

reports have studied adult women with age ranged 

from 18 to 45 years. 
[2-5] 

The major features of PCOS include menstrual 

dysfunction, anovulation, and signs of 

hyperandrogenism.  Other signs and symptoms of 

PCOS may include the following:  hirsutism, 

infertility, obesity and metabolic syndrome, 

diabetes, and obstructive sleep apnea.
6
 PCOS is 

associated with various endocrine abnormalities 

such as increased serum LH levels, increased ratio 

of LH:FSH, increased serum testosterone. 

Estimation of these hormones aids in the 

diagnosis. In PCOS ovary is enlarged >9 ml in 

volume, is smooth, sclerotic, has thickened 

capsular & subcapsular follicular cysts with 

atresia and hyperplastic theca and stroma.
7
 Our 

primary aim to conduct this study was to find out 

the correlation between various biochemical and 

clinical features of polycystic ovarian syndrome 

and to determine the best hormonal marker for the 

same among Indian women at an early age. 

 

 

 

Materials & Methods 

The study was done on outdoor patients over 

seventy women with PCOS diagnosed by history 

and hormonal levels (LH: FSH ratio>2, total 

testosterone>0.76ng/mL) and ultrasonogrpahy 

(USG) (cortical cysts each 5 mm in diameter, >5 

in number in a single ovary) were compared with 

10 normal women who served as control at a 

tertiary care teaching hospital, Kolkata. Detailed 

history of menstruation and hyperandrogenic 

problems was recorded and clinical examination 

done. A detailed history of presenting complaints, 

age of presentation, past illness and demographic 

information were noted. Obesity was measured by 

body mass index (BMI) (>25 kg/m
2 

taken as 

overweight). Waist: hip ratio (WHR) was used as 

a marker of abdominal obesity (measured at 

ASIS). Ferriman-Gallway (FG) scoring was done 

and a score of > 8 was taken as significant 

hirsutism.
8 

Acanthosis nigricans was observed on the nape of 

the neck which is standard and accessible site for 

examination. Ovarian ultrasonography, preferably 

accomplished by using a transvaginal approach, 

can be performed to assess ovarian morphology 

was done with 3.5 MHz trans-abdominal probe. 

The diagnostic characteristics are bilateral 

enlarged ovaries, multiple small follicles and 

increased stromal ecogenecity.
9
  

LH was measured by ELISA (Herrickson 

Diagnostics, Texas, USA), and FSH by ELISA 

(Genzyme Diagnostic Medix, Biotech, CA, USA). 

Total testosterone (TT) was measured by 

chemiluminiscence (CLIA) kit supplied by Ciba 

Corning Diagnostic Corporation. Statistical 

analysis was done with Student’s t test using 

Microsoft Excel. 
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Results 

Table 1: Demographic characteristics, clinical and biochemical parameters in normal female individuals 

(n=10) 

Charact

eristics 

Age 

(Yrs) 

Height 

(CMs) 

Weight 

(Kg) 

BMI 

(Kg/m
2) 

Waist-

Hip 

ratio 

BI 

(Basal 

insulin) 

m-IU/ml 

LH 

m-

IU/ml 

FSH 

m-IU/ml 

LH/FS

H 

Ratio 

Testo. 

ng/ml 

Means ± 

SD 

21.9± 

3.07 

158.5± 

6.52 

53.9± 

2.13 

21.63± 

1.16 

0.82± 

0.06 

34.8± 

9.37 

5.04± 

0.6 

3.78± 

0.37 

1.34± 

0.15 

0.64± 

0.1 

 

Table 1/Fig. 1 shows that the controls (n=10) had 

a mean age of 21.9 years, mean height 158.5 cm, 

mean weight 53.9 kg, mean BMI 21.63 kg/m
2
, 

mean WHR 0.82, mean basal insulin 

(BI)/34.8μIU/mL, mean LH 5.04mIU/mL, mean 

FSH 3.78mIU/mL, mean LH:FSH ratio 1.34 and 

mean testosterone 0.54 ng/ml.  

 

 
Figure 1: Demographic characteristics, clinical and biochemical parameters in normal female individuals 

(n=10) 

 

Table 2: Clinical and biochemical parameters in overweight individuals (BMI > 25 kg/m
2
) with PCOS 

(n=49) 

Characteristics BMI > 25 kg/m
2
 Basal Insulin (m-IU/ml) LH/FSH Ratio Testo. (ng/ml) 

Means ± SD 28.98±3.11 33.49±13.32 2.01±1.46 1.38±1.34 

Table 2/Fig. 2 shows hormonal status and BMI in 

PCOS individuals, who were overweight (BMI > 

25 kg/m
2
). They had a mean BMI 28.98 kg/m

2
, 

mean basal insulin (BI) 33.49 μ IU/ ml, mean LH: 

FSH ratio 2.01, mean testosterone level 1.38 

ng/ml. 
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Table 3: Clinical and biochemical parameters in obese individuals (BMI ≥ kg/m
2
) with PCOS (n=21) 

Characteristics BMI ≥ 30 kg/m
2
 Basal Insulin (m-IU/ml) LH/FSH Ratio Testo. (ng/ml) 

Means ± SD 31.86±2.51 34.63±13.67 1.56±1.18 1.25±1.04 

Mean body mass index (BMI) was 21.6 kg/m
2
 in 

normal women, 27.44 kg/m
2
 in overweight 

subjects (n=44) and 31.86 kg/m
2
 in obese subjects 

(n=21) [Table 3/Fig.3a,3b]. 

 

Table 4: Clinical and biochemical parameters in overweight individuals (BMI 25-30 kg/m
2
) with PCOS 

(n=23) 

Characteristics BMI ≥ 30 kg/m
2
 Basal Insulin (m-IU/ml) LH/FSH Ratio Testo. (ng/ml) 

Means ± SD 26.86±1.04 32.64±13.24 2.35±1.57 1.47±1.53 

In this group, mean BMI 26.86 kg/m
2
, mean basal insulin 32.64 m-IU/ml, mean LH-FSH ratio 2.35 and 

mean testosterone 1.47 ng/ml [Table 4]. 

 

Table 5: Hormonal status and BMI in hirsute individuals (F-G score>8) with PCOS (n=31) and presence of 

family history of hirsutism  

Characteristics BMI ≥ 30 

kg/m
2
 

Basal Insulin 

(m-IU/ml) 

LH/FSH Ratio Testo. 

(ng/ml) 

Family hist. of Hirsutism 

Means ± SD 29.24±4.78 32.94±14.11 1.96±1.08 1.96±1.51 Post. 7 (22.58%) 

Neg. 24 (77.42%) 

When FG score>8 was considered, it was found 

that overweight subjects were 35.4% and obese 

40%. Increased value of basal insulin was found 

in 14 subjects (40%). Family history of hirsutism 

was positive in 7 subjects (22.5%). In this group, 

mean BMI 29.24 kg/m
2, 

mean basal insulin
 
32.94 

m-IU/ml, mean LH/FSH Ratio 1.96 and mean 

testosterone 1.96 ng/ml (Table 5/Fig. 5). 

 

Table 6: Hormonal status and BMI in insignificant or no hirsute individuals (F-G score<8) with PCOS 

(n=39) and presence of family history of hirsutism  

Characteristics BMI ≥ 30 

kg/m
2
 

Basal Insulin 

(m-IU/ml) 

LH/FSH Ratio Testo. 

(ng/ml) 

Family hist. of Hirsutism 

Means ± SD 26.24±2.83 29.02±14.25 2.11±1.5 1.28±1.34 Pos. 6 (15.38%) 

Neg. 33 (84.62%) 

When FG score<8 (insignificant hirsutism) was 

considered along absence of hirsutism in the study 

subjects, it was found that overweight subjects are 

66.66%. Family history was positive in 6 subjects 

(15.38%). In this group, mean BMI 26.24 kg/m
2
, 

mean basal insulin 29.02 m-IU/ml, mean LH/FSH 

Ratio 2.11 and mean testosterone 1.28 ng/ml 

(Table 6). 

 

Table 7: Hormonal status and BMI in sonographically determined PCOS individuals (n=45) 

USG +Ve findings BMI (kg/m
2)

 Testo. (ng/ml) LH/FSH Ratio Basal Insulin (m-

IU/ml) 

Both sides 32 (71.11%) 

Right side 3 (6.67%) 

Left side 10 (22.22%) 

26.9±3.37 1.34±1.31 2.09±1.44 31.64±14.16 

On USG, bilateral affect was found in 71.11%, 

only right side 3 (6.67%) and only left side 10 

(22.22%) [Table 7]. In this group, mean BMI 26.9 

kg/m
2
, mean basal insulin 31.64 m-IU/ml, mean 

LH/FSH Ratio 2.09 and mean testosterone 1.34 

ng/ml. From this table it was evident that within 

the USG determined subjects, positive predictive 

value of high total testosterone was 64.44% in 

comparison to the same of LH-FSH ratio 55.55%. 

 

Table 8: Relationship of basal insulin with acanthosis nigricans in PCOS individuals (n=40) 

Basal Insulin (m-IU/ml) Acanthosis Nigricans (observed over neck) 

38.94±12.39 Pos. 36 (90%), Neg. 04 (10%) 
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Acanthosis nigricans was found in 36 subjects 

(90%), out of which increased basal insulin was 

found in 24 subjects (66.66%) [Table 8]. In this 

group, mean basal insulin was 38.94 m-IU/ml. 

 

Table 9: Relation of increased LH-FSH ratio (≥2) with USG in PCOS individuals (n=37) 

LH:FSH USG findings 

2.81±0.74 Normal 11 (29.73%) 

Left + Right 19 (51.35%) 

Right 01 (2.7%) 

Left 6 (16.22%) 

When USG criteria was taken for diagnosis, it was 

seen that for increased LH:FSH (ratio ≥2), both 

right as well as left sided cysts had been found in 

total 37 cases. In this group, mean LH:FSH ratio 

was 2.81 [Table 9]. 

 

Table 10: Relation of high testosterone (>0.76 ng/ml) and other hormones and USG findings in PCOS 

individuals (n=42) 

Testosterone (ng/ml) LH:FSH Basal Insulin (m-IU/ml) USG findings 

1.91±2.1 2.5±1.4 30.18±13.43 Right 2 (4.76%) 

Left 7 (16.67%) 

Right +Left 20 (47.62%) 

Normal 13 (30.95%) 

Table 10 shows relationship between high 

testosterone ((>0.76 ng/ml) with other hormones 

and USG findings in PCOS individuals (total 42 

subjects). In this group, mean basal insulin was 

30.18 m-IU/ml, mean LH:FSH ratio was 2.5 and 

mean testosterone was 1.91. 

 

 
Figure 2: Clinical and biochemical parameters in overweight individuals (BMI > 25 kg/m

2
) with PCOS 

(n=49) 
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Figure 3a: Clinical and biochemical parameters in obese individuals (BMI ≥ kg/m

2
) with PCOS (n=21) 

 

 
Figure 3b: Clinical and biochemical parameters in obese individuals (BMI ≥ kg/m

2
) with PCOS (n=21) 
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Figure 4a: Clinical and biochemical parameters in overweight individuals (BMI 25-30 kg/m

2
) with PCOS 

(n=23) 

 

 
Figure 4b: Clinical and biochemical parameters in overweight individuals (BMI 25-30 kg/m

2
) with PCOS 

(n=23) 
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Figure 5: Hormonal status and BMI in hirsute individuals (F-G score>8) with PCOS (n=31) and presence of 

family history of hirsutism  

 

Discussion 

In the present study, the normal population 

showed the mean height of 158.5 cm, mean 

weight of 53.9 kg and mean BMI of 21.6kg/m
2
. 

Earlier studies done upon the population of 

western countries
7
 showed a mean BMI of 

25.9kg/m
2
. In our study the mean waist:hip ratio 

was found to be 0.82, in comparison to the 

western group having the mean ratio of 0.77
7
; the 

mean LH level was 5.04 m-IU/ml in comparison 

to the western data showing 4.1 m-IU/ml. 

Similarly, the mean FSH level was 3.78 m-IU/ml, 

while in western findings it was 4.9 m-IU/ml.
7
 

The mean LH:FSH ratio was 1.34 in the present 

study, whereas it was 0.9 in the western group.
7
 

The mean total testosterone level was 0.64 ng/ml, 

whereas the western group showed the same as 

1.2 ng/ml.
8
. The above data suggested that the 

Indian population (Bengali women) has a lower 

body weight but with increased abdominal fat in 

comparison to western group and both LH:FSH 

and hyperandrogenism are less in our population. 

Prevalence of PCOS in our study was 19.7%. 

Fouzia Nazir et al. (1999) conducted a retrospec-

tive study on 52 women having polycystic ovary 

syndrome with fertility deprivation.
10

 The 

prevalence of PCOS in their study was found 

20.7% which is almost similar to our study. 

Ahemad Aboul Nasr et al. (2004) conducted a 

prospective study on 50 patients to assess the 

morphological findings of the ovary based on 

trans- vaginal ultrasound in infertile 

oligomenorrheic women and their productivity for 

endocrine sign of polycystic ovary syndrome.
11

 

They found prevalence of PCOS in their study 

was 22%. R. Hart et al. (2004) concluded that 

PCOS perplexing endocrine disorder of women in 

their reproductive years with prevalence up to 

10%.
12 

About 42.22% (19/45) USG diagnosed PCOS 

subjects had significant hirsutism (FG >8). In this 

hirsute PCOS subset, high BMI was found in 

35.4%, high BI in 40%, high LH:FSH ratio in 

51.6% and high testosterone in 64.5%. By 

Student’s t-Test, it was derived that BMI was very 
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significantly high (P<0.0002; 29.24 ± 4.78 vs 

21.67 ± 1.18) and testosterone value significantly 

high (P < 0.01; 1.76±1.51 vs 0.54 ± 0.1) than that 

in the control. It supports the idea that LH 

produced increased androgen by thecal 

stimulation, which in turn, caused hirsutism.
13

 It 

also supports the result of an earlier study done in 

the Kashmir valley of India that PCOS was a 

cause of hirsutism in 37.3% of the Indian 

population.
14  

Western study also showed high 

testosterone level in hirsute
 

subgroup (>95th 

percentile of normal) . Greater body mass in
 

hirsute group was also the result of high 

testosterone causing
 
obesity.

13
  

H. Hassa et al. (2006) conducted a retrospective 

study to determine the hormonal and clinical 

profiles of polycystic ovarian syn- drome. 46% 

patients in their study had oligomenorrhea.
15

 On 

correlating oligomenorrhea with hormone levels 

we found that it significantly correlated with 

raised LH:FSH ratio and raised total testosterone 

levels. There was statistical significance of raised 

LH with oligomenorrhea. Abdul Razak et al. 

(2007)
[18]

 concluded that oligomenorrhea 

correlated with raised LH:FSH ratio.
16 

According to NIH-NICHHD criteria for diagnosis 

of PCOS
 
(set in 1990), USG was not mandatory.

17
 

Western data
 

showed that around 50% of 

biochemically diagnosed PCOS
 
had fulfilled USG 

criteria.
18

 It was done for comparison of
 
hormonal 

levels in the present study. 62.8% or 45 of 70
 

subjects demonstrated the USG proof of diagnosis 

and of
 
them, 70.45% had bilateral involvement. 

Only left side was
 
involved in 22.72% and only 

right side in 6.81% of the USG
 
detected PCOS 

subjects. This implied that if only a single
 
ovary is 

involved, there is a propensity for left-sided
 

involvement. 

About 31% patients were hirsute. Pache TD et al. 

(1991) conducted a study on 95 patients and found 

hirsutism in 63% patients.
19

 Fouzia Nazir (1999)
20

 

conducted a study on diagnosis and management 

in fertility deprivation in patients of PCOS found 

the hirsutism in 84.6% of patients. Abdul Razzak 

et al. (2007)
21

 found 64.49% patients hirsute. 

Analysis of their biochemical data showed that 

women with polycystic ova- ries had higher total 

testosterone levels than in women with normal 

ovaries (P = 0.03 Sharquie et al. (2007) found that 

total Testosterone levels were seen elevated in 

60% of patients in the study the results are in 

agreement with results obtained in Rahila  

Yousouf et al  study.
22 

 

Conclusion 

PCOS is fairly a common entity in West Bengal 

female population. Many of the young women 

present with irregular period and oligomenorrhea 

at their post menrachal life (15-20 yrs). A 

significant number present with hirsutism as 

cosmetic problems and a small number of 

individuals come with obesity. There is a 

significant abdominal obesity in this city, which 

can be measured by waist-hip ratio. Most of the 

PCOS patients of this city are overweight rather 

than obese. In PCOS there was increased LH and 

there by increased LH-FSH ratio, which is usually 

used as a single hormonal estimation for 

diagnosis. In accordance to previous studies it 

may be suggestable that the free or total 

testosterone level can be a singular and vital 

hormonal marker for diagnosis. Both LH-FSH 

ratio and testosterone can be taken for accuracy of 

diagnosis.  

USG imaging of ovaries is also a very sensitive 

modality for diagnosis, although the syndrome 

cannot be established without laboratory data. A 

significant proportion of patients in this study 

presented with acathosis nigricans with a strong 

correlation with hyperinsulinemia in PCOS 

subjects. Hirsutism subset is directly related to 

high testosterone level and also body weight is 

more in the hirsute subset of the present study 

compared to the western data.   
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