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ABSTRACT 
 

BACKGROUND 

During the past decade, our understanding of pathophysiology of PCOS has undergone a remarkable evolution. Despite our 

familiarity with this disease, some of its fundamental characteristics remains poorly recognized and understood. The present study 

focuses on comprehensive knowledge about the current and emerging concepts of the PCOS such as, pathogenesis, diagnosis and 

better management of the syndrome. Obesity was found to be one of the important factors that contribute to the development of 

long-term risk of PCOS. In addition, increased obesity and abdominal adiposity further aggravate the clinical, hormonal and 

metabolic parameters in PCOS and, if treated, can reverse most of these abnormalities to a clinically significant degree. Our study 

suggests that anthropometric parameters (especially BMI & WHR) are significantly correlated with lipid profile in PCOS patients 

confirming the importance of early treatment of obesity to prevent further complications in the future. We wanted to study the 

anthropometric measurements, the hormonal status and biochemical parameters in females diagnosed with PCOS, study the 

correlation between them, and compare them with controls. 
 

METHODS 

In this prospective case control study, women clinically diagnosed with PCOS (N=100) and age matched healthy control female 

subjects (N=100) in the age group (18-35) years were enrolled. Body mass index (BMI), waist to hip ratio (WHR), fasting blood 

glucose, lipid profile and hormonal levels were estimated in both groups and further compared using student t-test. 

Anthropometric measurements were also correlated with the hormonal levels & biochemical parameters and the results were 

analysed using Pearson’s correlation coefficients. Sample size was taken for convenience. 
 

RESULTS 

We found that the levels of TSH, LH, FSH, LH/FSH ratio, prolactin, TC, TG, LDL & TC/HDL ratio were significantly raised in PCOS 

females as compared to healthy females (p < 0.0001). Anthropometric measurements (BMI, waist-to-hip ratio) showed significant 

positive correlation with TSH, biochemical parameters (TC, TG, LDL & TC/HDL ratio) and hormonal profile (LH, FSH, LH/FSH ratio 

& Prolactin) of PCOS women. 
 

CONCLUSIONS 

There is significant derangement in hormonal & biochemical status of women suffering from PCOS that leads to an altered energy 

metabolism and endocrinological cascade of PCOS. Also, the anthropometric measurements were statistically significantly different 

from controls which showed significant positive correlation with the hormonal and biochemical parameters. This emphasizes the 

importance of early treatment of obesity, timely identification of hypothyroidism and biochemical derangement to prevent 

complications in the future. Awareness, Prevention, and Treatment, of PCOS at an early stage should be actively taken up for a 

healthy woman and a healthy nation. 
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BACKGROUND 

Polycystic ovary syndrome is a common endocrinological 

disorder amongst women of reproductive age, yet the root 
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cause is still to be evaluated1. It is known to be associated 

with the abnormality of hypothalamic-pituitary –ovarian axis 

and the abnormal feedback mechanism by ovarian oestrogen 

resulting in relative increase of LH to FSH release ratio. 

Environmental factors implicated in PCOS (e.g., obesity) can 

be exacerbated by poor dietary choices and physical 

inactivity; infectious agents and toxins may also play a 

role.2 The reproductive and metabolic features of PCOS are 

sometimes reversible with lifestyle modifications such as 

weight loss and exercise.3 Approximately 50% of PCOS 

women are overweight or obese which may play a pathogenic 

role in the development of insulin resistance and associated 
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hyperinsulinemia in women with PCOS.4-6 Prevalence of 

obesity and diabetes mellitus in most industrialized countries 

including India is also on the rise owing to urbanization and 

change in lifestyle. Recently a few studies among adolescents 

in schools report prevalence of PCOS as 9.13% to 36%.7,8  

Gainie and Kalra9 have pointed out that the cost of handling 

the associated multiple consequences of PCOS will be a huge 

drain on the overburdened health resources of India. It is 

time to acknowledge PCOS as an important non-

communicable disease.10 Moreover the cost involved in 

diagnosis accounts only for a fraction of the total costs of 

managing PCOS (approximately 2%). Screening for the 

disorder will bring about early intervention and possibly 

prevention of serious sequel.11 In view of the above this study 

was conducted to study the association of anthropometric 

measurements, biochemical parameters and hormonal levels 

in women with PCOS and to determine the significance of 

these levels in low resource centers. 

 

METHODS 

In this prospective, case control study, women clinically 

diagnosed with PCOS (N=100) and age matched healthy 

control female subjects (N=100) in the age group (18-35) 

years were enrolled & conducted in the department of 

Obstetrics and Gynecology; SGT medical college, Hospital and 

Research Institute (SGT University) Gurugram-Delhi-NCR, 

India. The study was approved by Institutional Ethical 

Committee. An informed written consent was obtained from 

all subjects at the study entry after apprising them the nature 

and objectives of the study. Sample size was taken for 

convenience. 

Selection of cases and controls was done by simple 

random sampling. 

The study group comprised two hundred Indian women 

(Aged 15 to 35 years) from 2014 to 2017. One hundred 

patients with a clinical diagnosis of polycystic ovary 

syndrome (PCOS) were recruited for the study from the out-

patient department (OPD) of Obstetrics and Gynaecology of 

SGT medical college, Hospital and Research Institute. One 

hundred healthy age matched subjects were randomly 

selected from the students and staff of SGT Medical College 

and recruited as controls. 

The diagnosis of PCOS of all suspected cases was made 

according to the revised criteria of the Rotterdam 

ESHRE/ASRM-sponsored PCOS Consensus Workshop group 

based on their symptoms, Investigations and was further 

confirmed by high resolution ultra-solography. As per 

“Rotterdam revised criteria”12-13 which requires the presence 

of at least two out of three features i.e., Oligo- and/or 

anovulation, clinical and/or biochemical evidence of 

hyperandrogenism and or ultra-sonographic findings of 

polycystic ovaries. The controls were age matched females 

who did not have any menstrual irregularity, hirsutism, or 

signs of hyperandrogenism. 

The study groups were screened based on Rotterdam 

revised criteria.  
 

Study Design 

Prospective case control study. 
 

Place and Duration of Study 

Sri Guru Gobind Singh Tricentenary Hospital, Medical College 

and Research Institute, SGT University, Budhera, Gurugram, 

Haryana between 2014 to 2017. 

Inclusion Criteria 

All PCOS women as per the Rotterdam revised criteria. 

 

Exclusion Criteria 

The subjects with hypertension, syndrome of severe insulin 

resistance, diabetes mellitus, cardiovascular disease, 

congenital adrenal hyperplasia, androgen secreting tumours, 

Cushing syndrome, history of smoking and/or tobacco intake, 

androgenic/anabolic drug use or abuse or thyroid 

dysfunction and hyperprolactinemia were excluded from the 

study 

 

Statistical Methods 

All the parameters studied were expressed as Mean and 

standard deviation. Statistical analyses were performed using 

the Microsoft excel sheets, SPSS version 24.0 for windows. To 

determine the difference between mean levels of the cases 

and the controls, independent sample t-test was used. 

Pearson’s correlation analysis was employed to analyse data 

and to elucidate any relationship between the 

anthropometry, biochemical and hormonal parameters in 

PCOS women. 

 

RESULTS 

The present study was done to correlate anthropometry, 

biochemical status and hormonal levels amongst women with 

PCOS controls. Data was analysed for differences in 

anthropometric parameters, lipid profile, hormonal levels 

and serum biochemical markers between PCOS patients and 

healthy controls were studied by independent (Unpaired) 

Student’s t-test. 

Association of anthropometric, biochemical and hormonal 

parameters in PCOS patients were studied by Pearson’s 

correlation analysis. 

 

Anthropometric Measurements 

The women diagnosed with PCOS (n= 100) and the healthy 

controls (n=100) were in the age group (18-35 years). The 

mean age of PCOS patients was (23.34±4.33) years and for 

controls was (22.44± 2.43) years .Anthropometric 

measurements (BMI: body mass index, WHR: waist to hip 

ratio) of PCOS patients and healthy subjects is presented in 

Table A 
 

Variables PCOS Cases Control t-Value p-Value 
Age (Years ) 23.34 ± 4.33 22.44 ± 2.43 1.81 0.07 

BMI 
((Kg/ m2) 

25.21 ± 3.34 20.32 ± 2.63 11.48 <0.001** 

WHR 0.86 ±.05 0.77 ± 0.05 11.33 <0.001** 

Table A 

BMI and WHR were significantly increased in PCOS patients 
compared to healthy controls. 

 
 

Variables 
PCOS 
Cases 

Controls t-Value p-Value 

Fasting Blood 
Sugar  

(mg/dL) (FBS) 

92.76 ± 
8.21 

89.43 ± 
7.39 

3.01 0.003** 

Total Cholesterol  
(mg/dL) )(TC) 

172.52 ± 
31.16 

142.22 ± 
15.57 

8.69 <0.001** 

Triglycerides  
(mg/dL) )(TG) 

128.4 ± 
48.54 

91.82 ± 
21.79 

6.87 <0.001** 

High Density 
Lipoproteins- 

41.72 ± 
5.32 

46.89 ± 
3.86 

-7.85 <0.001** 
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Cholesterol  
(mg/dL)) (HDL) 

Low Density 
Lipoproteins- 

Cholesterol  
(mg/dL)) (LDL) 

116.65 ± 
28.5 

84.18 ± 
12.48 

10.43 <0.001** 

Very Low-Density 
Lipoproteins-

Cholesterol 
VLDL-C (mg/dL) 

25.68 ± 
 9.7 

18.36 ± 
4.35 

6.87 <0.001** 

LDL-C/HLDL-C 
Ratio 

2.85 ±  
0.86 

1.8 ±  
0.29 

11.5 <0.001** 

TC/ HDL-C Ratio 4.2 ± 0.95 3.05 ± 0.41 11.06 <0.001** 

Table B 
 
 

Biochemical Parameters 

Biochemical parameters of PCOS patients and healthy 

subjects is presented in Table B. Fasting blood sugar (FBS) in 

PCOS patients (p=0.003) compared to healthy subjects was 

significantly raised. All lipids studied such as total cholesterol 

(TC), tri glycerides (TG), low density lipoprotein cholesterol 

(LDL-C) and very low density lipoprotein cholesterol (VLDL-

C) were significantly increased in PCOS patients compared to 

control group (p<0.001) whereas high density lipoprotein 

cholesterol (HDL-C) was significantly decreased in PCOS 

patients compared to control group (p<0.001) and the lipid 

risk factors such as LDL-C/HDL-C ratio and TC/HDL-C ratio 

were significantly elevated in PCOS patients (p<0.001) ** 

compared to controls. 
 

Hormonal levels 

Table C shows the hormonal levels of PCOS patients and 

healthy subjects. We found significant elevation in hormonal 

parameters such as thyroid stimulating hormone (TSH); 

luteinizing hormone (LH); follicle stimulating hormone 

(FSH); prolactin (PRL), and LH/LSH ratio in PCOS patients 

(p<0.001) compared to controls. 
 

Variables PCOS cases Controls t-value p-value 
TSH (µIU/dL) 3.39 ± 2.82 1.67 ± 0.86 5.8 <0.001** 
LH (mIU/L) 8.2 ± 6.22 3.6 ± 0.93 7.32 <0.001** 

FSH (mIU/L) 5.71 ± 2.38 4.45 ± 1.05 4.81 <0.001** 
PRL (ng/dL) 13.31 ± 8.4 7.39 ± 1.58 6.92 <0.001** 
LH/FSH ratio 1.67 ± 1.23 0.81 ± 0.14 6.92 <0.001** 

Table C 
 

Correlation Analysis 

1. Association of Anthropometric Measurements and 

Lipid Profile 

Analysis of test was done by an independent (Unpaired) 

student‘s test. p<.001** when compared with control 

subjects. The present study showed significant Correlation 

between anthropometric measurements and lipid profile in 

PCOS patients (Table D). 
 

Variables BMI WHR 
 r p r p 

TC 0.50 0.001** 0.42 0.001** 

TG 0.44 0.001** 0.40 0.001** 

HDL-C -0.25 0.001** -0.32 0.001** 

LDL-C 0.57 0.001** 0.44 0.001** 

VLDL-C 0.44 0.001** 0.40 0.001** 

LDL-C/ HDL-C 
Ratio 

0.54 0.001** 0.47 0.001** 

TC/ HDL-C Ratio 0.50 0.001** 0.48 0.001** 

Table D 

BMI had a significant positive relationship with TC, TG, LDL-

C, VLDL-C, LDL-C/HDL-C ratio, and TC/HDL-C ratio 

respectively and significant negative co-relation with HDL-C 

whereas, WHR showed positive correlation with TC, TG, LDL, 

VLDL-C, LDL-C/HDL-C ratio and TC/HDL ratio and significant 

negative correlation with HDL-C PCOS patients. 

 

2. Association of Anthropometric Measurements and 

Hormonal Profile (Table E) 

Analysis of data was done by Pearson’s co-relation. r (Co-

relation coefficient) (Statistically significant at p<0.05 )*, 

(Statistically significant at p<0.01 )** When compared with 

control subjects. 

 

Variables BMI WHR 
 r p r p 

TSH 0.31 0.001** 0.35 0.001** 
LH 0.15 0.02* 0.28 0.001** 

FSH 0.20 0.004** 0.29 0.001** 
PRL 0.24 0.001** 0.31 0.001** 

LH/FSH Ratio 0.14 0.04* 0.25 0.001** 

Table E 

 

In the present study, hormonal parameters showed 

significant positive correlation between anthropometric 

measurements such as BMI and WHR in PCOS patients BMI 

had a significant positive relationship with TSH, LH, FSH, PRL, 

and LH/FSH ratio respectively whereas, WHR showed 

positive correlation with TSH, LH, FSH, PRL, and LH/FSH 

ratio in PCOS patients. 

 

Variables  TSH LH FSH PRL 
LH/FSH 

ratio 

TC 
r 0.19 0.25 0.22 0.10 0.17 
p 0.006** 0.001** 0.001** 0.14 0.01* 

TG 
r 0.33 0.08 0.23 0.11 0.01 
p 0.001** 0.23 0.001** 0.10 0.84 

HLDL-C 
r -0.16 -0.19 -0.15 -0.22 -0.18 
p 0.02* 0.007** 0.02* 0.002** 0.008** 

LDL-C 
r 0.24 0.13 0.22 0.18 0.09 
p 0.001** 0.04* 0.001** 0.008** 0.18 

VLDL-C 
r 0.33 0.08 0.23 0.11 0.01 
p 0.001** 0.23 0.001** 0.10 0.84 

LDL-
C/HLDL-C 

Ratio 

r 0.23 0.16 0.22 0.21 0.13 

p 0.001** 0.01* 0.001** 0.003** 0.06 

TC/ HDL-C 
Ratio 

r 0.20 0.27 0.23 0.18 0.21 
p 0.004** 0.001** 0.001** 0.009** 0.002** 

Table F 

 

3. Association of Lipid Profile and Hormonal 

Parameters (Table F). 

In the present study significant correlation between lipid 

profile and hormonal parameters were shown in PCOS 

patients. 

TSH had a significant positive relationship with TC, TG, 

LDL-C, VLDL-C, LDL-C/HDL-C ratio, and TC/HDL-C ratio 

whereas significant negative with HDL-C.LH had a significant 

positive relationship with TC, LDL-C, VLDL-C, LDL-C/HDL-C 

ratio, and TC/HDL-C ratio respectively and significant 

negative co-relation with HDL-C.FSH had a significant 

positive relationship with TC, TG, LDL-C, VLDL-C, LDL-

C/HDL-C ratio, and TC/HDL-C ratio whereas significant 
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negative with HDL-C.PRL had a significant positive 

relationship with LDL-C, LDL-C/HDL-C ratio, and TC/HDL-C 

ratio whereas significant negative with HDL-C.LH/FSH ratio a 

significant positive relationship with TC and TC/HDL-C ratio 

and whereas significant negative with HDL-C in PCOS 

patients. 

 

DISCUSSION 

Polycystic Ovary syndrome is a common endocrinological 

disorder amongst women of reproductive age. The 

consequences of PCOS have reproductive repercussions as 

well as subsequent risk of metabolic syndrome, hypertension 

and cardiovascular disease. 

 

Anthropometric Measurements in PCOS Patients 

In our study 53% of the PCOS patients were found to be 

either overweight or obese (BMI>25 Kg/m2) similar to the 

findings of Gomathi K14 et al, Cheng X, 15 El-Hafeez HA16 et al 

and Rasool SO17 and contradictory to what was reported by 

Ahmadi et al.18 The marker of body fat content is body mass 

index (BMI) that increase the diagnostic power of identifying 

“at risk” groups. Yildiz BO, et al,19 Cheng X, et al15 reported 

that the prevalence of PCOS increased with the degree of 

obesity. Similarly, El-Hafeez HA et al. (2010) showed an 

increased BMI and waist circumference of PCOS women 

having insulin resistance.16 Saghafi-Asl et al. and Sousa RML 

et al. (2013) in their studies, documented significant positive 

correlations of anthropometric measures with lipid 

parameters, waist to height ratio (WHR) showed the 

strongest correlation with cholesterol (TC) (r=0.37, p=0.004 ) 

and low density lipoprotein cholesterol (LDL-C) (r = 0.33, p = 

0.011) amongst PCOS patients.20,21 Thathapudi et al. (2014)22 

documented that, the mean BMI, waist circumference, hip 

circumference, waist to hip ratio of PCOS subgroups were 

significantly higher (p < 0.0001), than the controls or the sub 

groups with irregular mensuration, hyperandrogenism and 

polycystic ovaries. Rasool SO et al. (2015)17 and Shah AK et al. 

(2017)23 studied the anthropometric measurements in 

women with PCOS and reported the presence of android 

obesity with regards to BMI and waist to hip ratio (WHR). 

High body mass index and low serum HDL cholesterol are 

most frequently occurring components of the metabolic 

syndrome in PCOS. The present study has shown a significant 

increase in the mean levels of anthropometric parameters 

(BMI & WHR) (Table A), and a positive correlation with PCOS 

subjects in accordance with the previous study shown by Kar 

S.24 

Waist-to-hip ratio (WHR) is a well-known factor 

associated with android type of obesity and in the presence of 

metabolic risk factors measurement of waist circumference 

can be more accurate to correlate excess abdominal fat than 

the total body fat. In the present study, 65% of the PCOS 

patients were found to have WHR >85 cm (Table A) and is 

similar to the findings of Thathapudi S22 et al; but contrary to 

the findings of Rasool SO.17 

Anthropometric characteristics (Especially BMI & Hip 

circumference) are more important parameters related to 

lipid profile in PCOS patients. In our study, among 

anthropometric measures, BMI & WHR showed significant 

positive correlations with lipid components (TC, TG, LDL-

C/HDL-C ratio, TC/HDL-C ratio, and significant negative 

correlation with HDL-C (Table D). 

Dyslipidaemia with PCOS 

In the present study dyslipidaemia associated with PCOS has 

been characterized by significant increase in the mean levels 

of all lipids (TC, TG, LDL-C, VLDL-C, LDL-C/HDL-C ratio, and 

TC/HDL-C ratio) and significant decrease in HDL-C levels in 

PCOS patients compared to the healthy subjects (Table B). 

These results are comparable to the results of Legro et al25 

and Diamanti Kandarakis E.26 LDL-C level was elevated in 

PCOS patients when compared to controls which has been 

reported by Legro et al25 as well. Regardless of the degree of 

obesity, a high proportion of women with PCOS are obese and 

are more likely to have central (Abdominal) distribution of 

body fat, which may be associated with insulin resistance and 

hyper androgenemia.26 Besides this Kalra et al found that 

insulin resistance is associated with dyslipidaemia in women 

with PCOS independent of obesity.27 Sarbhai V et al (2016) 

stated that clinical hormonal and metabolic alterations in 

women with PCOS were exacerbated by obesity, irrespective 

of clinical features like menstrual disturbances, infertility, 

hirsutism, acne and acanthiosis nigricans.28 However PCOS 

may intensify the adverse effects of obesity on insulin 

resistance.29 On the other hand recent research by Zafar KS  

et al30 suggested that not all women with PCOS will develop 

dyslipidaemia and its complications but having PCOS 

enhances the chance for it Decreased HDL-C has been 

reported in more than two –thirds of PCOS subjects.31 Our 

study has shown an increased level of FBS in PCOS patients 

indicating abnormal glucose metabolism similar to Rabelo –

Acevedo M et al.32 Deranged lipid profile in PCOS women and 

significant positive correlations of lipid profile with BMI and 

WHR has also been shown recently by Shah et al23 but this is 

contradictory to what has been reported by Kalra et al27 who 

did not find any such correlation. 

 

Hormonal Imbalances in PCOS 

In our study the mean values of all (TSH, LH, FSHand PRL) 

were significantly elevated in PCOS patients (Table C) 

indicating hormonal imbalances compared to controls as seen 

in other studies.23,33 Dipankar B et al34 noted 46.93% of PCOS 

had high LH/ FSH ratio. An inverse effect of LH and FSH on 

BMI and increased frequency of hirsutism in obese compared 

with lean PCOS women has been reported.35 Cho LW et al.31 

reported that LH/FSH ratio did not differ between the PCOS 

women and the non –affected group. Kumar A et al (2014)33 

reported a significant increase in the levels of serum LH; 

prolactin, TSH (p < 0.001) and increased LH/FSH ratio (>1.5) 

in women with PCOS compared with control women. In a 

recent case study, it was found that the levels of TSH, LH, FSH, 

prolactin and LH/FSH ratio were significantly raised in PCOS 

females (p< 0.0001) as compared to healthy females           

(Table E). Women with PCOS showed strong association 

between thyroid-stimulating hormone and insulin resistance 

independent of BMI and age and they had significantly 

altered endocrine and metabolic changes.36,37 Ganie MA et al. 

(2011)38 indicated that serum concentrations of triglyceride 

and TSH in patients with PCOS and subclinical 

hypothyroidism were higher than the controls. This is in 

concordance to the findings of Celik C et al.39 As per Cooper 

DS, and Benetti-Pinto CL et al subclinical hypothyroidism 

(SCH) is associated with higher low-density lipoprotein 

cholesterol and prolactin levels in young PCOS and no 

changes in other lipid parameters, insulin resistance or 
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phenotypic manifestations.40,41 There are also reports 

documenting contrasting results such as Enzevaei A et al. 

(2014) who documented that there is no co-relation between 

subclinical hypothyroidism (SCH) and insulin resistance in 

PCOS women.42 Hypothyroid disturbances and elevated 

thyroid stimulating hormone in PCOS women are associated 

with an adverse metabolic profile and the increased 

prevalence of subclinical hypothyroidism (SCH) in women 

with PCOS might be the result of increased BMI, total 

cholesterol (TC)/high density lipoprotein cholesterol (HDL) 

ratio and lower free thyroxin and HDL cholesterol                          

(p< 0.05).43, 44.45 

Increased LH/FSH ratio has been shown to be the gold 

standard46 and in our study LH/FSH ratio was found to be 

(>1.5) compared to controls while Cho LW et al31 reported no 

change. In addition, raised serum LH levels has been reported 

to be associated with oligomenorrhoea in PCOS patients by 

Yosouf R et al.47 In our study compared to healthy controls 

TSH levels were significantly raised (Table F)and a strong 

positive correlation with anthropometric parameters and 

lipid profiles was seen. This is contrary to the levels found by 

Gomathi et al but corresponds to what has been reported by 

Kumar et al33 and Cooper DS.40 As Dittrich R et al37 women 

with PCOS showed strong association between TSH and 

insulin resistance independent of BMI and age. 

 

CONCLUSIONS 

Proper diagnosis and management of PCOS is essential as 

PCOS has many potential metabolic risks if not managed 

appropriately.48 Our study showed derangement in hormonal 

& biochemical status of PCOS patients, high prevalence of 

hypothyroidism, and significant correlation of 

anthropometric parameters (especially BMI & WHR) with 

lipid profile. Bargiota A. et al stated that even though 

treatment should be individualized, it should also focus on all 

metabolic consequences and on decreasing future 

complications.49 This reiterates the importance of early 

treatment of obesity, timely identification of hypothyroidism 

and biochemical derangement to prevent complications in 

the future. However more extensive research and 

understanding of the pathophysiology of PCOS will improve 

treatment success and overall management of patients.50 
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