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Abstract 

Obesity is linked to various gynaecological conditions like polycystic ovary syndrome (PCOS) and leads to metabolic 
syndrome. Early diagnosis of visceral obesity would help control the occurrence and progression of these diseases The 
aim of the study was to compare waist circumference and waist-to-hip ratio with body mass index (BMI) as indicators 
of abdominal obesity. This cross-sectional study was conducted on 44 women with Polycystic ovary syndrome (PCOS) 
fulfilling Rotterdam criteria over a period of one year. Height, weight, waist circumference and hip circumference 
were measured. BMI and waist to hip ratio were calculated. These were compared with each other. Overall, average 
waist circumference and waist to hip ratio were found to be 68. 69 cm and 0. 82 respectively and mean BMI was 23. 07 
kg/m2. The prevalence of obesity by BMI was 69%,  abdominal obesity for WC was 59. 1% while for WHR 61. 36 %. 
Waist circumference was found to have high positive correlation with BMI (r=0. 75) compared to waist to hip ratio (r=0. 
40). Thus, waist circumference and waist hip ratio are easy methods of measuring fat distribution and can be used for 
the monitoring the development of metabolic syndrome in PCOS.  
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1. Introduction

Obesity is a rapidly growing health issue. Obesity is linked to various gynaecological conditions like polycystic ovary 
syndrome (PCOS), gestational diabetes mellitus (GDM), and hypertensive disorders of pregnancy (HDP) [1]. Body mass 
index (BMI) is the most commonly used parameter to measure obesity. However, many patients have excess visceral fat 
levels, even though they may have a normal body fat based on body mass index (BMI). Body weight alone or BMI may 
then, not be as important with respect to metabolic impact as fat distribution. Alternative easier measures such as Waist 
circumference and Waist to Hip Ratio have been evaluated [2]. Early diagnosis would help control the occurrence and 
progression of these diseases and metabolic syndrome. Hence, the study was done to see the association of waist 
circumference and waist hip ratio with body mass index in women with PCOS.  

2. Material and methods

This cross-sectional observational study was conducted on 44 women with Polycystic ovary syndrome (PCOS) 
fulfilling Rotterdam criteria over a period of one year[3]. Written informed consent was taken of all. Weight was 
measured in kilograms on a standardised weighing machine. Height was taken in centimetres upto two decimal points 
and BMI was calculated.  

Waist circumference was measured at the midpoint between the lower margin of the least palpable rib and the top of 
the iliac crest, using a stretch‐resistant. Hip circumference was measured around the widest portion of the buttocks, 
with the tape parallel to the floor. For both measurements, the woman was made to stand with feet close together, arms 
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at the side and body weight evenly distributed, and wearing little clothing. The measurements were taken at the end of 
a normal expiration. Each measurement was repeated twice; if the measurements were within 1 cm of one another, the 
average was calculated. If the difference between the two measurements exceeded 1 cm, the two measurements were 
repeated.  

Data was analysed and inferences drawn. P value <0. 05 was taken as significant.  

3. Results and discussion 

According to the WHO expert consultation in 2004, the proportion of Asian people with risk factors for type 2 diabetes 
and cardiovascular disease was substantial even below the existing WHO BMI cut-off point of 25 kg/m2. The tendency 
towards abdominal obesity was greater in them than in non-Asian populations. Hence, the WHO BMI cut off points for the 
Asian population were lowered and revised as BMI 18-22. 9 kg/m2 as normal weight, 23-27. 5 kg/m2 as overweight and 
>27. 5 kg/m2 as obese[4].  

In our study, there were 44 women with PCOS. 69% of the women had BMI more than normal range ( >23 kg/m2); 
with mean BMI being 23. 9 kg/m2 and 28. 6 kg/m2 in the overweight and obese groups respectively as compared to the 
normal weight group where mean BMI was 20. 5 kg/m2.  

In women, waist circumference > 80 cm and waist to hip ratio > 0. 81 were considered as increased and markers of 
abdominal obesity [5]. Waist circumference and waist hip ratio were increased in 59. 1% and 61. 3% respectively.  

Even among the women with normal BMI, 65 % had increased waist circumference and 55 % had increased waist hip 
ratio. Majority of overweight and obese women had high waist circumference, 55% and 83% respectively. They also 
had high waist hip ratio, 55 % and 83 % respectively.  

The correlation coefficient, r value to note the association of waist circumference and waist hip ratio with BMI was R = 
0. 75 and R = 0. 40 respectively, which signifies strong correlation. Hence, waist circumference and waist hip ratio was 
reliable as predictors of abdominal obesity.  

   Table 1 Association of Waist hip ratio and Waist Circumference with BMI 

  

Total BMI 

N=44 (%) 

Mean + SD 

Normal BMI 

18-22. 9 kg/m2 

N=20 Mean + 
SD 

Overweight BMI 

23-27. 5 kg/m2 

N=18 Mean + SD 

Obese BMI >27. 5 

kg/m2 N=6 

Mean + SD 

Waist to Hip 
ratio 

<0. 81 

17 (38. 64%) 

Mean 

0. 74(+0. 12) 

8 

Mean 

0. 71(+0. 18) 

8 

Mean 

0. 77(+0. 18) 

1 

Mean 0. 79 

 

>0. 81 

27 (61. 36%) 

Mean 

0. 86(+0. 18) 

12 

Mean 

0. 82(+0. 12) 

10 

Mean 

0. 88(+0. 14) 

5 

Mean 

0. 95(+0. 16) 

Waist 
Circumferen

ce 

<80 

cms 

18 (40. 9%) 

Mean 

71. 96(+8. 6) 

9 

Mean 

67. 3 (+8. 1) 

8 

Mean 

76. 3 (+7. 8) 

1 

Mean 

79. 2 

>80 

cms 

26 (59. 1%) 

Mean 

95. 87(+6. 2) 

11 

Mean 

87. 8 (+8. 1) 

10 

Mean 

98. 3 (+5. 2) 

5 

Mean 

108. 8 (+4. 1) 

SD: standard deviation 
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R = 0. 75 R = 0. 40 

Figure 1 Comparison of Waist Circumference and Waist-To-Hip Ratio with BMI 

In a study done by Al-Nakash and Al-Tae’e et al in 2007 in Iraq, 63. 55% of women with PCOS were found to be 
overweight or obese [6]. In India, a study done by Thathapudi et al in Hyderabad in 2014 also found that 70% of PCOS 
patients were overweight (BMI >25 kg/m2) [7].  

Studies have shown that BMI differs across ethnic groups. The explanation for high incidence of overweight can be 
attributed to food habits and life styles of Indian women. With an increase in ready to cook foods, favour of junk food 
and sedentary lifestyle, the incidence of PCOS is increasing.  

Ahmad N et al observed that in females, WC showed strong and positive correlation with BMI compared to WHR (WC r 
= 0. 72, WHR r = 0. 19; P < 0. 001) [8]. 

WC is an important measure of abdominal obesity compared to WHR, which can be low in some obese people because 
of high hip circumference (in denominator). Sometimes it is difficult in clinical setting to obtain an accurate 
measurement of hip circumference as compared to WC. In a study, WHR managed to identify more women in the 
underweight and normal groups as abdominally obese than did WC. A high WHR in a nonobese woman would also 
suggest that the hip circumference was low [9].  

Obesity is a prominent feature of PCOS and its role in the development of PCOS has been widely accepted. Obesity, 
particularly the abdominal phenotype, may be partly responsible for insulin resistance and associated 
hyperinsulinemia in women with PCOS. Therefore, obesity-related hyperinsulinemia may play a key role in favouring 
hyperandrogenism in these women. Other factors such as increased oestrogen production rate, increased activity of the 
opioid system and of the hypothalamic-pituitary-adrenal axis, decreased sex hormone binding globulin synthesis and, 
possibly, high dietary lipid intake, may be additional mechanisms by which obesity favours the development of hyper 
androgenism in PCOS [10].  

The gynoid type of fat distribution develops during female puberty and persists during the fertile phase of adult life. 
Peripheral fat tissue, especially in the lower body region is an important source of extra- ovarian oestrogen synthesis, 
because the aromatization from androgens to oestrogens takes place there. The major endocrine symptom of PCOS, 
hyperandrogenicity, is clearly associated with a preponderance of fat localized in the upper body sites. This sex specific 
fat distribution, commonly called android fat distribution, is associated with obesity and a variety of metabolic 
characteristics and is also an indicator of reduced reproductive capability of the woman [11].  

Waist circumference and waist hip ratio were an easy, inexpensive, and accurate way to estimate the proportion of body 
fat.  

4. Conclusion 

Obesity appears to exacerbate pre-existing clinical, hormonal, and metabolic features in women with PCOS. Majority of 
PCOS patients have an excess body fat level, even though they may have a normal body fat based on body mass index 
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(BMI). In women with PCOS, body weight alone or BMI may not be as important with respect to metabolic impact as fat 
distribution. Waist circumference is an easy method of measuring fat distribution and can be used for the prevention of 
development of metabolic syndrome in PCOS.  
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