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Does body mass index have an effect on the 
prevalence of various symptoms of polycystic 

ovary syndrome and their associated risk factors?
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AbstrAct: The present cross-sectional study is an attempt to understand the effect of body mass index 
(BMI) on the prevalence of various symptoms of polycystic ovary syndrome (PCOS) and to evaluate its 
associated risk factors.
A total of 250 PCOS women diagnosed by Rotterdam Criteria (2003), age ranging from 18–45 years, at-
tending OPD of Gynaecology and Obstetrics of PGIMER, Chandigarh, India were enrolled in the study. All 
the participants were divided in three groups according to their body mass index (BMI). 
The polycystic ovaries (83.2%) were the most frequently occurring symptoms of PCOS followed by hirsut-
ism (74.4%), oligomenorrhea (60%), seborrhea (45.2%) and acne (40%). Category wise frequency distri-
bution showed higher prevalence of symptoms among women in overweight/obese category, which were 
further supported by correspondence analysis. Results of multivariate analysis revealed that marital status, 
type of diet, socio-economic status and physical activity level were potential risk factors contributing to 
severe manifestations of PCOS symptoms.
Obesity denoted as an important risk factor can exaggerate many symptoms of PCOS and also be a caus-
ative factor for menstrual disturbance. 

Key words: Body mass index, hirsutism, hyperandrogenism, menstrual disturbance, polycystic ovary syn-
drome

Introduction

Polycystic ovary syndrome (PCOS) is the 
most common gynaecological endocr-
inopathy among women in reproductive 
age, affecting 5–20% of women world-
wide (Azziz et al. 2016). The reproduc-

tive characteristics of PCOS includes 
excessive production of androgens, dys-
functionality of gonadotropin secreting 
hormones leading to menstrual distur-
bance, hirsutism and infertility (Sam and 
Dunaif 2003). The exact pathophysiol-
ogy of PCOS is still poorly understood 
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and characterized with varying manifes-
tations of hyperandrogenism, ovulatory 
dysfunction and polycystic ovary mor-
phology (Ekwutosi et al. 2012). The clin-
ical and biochemical features of PCOS 
women may differ according to ethnicity 
and different criteria used for its diagno-
sis (Kauffman et al. 2002).

It was observed by previous stud-
ies (Balen et al. 1995; Liou et al. 2009) 
that obesity exacerbates the clinical and 
biochemical features of polycystic ovary 
syndrome (PCOS). Diamanti-Kandarakis 
(2007) illustrated that the effect of obesi-
ty on the symptoms of reproductive func-
tions in PCOS is likely to be intermedi-
ated by insulin resistance. A variation in 
the clinical features of PCOS women has 
been noticed with a higher proportion 
in obese PCOS women in comparison to 
their age matched normal weight PCOS 
women (Gambineri et al. 2002) .Con-
siderable literature (Franks et al. 1991; 
Holte et al. 1994; Bernasconi et al. 1996; 
Hsu 2015; Ahmadi et al. 2017) has not-
ed that obese PCOS women presented 
severe functional hyperandrogenism and 
a close correlation may exist between 
adiposity and severity of symptoms in 
PCOS women. Conflicting evidence was 
recorded in some studies that subgroups 
with respect to body mass index did not 
affect the clinical features of women with 
polycystic ovary syndrome (Liou et al. 
2009; Tamimi et al. 2009). Therefore, 
consistent evidence documenting en-
hanced body weight may favor a more se-
vere clinical presentation of symptoms in 
PCOS. Consequently, the present study 
was conducted with the primary objec-
tive; (a) to determine the impact of body 
mass index in the clinical presentation 
of PCOS women and; (b) to evaluate the 
possible risk factors associated with the 
progression of PCOS.

Material and methods

The present cross-sectional study was 
comprised of 250 PCOS women with age 
ranging from 18 years to 45 years. Data 
were collected from the patients who vis-
ited the Out-Patient Department (OPD), 
Department of Obstetrics and Gynecol-
ogy in Postgraduate Institute of Medi-
cal Research and Education (PGIMER), 
Chandigarh, India. 

Inclusion criteria: Participants who 
fulfilled the following criteria were en-
rolled in the study:
1. A participant must be aged between 

18–45 years.
2. A participant must live in the Chandi-

garh Capital Region.
3. A participant follow the Rotterdam 

Criteria for PCOS diagnosis.
Exclusion criteria: Any subject having 

congenital adrenal hyperplasia, andro-
gen secreting tumors (hypothyroidism) 
or taking any medication influencing the 
endocrinal parameters of PCOS were ex-
cluded from the study. 

Our research design enrolled only 
those patients from the Out-Patient 
Department (OPD), of (PGIMER) who 
fulfiled our inclusion criteria and were 
identified with PCOS on the basis of 
Rotterdam Criteria (2003). The estimat-
ed prevalence of PCOS in North India is 
3.7% (Gill et al. 2013). The sample size 
was assessed using the following formula 
with 95% of confidence interval and 5% 
probability of type 1 error (Charan and 
Biswas 2013);

n = Zα2 × p × q / d2 
(1.96)2 × 3.7 × 0.96 / (0.05)2

where:
Zα = 1.96 for 95% level of confidence;
α – the risk of type 1 error;
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p – expected prevalence;
q – 1 − p;
d – the error of estimate.

The calculated sample size was 50 
women by using the above mentioned 
formula. 

Date of birth of each subject was asked 
and then it was converted into decimal 
age following decimal age calendar of 
Tanner et al. (1966). Additional informa-
tion on age of menarche, marital status, 
occupation, diet (vegetarian, non-vege-
tarian and ovatarian) as well as frequency 
of food intake (once, twice or thrice/day) 
was recorded as per interview schedule. 
Each subject was asked when menarche 
had commenced using menarche recall 
method. Then Kalpan Meier Survival 
Curve analysis was employed to estimate 
their age at menarche.

According to Rotterdam Criteria 
(2003) a total of two out of following 
three symptoms i.e. oligo-and/or an-
ovulation (defined by the presence of 
oligomenorrhea or amenorrhea); clinical 
and/or biochemical signs of hyperandro-
genism (defined by presence of hirsutism 
(Ferriman-Gallwey score ≥6), acne or al-
opecia, and/or elevated androgen levels); 
and polycystic ovaries by gynecological 
ultrasound are required for the diagnosis 
of PCOS. Clinical hirsutism is defined by 
the presence of hirsutism, acne or andro-
genic alopecia. Hirsutism was defined by 
Ferriman-Gallwey score ≥6. The assess-
ment of m-FG score was determined by 
using density of terminal hair at nine dif-
ferent body regions, i.e. upper lip, chin, 
chest, upper back, lower back, upper ab-
domen, lower abdomen, arm and thigh. 
The presence of acne was diagnosed by 
the presence of lesion on the face, back 
and chest. Presence of oily skin and fam-
ily medical history of PCOS and father’s 
hair growth i.e. normal, excessive or 

baldness was recorded during personal 
interviews. Detailed menstrual history 
was also recorded using FIGO classifi-
cation (Munro et al. 2018) for abnormal 
uterine bleeding. Normal menstrual fre-
quency was considered if periods ranged 
from ≥24 to  ≤38 days, oligomenorrhea 
if >38 days and polymenorrhea if <24 
days. Polycystic ovary morphology was 
ascertained by following ASRM/ESH-
RE criteria and considered to be poly-
cystic ovaries if ovarian volume were 
≥10cm3(Balen et al. 2003).

The height (cm) of the participants 
was measured by an anthropometric rod 
with a precision of 0.1mm. Weight (kg) 
was measured with weighing scale with 
a precision of 1.0 kg. These anthropo-
metric measurements were taken with-
out shoes and with minimal clothing. 
BMI was calculated using formula weight 
(kg)/height (m2). All PCOS women were 
divided in three groups according to BMI 
(kg/m2) categories cut-off values for 
Asian population (WHO 2004) i.e. un-
derweight (BMI<18.50), normal weight 
(BMI  =  18.50–23.0) and overweight/ 
obese (BMI>23). 

Physical activity was determined us-
ing MPAQ scale (Anjana et al. 2015) with 
self-reported activities of the previous 
week. Total energy expenditure (TEE) 
had been calculated by factorial calcula-
tion recommended by joint FAO/UNU/
WHO (2001). Minutes spent in each ac-
tivity was multiplied by physical activity 
ratio (PAR) to derive TEE of 24 hours, 
while energy cost was reported as multi-
ple of basal metabolic rate (BMR). Phys-
ical activity level (PAL) was estimated by 
TEE/BMR for 24 hours and divided into 
3 categories i.e sedentary (1.40–1.69), 
moderately active (1.70–1.99) and vigor-
ously active (2.00–2.40). 
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The socio-economic status of each 
participant was gauged on the basis of 22 
items using Agarwal Scale (2005) and di-
vided participants into High, Upper-mid-
dle, Lower-middle, Poor categories. 

Statistical package for the social sci-
ences (SPSS) version 19.0 (SPSS Inc.) 
was used for all statistical analysis and 
p values <0.05 at confidence interval of 
95% were considered statistically signif-
icant for all the models. The quantita-
tive data was expressed as mean ± SD, 
while the qualitative data as frequency 
and percentages. The statistical signifi-
cance in the differences of underweight, 
normal weight and overweight/obese 
categories was estimated by chi-square 
test. Correspondence Analysis (CA) is a 
two-dimensional multivariate graphical 
presentation to determine the relation-
ship between various symptoms asso-
ciated in PCOS women with respect to 
BMI categories. Univariate regression 
analysis was used to find out the possible 
risk factors associated with progression 
of PCOS. Furthermore, those variables 
which showed statistically significant as-
sociation in univariate regression mod-
el were investigated in the multivariate 
model.

The study was approved by 
the Institutional Ethical Commit-
tee  of Panjab University, Chandigarh 
(PUIEC/2018/109/A/09/01), as well as 
the Ethical Committee of Postgraduate 
Institute of Medical Research and Ed-
ucation (PGIMER), Chandigarh (INT/
IEC/2018/000450). A written informed 
consent form was also signed by each 
participant before enrolling in the study.

Results
The baseline characteristics of PCOS 
women are presented in Table 1. The 

mean age at menarche in the female of 
present study was 13.62±1.71 years as 
assessed by Kalpan Meier Survival Curve. 
The socio-demographic profile showed 
that 59.6% women were unmarried, 
while a substantial proportion of women 
(73.2%) had graduated or had achieved 
a higher educational level. Most partic-
ipants (40%) were not employed, while 
approximately 35.6% were students. The 
socio-economic status as evaluated by 
employing Agarwal scale showed that 
most women came from the upper-mid-
dle class (61.6%), followed by lower-mid-
dle (28.4%) and high class (8.8%). A 
considerable proportion of PCOS women 
were overweight/obese (52.8%), where-
as 43.6% of women had normal weight, 
while 3.6% were underweight . The 
physical activity level demonstrated that 
49.6% PCOS women were moderately 
active and 47.6% had sedentary lifestyle, 
while a very small proportion of PCOS 
women (2.8%) had a vigorously active 
lifestyle. Table 2 shows the overall, as 
well as the category wise prevalence of 
various symptoms associated with PCOS 
females of the present study. 

Out of the total symptoms, polycystic 
ovaries (83.2%) was the most frequently 
occurring symptom followed by hirsut-
ism (74.4%), oligomenorrhea (60%), 
seborrhea (45.2%) and acne (40%). Re-
garding father’s hair growth, approxi-
mately 25.6% of fathers of PCOS females 
exhibited excessive hair growth, while 
68% had moderate hair growth and 6.4% 
fathers showed baldness. 

Category wise frequency distribution 
of symptoms demonstrated that hirsut-
ism was significantly higher (chi-square 
−6.8, p<0.05) in overweight/obese 
PCOS women (42%) than women with 
normal weight (30.8%) and underweight 
category (1.6%). Prevalence of partici-
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pants with oily skin (Seborrhea) was also 
highest in the overweight/obese (24.4%) 
category, followed by normal weight cat-
egory (19.6%) and negligible percentage 
(1.2%) were in underweight category. 
However, these differences lacked sta-
tistical significance (p>.05) as it is clear 
from their chi-square value. Approxi-
mately 36% fathers of overweight/obese 
PCOS participants demonstrated moder-
ate hair growth and 14.8% had excessive 
hair growth, while baldness (3.2%) ex-
hibited the highest frequency in the fa-
thers of normal weight subjects. 

Out of the total subjects, only 21.2% 
participants had a family history of 
PCOS, 11.6% of which were from the 

overweight/obese category, while 8.8% 
and 0.8% were from normal weight and 
underweight categories respectively. A 
considerable proportion (60%) of PCOS 
females did not show the presence of 
acne, it was recorded in 40% females 
only. The frequency of presence of acne 
was highest in the overweight/obese 
category (22%) and results of chi square 
revealed non-significant (p>0.05) differ-
ence in all three groups of body mass in-
dex. In the present study, 83.2% of PCOS 
women had polycystic ovaries (ovarian 
volume ≥10cm3) as determined by fol-
lowing ASRM/ESHRE criteria. It was 
noted that ovarian volume ≥10cm3 was 
highest among overweight/obese PCOS 

Table 1. Baseline characteristics of PCOS women under study

Baseline characteristics Total (n=250) Chi-square
p-values

Age at Menarche1 13.62±1.71 –
Marital status2

 Unmarried
 Married

149* (59.6%)
101 (40.4%)

<0.01

Education level2

 Illiterate
 Primary to matric
 High school
 Graduation or Higher

2 (0.8%)
18 (7.2%)
47 (18.8%)

183* (73.2%)

<0.001

Occupation2

 Working
 Non-working
 Students

61 (24.4%)
100* (40%)
89 (35.6%)

<0.01

BMI category2

 Underweight
 Normal
 Overweight/Obese

9 (3.6%)
109 (43.6%)
132* (52.8%)

<0.001

Socio-economic Status2

 High
 Upper-middle
 Lower-middle
 Poor

22 (8.8%)
154* (61.6%)
71 (28.4%)

3 (1.2%)

<0.001

Physical activity Level2

 Sedentary
 Moderately Active
 Vigorously active

119 (47.6%)
124* (49.6%)

7 (2.8%)

<0.001

1 Continuous variable represented as mean±S.D, 2 Categorical variable represented as n (%).
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women (44%) than normal weight (36%) 
and underweight (3.2%) categories body 
mass index, while the differences were 
statistically non- significant. 

A significant proportion of PCOS 
women (79.6%) exhibited oligomenor-
rhea (>38 days), while 15.2% of PCOS 
women had a normal menstrual cycle, 
and 5.2% of women had polymenorrhea. 
Based on Table 2 the maximum PCOS 
women with oligomenorrhea were in 
overweight/obese category (42.4%,) fol-
lowed by normal weight (34.4%) and un-
derweight (2.8%). Women with normal 
menstruation cycle also presented a high 
frequency in overweight/obese group 
(8.8%), however, 5.6% women had nor-
mal weight, while negligible percentage 

of women were underweight (0.8%). The 
frequency of overweight/obese women 
with polymenorrhea was 1.6%, whereas 
3.6% women had normal weight. The 
overall prevalence of clinical hyperandro-
genism (i.e. hirsutism, acne, seborrhea 
and menstrual irregularity) was higher in 
overweight/obese PCOS women as com-
pared to their normal weight and under-
weight PCOS counterparts.

Various symptoms of PCOS women 
categorized on the basis of their BMI 
were graphically presented by employ-
ing Correspondence Analysis (Fig. 1). 
The two dimensional plot indicated 
that overweight/obese PCOS women 
were associated with symptoms of clin-
ical hyperandrogenism (i.e. hirsutism, 

Table 2. Frequency distribution of various PCOS symptom with respect to their body mass index (BMI)

Symptoms of PCOS
Underweight

N = 09
N (%)

Normal
N = 109
N (%)

Overweight/
obese

N = 132
N (%)

Total 
N = 250
N (%)

Chi-
square

Hirsutism
(Clinical hyper-
androgenism)

Present 4 (1.6%) 77 (30.8%) 105* (42%) 186 (74.4%)
6.88*Absent 5 (2%) 32 (12.8%) 27 (10.8%) 64 (25.6%)

Oily skin
(Seborrhea)

Present 3 (1.2%) 49 (19.6%) 61 (24.4%) 113 (45.2%)
0.56

Absent 6 (2.4%) 60 (24%) 71 (28.4%) 137 (55.8%)

Father hair 
growth

Excessive 1 (0.4%) 26 (10.4%) 37 (14.8%) 64 (25.6%)

13.14**Moderate 5 (2%) 75 (30%) 90* (36%) 170 (68%)

Baldness 3 (1.2%) 8 (3.2%) 5 (2%) 16 (6.4%)

Family history 
of PCOS

Present 2 (0.8%) 22 (8.8%) 29 (11.6%) 53 (21.2%)
0.12

Absent 7(2.8%) 87 (34.8%) 103(41.2%) 197 (78.8%)

Acne Present 3 (1.2%) 42 (16.8%) 55 (22%) 100 (40%)
0.41

Absent 6 (2.4%) 67 (26.8%) 77 (30.8%) 150 (60%)

Maximum 
Ovarian volume

<10 cm3 1 (0.4%) 19 (7.6%) 22 (8.8%) 42 (16.8%)
0.24

≥10 cm3 8 (3.2%) 90 (36%) 110 (44%) 208 (83.2%)

Menstrual 
frequency
(in days)

Polymenorrhea 
(<24 days)

0 9 (3.6%) 4 (1.6%) 13 (5.2%)

4.50Normal (24–38 
days)

2 (0.8%) 14 (5.6%) 22 (8.8%) 38 (15.2%)

Oligomenorrhea 
(>38 days)

7 (2.8%) 86 (34.4%) 106 (42.4%) 199 (79.6%)
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oily skin (seborrhea), oligomenorrhea 
(irregular menstruation) and excessive 
father’s hair growth), whereas normal 
weight PCOS women were associated 
with absence of acne, no history of PCOS 
and absence of hirsutism. Underweight 
PCOS women showed a close relation-
ship with baldness in their fathers and 
normal menstruation. 

The univariate regression analysis 
was performed to assess the possible de-
terminants for the development of PCOS 
(Supplementary data 1). Those variables 
which had shown statistically significant 
association in the univariate model were 
further investigated in the multivariate 
regression model.

According to multivariate regression 
analysis (Table 3) unmarried women had 
2.7 times (95% CI _1.1–6.7, p<0.05) 
more probability to have hirsutism in 
reference to married women. Women 
who were consuming a vegetarian diet 
had 2.3 times (95% CI _1.0–5.5, p<0.05) 
more risk to develop seborrhea in refer-
ence to PCOS women on an ovatarian 
diet. High class women had 7.3 times 
(95% CI _2.3–22.8, p<0.01) more prob-
ability to be associated with hirsutism, 
women with upper-middle class had 1.1 
times (95% CI _0.5–2.1, p<0.05) greater 
risk to experience hirsutism, while low-
er-middle women had 1.0 times (95% 
CI _0.1–1.1, p<0.05) greater chances 
for the same. High class women had 8 

Fig. 1. Correspondence Analysis showing various symptoms of PCOS women categorized on the basis of 
their body mass index
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times (95% CI _2.4–26, p<0.01) high-
er possibility to develop seborrhea. Up-
per-middle class were 2.9 times (95% 
CI _1.6–5.4, p<0.01) more risk to ex-
perience oily skin, however, lower-mid-
dle class women were 1.8 folds (95% 
CI _1.8–18.4, p<0.05) more likely to 
have the same symptoms. Additionally, 
high class women were 3.4 times (95% 
CI_1.8–10.1, p<0.01) more likely for the 
occurrence of acne than the reference 
population. Additionally, Upper-mid-
dle class women had 3.1 times (95% CI 
_1.6–5.7, p<0.01) more likelihood for 

developing acne, however, lower-mid-
dle class women had 1.8 times (95% CI 
_0.1–1.8, p<0.05) higher probability for 
the occurrence of acne. High class wom-
en exhibited 9 times (95% CI_0.7–11.4, 
p<0.01) more likely to have polymen-
orrhea (frequent menstruation), where-
as upper-middle class women had 5.5 
times (95% CI _0.9–31.7, p<0.01) and 
lower-middle class women presented 1.3 
(95% CI _0.1–1.3, p<0.05) greater risk 
to have polymenorrhea than poor class 
PCOS women. Participants with seden-
tary lifestyle presented 5.5 times (95% 

Table 3. Multivariate regression analysis for symptoms associated with PCOS women with respect to so-
cio-demographic profile, diet and physical activity level

Variables Hirsutism
OR (95%CI)

Seborrhea
OR (95% CI)

Acne
OR (95%CI)

Menstrual Frequency
OR (95% CI)

Poly Oligo
Age (years)
 <24 years
 ≥24 yearsR

1.0(0.4–2.2)
1

1.5(0.8–3.0)
1

1.6 (0.8–3.2)
1

0.8(0.1–4.5)
1

0.9(0.3–2.3)
1

Marital Status
 Unmarried
 MarriedR

2.7*(1.1–6.7)
1

0.7(0.3–1.5)
1

1.1(0.5–2.4)
1

2.4(0.3–15.5)
1

0.9(0.3–2.6)
1

Occupation
 Working
 Non-working
 StudentsR

1.6(0.6–4.5)
1.6(0.5–4.8)

1

0.7(0.3–1.6)
0.6(0.2–1.6)

1

0.6(0.5–2.4)
1.5 (0.6–3.8)

1

0.8(0.1–7.1)
2.9 (0.4–22.2)

1

0.9(0.3–3.0)
1.0(0.3–3.5)

1
Diet
 Vegetarian
 Non-vegetarian
 OvatarianR

1.1(0.4–2.8)
0.8(0.3–2.2)

1

2.3*(1.0–5.5)
1.9 (0.7–4.6)

1

1.1(0.5–2.7)
1.4(0.6–3.4)

1

0.1(0.01–1.4)
0.1 (0.01–2.0)

1

0.1(0.02–1.3)
0.1(0.02–1.6)

1
Frequency of food intake
 Once
 Twice
 ThriceR

0.6(0.05–7.6)
0.7(0.3–1.5)

1

2.9(0.1–2.9)
1.1(0.5–2.1)

1

2.3(0.2–28.1)
0.7 (0.3–1.3)

1

1.7 (0.1–1.7)
0.1 (0.02–1.7)

1

1.6(0.1–1.6)
0.8(0.3–1.9)

1
Socio-economic status
 High
 Upper-middle
 Lower-middle
 PoorR

7.3**(2.3–22.8)
1.0 **(0.5–2.1)
1.1**(0.1–1.1)

1

8.0**(2.4–26.0)
2.9**(1.6–5.4)
1.8*(1.8–18.4)

1

3.4**(1.8–10.1)
3.1**(1.6–5.7)
1.8* (0.1–1.8)

1

9.0**(0.7–11.4)
5.5**(0.9–31.7)
1.3*(0.1–1.3)

1

2.9(0.1–51.6)
3.5(0.2–46.8)
1.8(0.1–24.1)

1
PAL
 Sedentary
 Moderate
 VigrousR

1.1(0.1–6.5)
1.4 (0.2–8.5)

1

0.4(0.09–2.2)
0.7(0.1–3.4)

1

0.9(0.1–4.6)
0.8 (0.1–4.3)

1

5.5**(1.3–19.4)
4.6*(0.4–4.6)

1

4.2(0.7–22.4)
4.3(0.8–23.3)

1

p<.05*, p<.01 **, p< .001***.
OR: odds ratios, 95% CI: confidence interval, R Reference category.
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CI _1.3–19.4, p<0.01) more risk for the 
occurrence of polymenorrhea and had 4.6 
times (95% CI _0.4–4.6, p<0.01) higher 
risk for the same symptom in subjects 
with moderately active PAL as compared 
to vigorously active PCOS women. 

Discussion
Polycystic ovary syndrome (PCOS) is 
a hidden epidemic affecting the female 
population in their reproductive period 
and is emerging as one of the most com-
mon female endocrinopathies. A study 
by Gill et al. (2013) estimated 3.7% prev-
alence of PCOS in North India. In our 
cross-sectional study out of the total 250 
PCOS women, a substantial proportion 
of women (52.8%) were overweight/
obese, while 43.6% had normal weight, 
and 3.6% were underweight. It was ob-
served by Frisch (1987) that excessive 
thinness and obesity have been associ-
ated with hypothalamic dysfunction and 
anovulatory menstrual cycles. Previous 
research has established that the clinical 
presentation of PCOS is heterogeneous 
in nature. In our study the female partic-
ipants had the following symptom rang-
es: polycystic ovary (83.2%), hirsutism 
(74.4%), irregular menstruation (60%), 
seborrhea (45.2%) and acne (40%).

Category wise frequency distribution 
of hirsutism was 42% in the overweight/
obese category. A previous study by Ma-
jumdar and Singh (2009) also showed 
that clinical hyperandrogenism among 
North Indian PCOS women was signifi-
cantly higher in the obese PCOS group 
than in lean PCOS women (74.2% vs 
50.6%). The study further demonstrated 
that the prevalence of hirsutism was high-
er among PCOS women than non-PCOS 
women (Hartz et al. 1979). Different eth-
nic populations (Caucasian, Negriod and 

East Asian) studied by Azziz et al. (2009) 
mentioned that the prevalence of hirsut-
ism ranged between 65–75%, which was 
dramatically higher than the expected 
value. A cross-sectional study by Merkin 
et al. (2011) reported 23.3% prevalence 
of hirsutism in four metropolitan areas 
of the UK. The prevalence of hirsutism 
in various populations across the globe 
presents a considerable variability. In 
Iran it was 42.7% in Yazdc city (Noor-
bala and Kefaie 2010), 64.9% in Tehran 
city (Akhyany et al. 2006) and 25.5% in 
Tehran (Ramezani et al. 2011). It was ob-
served by past studies (Franks,1989; Kid-
dy et al., 1990) that obese PCOS women 
were more likely to express hirsutism 
and experience menstrual disturbance 
in comparison to lean women, regard-
less of testosterone and androgen levels. 
Recently, Ali and Guidozzi (2020) high-
lighted health consequences associated 
with polycystic ovary syndrome and stat-
ed that irrespective of their phenotypic 
manifestation, women with PCOS were 
metabolically obese. Findings of, Kaur 
et al. (2020) also recorded dominance of 
endomorphic component in PCOS wom-
en regardless of their BMI category. A 
study by Balen et al. (1995) mentioned 
that obesity worsened the presentation 
of hyperandrogenism in PCOS.

A study performed by Andy et al. 
(2010) on an English population report-
ed the prevalence of hyperandrogenism, 
acne and hirsutism (F-G score>6) which 
were 75.3%, 14.5% and 72.2% respec-
tively in diagnosed PCOS women. Anoth-
er study indicated that PCOS women had 
a higher prevalence of hyperandrogenism 
and acne with polycystic ovarian mor-
phology than women with normal ovari-
an morphology (Reilly et al. 2014). It has 
been reported that excessive secretion of 
androgens in PCOS women leads to skin 
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changes involving hirsutism, acne, seb-
orrhea and androgenetic alopecia (Balen 
et al. 1995). Our study revealed that the 
prevalence of oily skin (seborrhea) was 
24.4% in overweight/obese PCOS wom-
en (p>0.05). A review of previous work 
reported that the prevalence of seborrhea 
was 52.5% in PCOS women attending 
OPD of Care Institute of Medical Scienc-
es, Hyderabad (Gowri et al. 2015), 29% 
in PCOS women attending Department 
of dermatology, Srinagar (Abid et al. 
2017) and 4% among Indian PCOS pa-
tients (Sharma et al. 2008).

A positive family history is known to 
be a potential risk factor in the develop-
ment of PCOS. Our study identified that 
21.1% PCOS women had a positive fam-
ily history of PCOS, out of which 11.6% 
were overweight/obese, 8.8% normal 
weight and 0.8% who were underweight. 
Kahsar-miller et al. (2001) noticed a 5 
to 6 fold increment in the incidence of 
PCOS among first-degree female rela-
tives of affected patients in comparison 
to the general population. Similarly, find-
ings of Legro et al. (1998) reported that 
22% sisters of PCOS patients were also 
affected by PCOS. Similarly, Bharathi et 
al. (2017) also identified the presence 
of history of PCOS in 2.5% mothers and 
13.6% sisters in urban population of 
Chennai.

In our study, prevalence of acne was 
found to be 40%, with the highest fre-
quency noticed among PCOS women in 
the overweight/obese category (22%) 
followed by normal weight (16.8%) and 
underweight women (1.2%). Various 
researches noted that the prevalence of 
acne in PCOS women was 67.5% in Hy-
derabad (Gowri et al. 2015), 48% in Sri-
nagar (Abid et al. 2017) and 64% in the 
Indian population (Sharma et al., 2008). 
In PCOS women from Finland, preva-

lence of acne ranged from 10–34%, which 
was significantly higher in comparison to 
their normal counterparts (Voutilainen 
et al. 2014).

Polycystic ovary morphology is the 
cardinal feature of PCOS. In our study 
83.2% PCOS women reported to have 
polycystic ovaries (i.e. ovarian volume 
≥10cm3), out of which 44% were in over-
weight/obese category. Another study 
conducted on PCOS women of Iran 
showed 89.1% prevalence of overall poly-
cystic ovarian morphology, out of which 
69.2% were in overweight/obese women 
(Esmaeilzadeh et al. 2015) and likewise, 
82.5% in Sri Lanka women (Wijeyaratne 
et al. 2005). Similarly, a study conducted 
by Reid et al. (2017) showed that PCOS 
women with an ovarian volume>10 cm3 
exhibited two times more abnormal bio-
chemical marker of insulin resistance 
than normal ovarian volume women. 
Insulin is one of the pathophysiological 
factors leading to PCOS. 

In our study the prevalence of oli-
gomenorrhea (>38 days) was 79.6% in 
PCOS women. Category wise frequen-
cy demonstrated that the prevalence of 
menstrual irregularities was significant-
ly higher in overweight/obese category 
than the normal weight PCOS women 
(42.4% vs 34.4%, p>0.05). Similar re-
sults were shown by Majumdar and 
Singh (2009) on North Indian women 
that the prevalence of menstrual irreg-
ularities was significantly higher among 
obese PCOS women than lean women 
(79.2% vs 44%). Another cross-section-
al study on South Indian PCOS women 
demonstrated 87.2% irregular menstru-
ation (Joseph et al., 2016). Earlier litera-
ture (Kiddy et al. 1990; Liou et al. 2009) 
has cited that obesity worsens menstrual 
disturbance in PCOS women. Hence, it 
is evident from the above discussion that 
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in the present study symptoms of clin-
ical hyperandrogenism (i.e. hirsutism, 
seborrhea, oligomenorrhea and excessive 
as well as moderate father’s hair growth) 
and polycystic ovary were more preva-
lent in overweight/obese PCOS women, 
which was further supported by the re-
sult of Correspondence Analysis.

In the present study multivariate 
regression analysis explained that so-
cio-economic status including physical 
activity, marital status and diet were 
potential risk factors for the progres-
sion of PCOS among females. The odds 
ratio revealed that the probability to ex-
perience hirsutism was 2.7 times more 
in unmarried women than in married 
women. Likewise, a study by Merkin et 
al. (2011) noticed a similar trend with a 
higher frequency of oligomenorrhea, hir-
sutism and prevalence of PCOS in young-
er women. Vegetarian diet had 2.3 folds 
higher chances to develop seborrhea in 
reference to ovatarian diet. A study con-
ducted by Bharathi et al. (2017) also no-
ticed that the type of diet is seemed to 
be the causative and contributing factor 
towards PCOS disease. Healthy diet and 
physically active lifestyle contributed to-
wards maintaining normal BMI. The en-
vironmental factors such as obesity were 
also associated with PCOS which can 
be further exacerbated by poor dietary 
choices and no physical activity could be 
a contributing factor in the pathophysi-
ology of PCOS (Diamanti-Kandarakis et 
al. 2006).

Higher socio-economic status urban 
women showed higher prevalence of 
PCOS in India due to sedentary lifestyle 
and access to high caloric food (Bharathi 
et al. 2017). Similarly, in our study high 
class socio-economic status women had 
the strongest association with clinical 
symptoms of PCOS exhibiting 7.3 times 

higher risk to have hirsutism, 8 times 
likelihood for oily skin occurrence, 4 
times more probability to have acne and 
9 times more likelihood to experience 
polymenorrhea followed by upper-mid-
dle and lower-middle class. An eco-so-
cial framework distinguishes the dis-
tribution of disease, as determined via 
multiple influences comprising biologi-
cal, environmental, social and historical 
aspects. This framework depicts results 
in differentiation in exposures, suscepti-
bilities and resistance to illness (Pathak 
and Nichter 2015). Previous research ob-
served that high socio-economic status 
leads to higher prevalence of ovulatory 
phenotype (Classic PCOS), that seems 
to be related to adipose tissue type, dis-
tribution and insulin levels (Di-Fede et 
al. 2008).

Findings of a study on urban pop-
ulation documented that females who 
were not engaged in any physical activity 
had a higher probability of having PCOS 
(Bharathi et al. 2017). In accordance to 
these reports our results also identified 
that sedentary behavior had a 5.5 times 
higher risk to develop polymenorrhea, 
and 4.6 times in moderately active level 
in reference to women engaged in vigor-
ous physical activity. A study conducted 
by Carmina et al. (2003) addressed that 
obesity is the part of disorder of PCOS 
women, which might have origin in ge-
netic component, dietary factor and life-
style. Weight reduction has been shown 
to improve clinical, metabolic and endo-
crinal factors in PCOS women (Moran et 
al. 2003).

In the discussion presented, it is ev-
ident that obesity represents as a sig-
nificant risk factor, which can increase 
many of the symptoms of PCOS. With 
increase in weight both oestrogen and 
androgen production increases (Gambin-



112 Raminder Kaur, Maninder Kaur, Vanita Suri

eri et al. 2002) which is one of the caus-
ative factors responsible for menstrual 
disturbance.

The following are the limitations of 
the present study:
 – few participants were not open and 

comfortable to answer especially 
the questions related to their repro-
ductive health. The data collected 
concerning reproductive variables, 
socio-demographic characteristics 
and family histories were self-report-
ed by the participants. Hence, there 
was a probability of biased reporting. 
Women were asked about their age at 
menarche, which may have also in-
creased the risk of biased reporting.

Conclusion
PCOS is one of the most prevalent 
non-communicable hormonal disorders 
worldwide with unknown pathophysi-
ology. Obesity prevalence is a common 
finding in PCOS women affecting re-
productive and metabolic features. Our 
study also revealed that women in the 
overweight/obese category had a higher 
prevalence of various symptoms associ-
ated with PCOS. Our study confirmed 
that Obesity as being a potential factor 
in increasing symptoms associated with 
PCOS. Multivariate regression model 
assessed sedentary lifestyle, high so-
cio-economic status, vegetarian diet and 
unmarried women as possible deter-
minants for the development of PCOS. 
Furthermore, all these factors leading to 
overweight/obese body build which are 
again act as contributing factor to worsen 
the symptoms of PCOS. Consequently, 
weight management may be beneficial in 
controlling PCOS symptoms. Therefore, 
study emphasizes the need for more sci-
entific attention in this area.
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