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ABSTRACT

The polycystic ovarian syndrome (PCOS) is an endocrine disease in reproductively aged women and
is charactered bydyslipidemia, hyper-androgenism, acne, hirsutism, menstrual irregularities, and ovar-
ian dysfunction resulting in infertility. A balanced body mass index, physical fitness, biochemical and
endocrine ratios play vital role in proper functioning of reproductive system and guard against PCOS
development. This study was conducted to investigate the role of socio-demographic variables, lipid and
hormonal level/ratios in obese and non-obese PCOS individuals. For this purpose, a total of 300 subjects
were recruited from Southern Punjab consisting of obese cases (n=61), non-obese cases (n=89), obese
controls (n=35) and non-obese controls(n=115). Analysis of the socio-demographic variables in PCOS
showed significant association with geographical area, diet, monthly income, smoking status, education,
medication, infertilitycomplications and family history in obese and non-obese cases compared to con-
trols. Statistical analysis showed a significant difference in BMI, lipid profile (serum level of HDL, LDL,
CHOL/HDL, HDL/LDL and LDL/HDL ratios) and endocrine profile (estradiol and insulin levels) be-
tween obese cases and obese controls. We have also observed a significantly lowerserum HDL, estradiol,
levels and HDL/LDL ratio compared to control groups. While CHOL level was significantly higher in
obese cases than obese controls, the serum TG/HDL ratio, LH, FSH, testosterone and progesterone levels
were significantly higher in non-obese cases as compared to non-obese controls. Taken together, we
showed that obesity is not an exclusive factor involved in the development of PCOS. The occurrence and
prevalence of PCOS are attributed to multiple alternative factors which warrant future studies comprising

Check for
updates

Article Information

Received 24 October 2022
Revised 25 November 2022
Accepted 10 December 2022
Available online 20 March 2023
(early access)

Published 03 June 2024

Authors’ Contribution

FA performed the experimental

work. supervised by AB and NK.

AB and NK helped in writing, data
analysis and finalizing the manuscript.
AM contributed in reviewing the
manuscript. RM facilitated to perform
some biochemical analyses.

Key words

Polycystic ovarian syndrome, Obese
women, Non-obese women, Hormones,
Lipid profile
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INTRODUCTION

he polycystic ovarian syndrome (PCOS) is the most

frequently occurring endocrine, multi-factorial and
polygenic disorder in the women of reproductive age
(March et al., 2009; Xiang et al., 2012; Patel, 2018; Aljefri
et al., 2021; Tabassum et al., 2021; Shi et al., 2021).
Compared to healthy woman, PCOS-carrier females
are prone to additional health issues including obesity,
anxiety, depression, infertility, loss of sexuality and loss of
feminism which ultimately attribute to unhealthy life style
Moran et al. (2010). The PCOS is characterized by
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heterogeneous disease with hyperandrogenism, insulin
resistance (IR), cystic ovary, anovulation and infertility
(Sirmans and Pate, 2014). Owing to hormonal imbalance,
female with PCOS display dyslipidemia, insulin resistance
(IR), oxidative stress, metabolic abnormality (Ramezani
et al., 2014) and high level of androgen which result in
infertility (Liu et al., 2019).

The disproportional body mass index (BMI)
is considered an important factor in the prevalence of
PCOS (Annagur et al., 2014). The PCOS-carrier females,
especially at the pubertal age,usually show elevated BMI.
Females with BMI >29.9 are more likely to develop PCOS
compared to females with BMI <29.9 (Boyle et al., 2012).
Age also plays critical role in the aetiology of PCOS where
ovarian volume gradually reduces over age (Hsu, 2013).
Interestingly, the PCOS occurrence is more frequentin
urban areas than rural areas (Mushtaq et al., 2022) and it
has been observed that the females of urban areas have a
strong association towards PCOS development (Bharathi
et al., 2017; Mushtaq et al., 2022). Obesity is yet another
factor for the development of PCOS (Messinis et al., 2015)
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and it has been reported that 50% of women suffering
from PCOS are obese. However, obesity is not an
exclusive factor for PCOS development as it has also been
recorded in non-obese individuals (Begum et al., 2017).
Obesity is also responsible for IR and hyperinsulinemia
in PCOS patients (Gambineri ef al., 2002; Karli and Ayan,
2018). Obesity poses adverse effect on health in well-
off societies and results in fecundity (subfertility and
infertility) especially in European population (Bolumar
et al., 2000). Liepa et al. (2008) has reported that PCOS
females are usually overweight and obese. Lifestyle
modifications such as weight loss and intake of fibrous-
rich diet with decreased fats and carbohydrates contents
reduce the chances to develop PCOS. Farshchi et al.
(2007) have investigated the impact of calories intake
and concluded that the meal should be divided into
several portions per day and accompanied should be a
low intake of drinks and snacks. Weight loss or insulin
sensitivity drugs are considered useful; however, these
are beneficial when used with proper diet and physical
activity (Farshchi et al., 2007). Financial and economic
burdens are significantly associated with PCOS (Azziz
et al., 2005). It has been reported that higher prevalence
of an ovulatory PCOS is associated with low-income
status compared to high income (Di-Fede et al., 2009).
Additionally, it has also observed a correlation between
education and family monthly income. Education has a
pivotal role in the aetiology of ovulatory phenotypes. Di-
Fede et al. (2009) have suggested that illiteracy rate was
found to be significantly high in females carrying PCOS
syndrome. However, Tabassum et al. (2021) have showed
that highly qualified individuals were higher in number
carrying PCOS.

Smoking has been shown to carry devastating effects
on PCOS Pau et al., 2013). Sowers et al. (2001) have
suggested that smoking worsens the androgen hormone
level and thus have aggravated sign and symptoms,
endocrine and metabolic profile with less conception and
fertility rate (Li ef al., 2018). Additionally, infertility has
also been significantly associated with PCOS development
(Kousta et al., 1999; Atjiosan, 2020; Mushtaq et al., 2022).
Atjiosan (2020) have suggested that approximately 75
percent females carrying PCOS show infertility.

Marital status of the women plays a very important
part in the pathogenicity of PCOS. It has been revealed
that PCOS is more frequent in married than unmarried
individuals (Mushtaq ef al., 2022). Both lifestyle
modifications regarding health, and patient care should
be provided to the PCOS females to alleviate the impact
on livelihood (Lamb ef al., 2011; Tabassum et al., 2021).
It is also considered that this syndrome may be genetic
contributed and association of first-degree relatives

(mother and sister) with PCOS cases are significant
compared to the healthy females (Kahsar-Miller et al.,
2001). Enlarged cystic ovaries with thickened, smooth,
pale and capsule as well as family history are said to be the
best diagnosis of this syndrome but it is not confirmed yet
(Cooper et al., 1968).

There are emerging evidences that PCOS may be
accompanied with dyslipidemia, oxidative stress, infertility,
hyperinsulinemia and hyperandrogenism in reproductively
aged females (Liu et al.,2019). The dyslipidemia is involved
in the PCOS development whereas BMI, cholesterol, LDL
and insulin levels are increased while HDL is decreased
in PCOS females (Talbott et al., 1995, 2000). This is
evident that the dyslipidemia appeared more commonly in
PCOS women compared to healthy females (Wild et al.,
2011). Cupisti et al. (2008) have found significantly high
level of LH and low-density lipid and low level of HDL.
In contrast, Mattsson et al. (1984) have found high level
of triglycerides and very low-density lipid. However, a
significantly decreased concentration of free cholesterol in
low density lipoproteins was observed in PCOS patients.
It has been noticed that abnormal lipid profile is common
in PCOS patients as>70% of females carrying PCOS, the
levels of LDL and TG were high and HDL level was low
(Kiranmayee et al., 2017). Mobeen et al. (2016) have
evaluated the relationship among BMI, clinical profile
and LH/FSH ratiosin. PCOS patients. Fertile and infertile
females showed elevated LH/FSH ratio. Additionally, it was
noticed that FSH was significantly associated with obesity
and infertility while BMI was significantly correlated with
obesity and hirsutism. Lifestyle modification and weight
loss were suggested to reduce sign and symptoms of
infertility and hirsutism (Mobeen et al., 2016).

Testosterone has a high impact in the prevalence
of PCOS as a significant association with PCOS been
recorded. Serum testosterone level was considered to be
a strong indicator in the severity of this syndrome (Song
et al., 2019). The PCOS is an endocrinological problem
associated with abnormal function of estrogen and its
receptors (ERs) expression. Owing to changes in signalling
pathway of estrogen receptor, cell cycle, cell proliferation,
invasion, migration and ovulation are affected. Female
infertility is caused by abnormal ovulation which affects
reproduction and pregnancy in women with PCOS.
Estrogen regulates biological and physiological processes
in the body with the help of estrogen receptors. Thus,
identification of ER can be used as an effective target for
the PCOS treatment (Xu et al., 2021).

Females with PCOS are IR as a significantly high
level of insulin, fasting blood glucose and all plasma lipids
were reported in PCOS patients as compared to controls
Kumawat et al. (2021). They have also reported high
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level of insulin and IR in obese control group and even
in lean PCOS group. In PCOS, high insulin level and IR
were identified as significant contributors to reproductive
and metabolic abnormalities (Mihailidis et al., 2017).
The features of metabolic syndrome (MS) are obesity,
hypertension, IR, visceral fat deposition and dyslipidemia.
These are most frequently occurring sequalae in PCOS
patients than healthy controls (Hahn et al., 2007; Ishak
et al., 2012). However, lipid ratios of blood and fatness
indices can be used as an effective screening tool in the
diagnosis of MS in PCOS women (Kaluzna et al., 2022).
Taken together, PCOS is a complex syndrome and is
influenced by multi-layered factors to determine the end
point of the carriers.

This study aims to explore the socio-demographic
variables in obese and non-obese individual for the
prevalence of PCOS. In this regards, BMI, biochemical
and endocrine parameters were determined in these groups
in Southern Punjab, Pakistan to assess the factors and
socio-demographic attributes of PCOS. The outcome will
facilitate the early identification and overall impact of the
PCOS in Pakistani population.

MATERIALS AND METHODS

A total of 300 females (150 PCOS cases and 150
non-PCOS controls) were accessed in Southern Punjab,
Pakistan. The inclusion criteria of study subjects were
PCOS women with amenorrhea, oligomenorrhea,
hirsutism, acne, obesity, without taking any steroids
except oral contraceptives during non-gestational
period. All individuals who were consuming alcohol,
were under hormonal treatment within the last 6 weeks,
pregnant, hypertensive and drug-addicted were excluded
from this study. The Research Ethics Committee of the
Women University Multan approved the present study.
Study subjects were recruited after confirmation from
gynaecologists. After receiving informed consent, data
of the relevant females (that came to hospitals for follow-
up or medical treatment) were collected from different
hospitals and clinics (MINAR, Cancer Hospital, Asma
Azhar Hospital and Rubina Infertility Clinic, Multan)
which provide medical facilities in Southern Punjab.
Demographic data were recorded in especially designed
questionnaire. For the analysis of lipid and hormonal
profile, blood samples were collected in the fasting state
and serum was separated.

The age for study subjects (cases and controls) ranged
from 18-35 years. On the basis of BMI, cases and controls
were further categorized as obese (BMI>30) and non-
obese (BMI<30). All participants were divided into four
groups: Group I: obese cases (n=61), Group II: non-obese
cases (n=89), Group III: obese controls (n=35) and Group

IV: non-obese controls (n=115). Hormonal analyses such
as LH, FSH, testosterone, progesterone and oestradiol
levels were measured by enzyme immune assay (EIA)
using commercially available kits (Catalogue numbers
KA2280, KA0213, KA0309, KA0299 and KA0297
Abnova, Taiwan), respectively. Serum insulin level was
analysed by enzyme linked immunosorbent assay (ELISA)
(Insulin kit Cat. No. IN374S, Calbiotech, California).
Enzymatic in vitro assay was used in order to determine
lipid profile including CHOL, TG, HDL and LDL, which
were estimated using commercially available kits (Cobas
lipid panel, Cat No. 06380115119, Roche diagnostics
GmbH). Lipid and hormonal profile ratios were evaluated
on Microsoft Excel sheet and BMI was determined with
the help of following formula (BMI=weight in kilograms/
height in meter?). Statistical analyses were performed by
Chi-square and independent Student’s t-test using SPSS
software (version-20). A p-value <0.05 was considered to
be statistically significant.

RESULTS

The data of socio-demographic variables in obese and
non-obese cases and their respective controls are shown in
Table I. Geographical area/residential area included urban
and rural area are highlighted in Figure 1. These data
revealed a significant difference between obese and non-
obese cases and controls (p=0.047). In regard to residential
area and the percentage of non-obese cases, there was a
high and significantly different compared to non-obese
controls (p=0.023) (Table I). Income of study population
was categorized into three group (very low =Rs. 10,000
to 20,000, low >20,000 to 40,000 and medium to high
> 40,000 (Figure 1). Statistical analysis among income
groups showed a significant difference between cases and
control (p=0.004). Moreover, significant difference was
also observed between obese cases and obese controls
(p=0.014), non-obese cases and obese controls (p=0.003),
and obese and non-obese cases (p=0.009) (Fig. 1A).

Regarding smoking status of population comprised
of active smokers who smoked (inhaled and exhaled),
passive smokers who breathed in second hand smoke
(only inhaled) and non-smokers were those not exposed
to smoking. Analysis of smoking status showed significant
differences between obese and non-obese cases and
controls (p<0.001). Statistical analysis of smoking by chi
square test showed a significant difference in obese cases
vs obese controls, non-obese cases vs non-obese and obese
controls (p=0.039, p<0.001 and p=0.001), respectively
(Fig. 1B).

Regarding education status, the study population was
comprised of illiterate (no education) and literate (primary
to graduation). Percentage of literate obese cases was
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high than illiterate. Significant difference was observed in
obese cases vs obese controls, obese cases vs non-obese
controls (p=0.028 and p=0.001, respectively), non-obese
cases vs non-obese controls and non-obese cases vs obese
controls (p=0.007 and p=0.023) regarding education status
(Table I).
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Fig. 1. Frequency of obese and non-obese subjects in
different income groups (A), regarding smoking status
(B), diet (C) and regarding compilations an associated with
infertility (D).

The diet of study population included carbohydrate
rich, proteins rich, lipid rich and mixed diet. Higher
percentage of obese cases was taking mixed diet than other
groups. Significant difference was found between obese
cases vs obese and non-obese controls (p=0.014, p=0.003,
respectively) and non-obese cases vs non-obese and obese
controls (p=0.002 and p=0.043, respectively) reference to
diet status (Fig. 1C).

Among married women, complications associated
with infertility were divided into four categories (female
cases with abortion, miscarriages, having no child and live
babies with no complication) and found to be significantly
different (p<0.001). Percentage of non-obese cases and
controls was high with group of females having no child
compared to other groups. Significant difference was
observed in non-obese cases vs obese cases and non-
obese controls (p=0.033 and p=0.002, respectively) and
between obese and non-obese controls (p=0.013) (Fig.
1D). There were two categories regarding marital status
that are married and unmarried. Statistical analysis showed
no significant difference among these groups (p=0.282),
however, a high percentage of married non-obese PCOS
was observed compared to other groups (Table I.

Family history of studied cohort consisted of women
who had family history with PCOS and no family history
of PCOS. Family history was found to be associated with
PCOS (p<0.001). Significantly high difference was found
between obese cases vs obese and non-obese controls
(p=0.005 and p=0.007). Similar difference was also
observed between non-obese cases vs non-obese and obese
controls (p<0.001 in both). Difference was also significant
between obese and non-obese controls regarding family
history (Table I).

In obese cases (Group I), the age, serum HDL,
estradiol level, and HDL/LDL ratios were significantly
low, whereas MI, serum CHOL, LDL, insulin levels,
CHOL/DL, and LDL/HDL ratios were significantly high.
However, LH, FSH, testosterone levels, TG/HDL and LH/
FSH ratios were non-significantly high and serum TG,
progesterone levels were non-significantly low compared
to obese controls (Group III). In non-obese cases (Group
II) versus 1 non-obese controls (Group 1V),a significantly
high level of BMI, LDL, CHOL/HDL, TG/HDL, LDL/
HDL ratios, LH, FSH, testosterone, progesterone and
insulin were observed. In contrast, HDL, HDL/LDL and
serum estradiol levels were significantly low, whereas
serum CHOL, TG levels and LH/FSH ratio were non-
significantly high. In obese cases (Group I) the age, serum
HDL, estradiol, progesterone level, HDL/LDL ratio were
significantly low but BMI, serum LDL, testosterone,
insulin levels, CHOL/HDL, TG/HDL, LDL/HDL, LH/FSH
ratios were significantly high. A non-significant difference
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was observed in serum level of CHOL, TG, LH and FSH
compared to non-obese controls (Group IV). In non-obese
cases (Group II) compared to obese controls (Group III),
the BMI, HDL level and HDL/LDL ratio were significantly
low whereas CHOL, LDL, CHOL/HDL, LDL/HDL,
testosterone, and insulin levels were significantly high and
non-significant difference in age, serum TG, LH, FSH and
progesterone level and TG/HDL and LH/FSH ratios were

found. However, no significant difference was observed
between obese and lean cases and obese controls and non-
obese controls except for BMI and serum progesterone
level. The BMI was significantly higher in obese cases
and controls compared to lean cases and controls, but
serum progesterone level was significantly low in obese
cases than non-obese cases and significantly high in obese
controls versus non-obese controls (Table II).

Table I. Association of socio-demographic variables between Obese and Non-obese subjects.

Sociodemographic variables Obese Non-obese P-value
Cases (n=61) Controls (n=35) Cases (n=89) Controls (n=115)

Geographical area (Residential area)

Urban 38 (62.3%) 22(62.9%) 56(62.9%)*b 53(46.1%) 0.047

Rural 23(37.7%) 13(37.1%) 33(37.1%) 62(53.9%)

Education

Literate (Primary to graduation) 43 (70.5%)*a, **c 16 (45.7%) 61 (68.5%)**b, *d  51(44.3%) <0.001

Illiterate (no education) 18 (29.5%) 19 (54.3%) 28 (31.5%) 64 (55.7%)

Marital status

Married 47 (77.0%) 23 (65.7%) 72 (80.9%) 92 (80.0%) 0.282

Unmarried 14 (23.0%) 12 (34.3%) 17 (19.1%) 23 (20.0%)

Family history

Family history with PCOS 43(70.5%)**a, ***c 14 (40%)**f 59 (66.3%)***b, **d 20 (17.4%) <0.001

Family history with no PCOS

18(29.5%)

21 (60.0%)

30 (33.7%)

95 (82.61%)

Note: significant =p<0.05*, highly significant =p<0.01**, p<0.001***. a, obese cases vs obese controls; b, non-obese cases vs non-obese controls; ¢,
obese cases vs non-obese controls; d, non-obese casesvs obese controls; e, obese cases vs non-obese cases; f, obese controls vs non-obese controls.

Table II. Comparison of age, BMI, lipid profile and endocrine profile between obese and non-obese groups.

Parameters Obese groups Non-obese groups
Cases (n=61) Controls (n=35) Cases (n=89) Controls (n= 115)
Age 26.56+0.69*a*c 28.86+0.87 26.84+0.598 28.23+0.49
BMI (kg/m?) 34.724+0.59**kgk**Hk*ke 32.31+0.38***f 23.52+0.397*b***d 22.03+0.47
Lipid profile
Cholesterol (mmol/L) 213.97+46.10%*a 188.86+8.97 220.74+4.59%**d 211.4246.09
Triglycerides (mmol/L)  169.67+2.96 187.20+£12.60 171.08+2.40 166.10+6.59
HDL (mmol/L) 50.72+0.86***a***c 66.54+5.42 51.16+0.80***p***d 77.77£3.96
LDL (mmol/L) 167.44+3.02%#*g***c 98.69+7.41 168.12+£2.21 *¥#*p***(d 109.44+4.15
CHOL/HDL (mmol/L)  4.36+0.15*a**c 3.57+0.38 4.40£0.13***p**d 3.49+0.21
TG/HDL(mmol/L) 3.43+0.87**c 3.40+0.42 3.46+0.073***b 2.69+0.18
HDL/LDL (mmol/L) 0.02+0.02***a***c 0.83+0.012 0.03£0.02***p***d 0.90+0.09
LDL/HDL (mmol/L) 3.36+0.08***a***c 1.89+0.24 3.33+£0.07***b***d 1.18+0.11
Hormonal profile
LH (IU/mL) 9.23+1.24 6.83+0.64 14.44+3.64*b 7.37+£0.52
FSH (IU/mL) 8.44+2.06 6.11+0.39 13.71+£4.22%b 6.19+0.22
LH/FSH (IU/mL) 1.93+0.84*c 1.23+£0.15 1.61£0.13 1.38+0.12
Estradiol (nmol/L) 128.36+£13.92#**a***¢ 269.96+25.22 136.84+11.88***p***(d 256.79+13.86
Testosterone (nmol/L) 38.5945.35%*¢ 25.11£1.82 45.53+5.37***p*d 25.570+0.98
Progesterone (nmol/L) 1.28+0.26*e 1.89+0.14*f 2.37+0.42*b 1.57+0.07
Insulin (pmol/L) 55.1548.07***a***c 10.63+1.86 63.16+9.65***¥b***d 14.28+1.37

For statistical details and abbreviations, see Table 1.
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DISCUSSION

It remained an established fact that females with
PCOS are more susceptible to health issues including
obesity, anxiety, depression, loss of sexuality, infertility,
loss of feminism and poor quality of life compared to
healthy women (Moran ef al., 2010). Our presented results
showed that percentage of obese and non-obese cases
was high in individuals living in urban area as compared
to rural area. A similar observation was also noticed by
Bharathi ef al. (2017) who have reported high percentage
of obese and non-obese cases in urban area. In the current
study, a significant difference was found in residential
area of non-obese cases and non-obese controls. However,
overall percentage of PCOS cases residing in urban area
was high than rural area in agreement to a recent finding
Mushtaq et al. (2022). They have reported that females
residing in urban areas were more susceptible to PCOS as
compared to females of rural locality.

Present study showed that women having very low
monthly income were significantly associated to obese
cases as compared to obese controls. Various studies have
also investigated that monthly income was significantly
associated with PCOS (Di-Fede et al., 2009). However, a
study reported number of working obese PCOS were less
than non-obese PCOS (Mahmoud et al., 2015).The current
study showed smoking status was significantly different
in obese and non-obese cases than obese and non-obese
controls. This finding is unique in its kind as no such
observation has previously been documented. However,
some studies have found effect of smoking on lipid profile
in PCOS and controls. A study conducted by Pau et al.
(2013) found that smoking increased the triglyceride level
in PCOS cases than controls. They also observed that MS
was more frequent in smoker PCOS than non-smoker
PCOS and controls. Craig et al. (1989) haveexamined
association of smoking and lipid concentration and found
increased level of TG, CHOL, LDL and low level of HDL
in smoker PCOS than non-smokers.

The present study showed that obese educated females
are more susceptible to PCOS compared to non-obese in
contrast to a previous observation (Mahmoud et al., 2015).
In this study, authors have reported that obese women were
less highly educated than non-obese. Regarding diet status,
the current study showed significant difference between
obese and non-obese cases and controls. However,
percentage of obese cases were on mixed diet. Percentage
of subjects with high intake of fat rich diet (lipids) was
more in non-obese cases than obese. This investigation
was supported by a previous study conducted by Bandini
et al. (1999) and in contrast to other studies (Gambineri et
al., 2002; Mahmoud et al., 2015).

In this study, complications associated with infertility
were highly significant with obese cases than controls.
Multiple previous studies (Gambineri et al., 2002;
Mahmoud et al., 2015) have reported similar results. In
the current study, non-significant difference was recorded
when marital status was compared between both groups.
However, Mahmoud et al. (2015) have reported that
percentage of married obese PCOS women was more than
non-obese PCOS women. However, in an investigation
of overall cases and control, married females with this
syndrome were associated more significantly with PCOS
than that of the married controls (Mushtaq et al., 2022) and
contrary to the investigations of Tabassum et al. (2021).

Obese cases were significantly younger individual
compared toobese controls. A study conducted by Silfen
et al. (2003) have reported significantly more age of obese
cases than obese controls whereas no difference in age was
found by Yilmaz et al. (2005). Interestingly, age was non-
significantly different in non-obese cases vs controls, non-
obese cases vs obese controls, obese vs non-obese cases,
and obese vs non-obese controls. These results in agreement
with the result of a study conducted by Taher and Mhaibes
(2015). Silfen et al. (2003) and Yilmaz et al. (2005) have
also showed no difference in age between obese vs. non-
obese cases similar to this study, but in contrast to study by
Layegh et al. (2016), who reported significant difference.
In age comparison,a significant difference was observed
between obese cases and lean controls in contrast to result
reported by Taher and Mhaibes (2015).

BMI was significantly high in obese cases than obese
and non-obese controls (Yilmaz et al. (2005), however,
BMI of obese controls was significantly high than non-
obese cases and controls. These findings are supported
by the results of Taher and Mhaibes (2015) and Shi ef al.
(2021). BMI was also significantly high in obese cases
and obese controls versus non-obese cases and control
respectively. These finding are against the observations
reported by Daghestani et al. (2021). Previous studies
(Silfen et al., 2003; Yilmaz et al., 2005; Nambiar et al.,
2016; Kumawat ef al., 2021) have also found significantly
high BMI in obese vs non-obese cases as we have reported
in this study.

We have shown that CHOL and LDL serum levels
were significantly high in obese cases than obese controls
in agreement with result of other studies (Ibrahim et al.,
2020; Daghestani et al., 2021; Shi et al., 2021) and in
contrast to result of a study by Yilmaz et al. (2005). High
level of CHOL and LDL may be due to obesity or diet
habit. Dyslipidemia may be a problem in PCOS women but
it cannot be manifestation of syndrome. The latter study
reported no-significant difference in the level of CHOL
and LDL. Serum CHOL and TG levels were not different
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in obese and non-obese cases vs non-obese controls, in
contrast to findings of a study by Ibrahim et al. (2020).
Similarly, no difference was observed in CHOL and TG
levels between obese cases and non-obese cases. Our
results were not consistent with findings of Layegh et al.
(2016), and Ibrahim et al. (2020). No significant difference
was found between obese cases and obese controls in serum
TG level that is in agreement to findings of a study of Shi
et al. (2021), but not in agreement with results reported
by other studies (Yilmaz et al, 2005; Ibrahim et al., 2020;
Sayed and Bakhiet, 2020; Daghestani et al., 2018). This
may be due to consumption of fat rich diet. No significant
difference in serum TG level was observed between non-
obese cases and non-obese controls similar to findings
of Yilmaz et al. (2005) but deviated from result of other
studies (Ibrahim et al., 2020; Sayed and Bakhiet, 2020;
Daghestani ef al., 2021). This difference may be due to
ethnic variations. Significantly high level of LDL and low
level of HDL were found in obese and non-obese cases than
non-obese controls similar to findings of Sayed and Bakhiet
(2020). According to studies Daghestani et al. (2021) and
Ibrahim et al. (2020), LDL level was significantly highin
non-obese cases compared to non-obese controls. Our
results are in agreement with the results of this study. High
level of LDL and low level of HDL may be associated with
PCOS. Serum HDL level was significantly low in obese
cases than obese controls similar to finding of Yilmaz et
al. (2005), and Legro et al. (2001) but in contrast to result
of study by Shi ef al. (2021), Daghestani et al. (2021).
While serum HDL level was low significantly in non-
obese PCOS than non-obese controls matched to the result
of some studies (Yilmaz et al., 2005; Legro et al., 2001;
Daghestani et al., 2021; Sayed and Bakhiet, 2020) but in
contrast to results reported by Ibrahim ez al. (2020). Serum
HDL/LDL ratio was significantly low while LDL/HDL
was significantly high in obese case and non-obese cases
than obese and non-obese controls as well as in obese cases
than non-obese controls, but no published data was found
for comparison. Non-significantly different serum level of
CHOL, HDL, TG and LDL were observed in obese cases
than lean cases and in obese controls than lean controls
respectively similar to the finding of Amini et al. (2014)
except for the serum TG level. In contrast to this study
serum TG level was significantly high in obese cases than
lean cases reported by Yilmaz et al. (2005), and Amini et
al. (2014). Results of other studies (Ibrahim et al., 2020;
Daghestani et al., 2021) showed serum CHOL, TG and
LDL levels high significantly and non-significantly high
level of HDL in contrast to this study in obese cases than
non-obese cases. In contrast to our results, (Daghestani
et al. (2021) have found significant differencelevels in
CHOL, HDL, TG and LDL between obese controls and

non-obese controls. Silfen ef al. (2003) have reported
significantly high level of LDL and low level of HDL in
adolescents in contrast to our results in obese cases than
non-obese cases.

In present study the LH level was not different
significantly in obese cases than obese controls in contrast
to result of some studies (Nambiar et al., 2016; Shi et
al., 2021) but similar to the result of this study LH level
was high significantly in non-obese cases vs. non-obese
controls reported by Nambiar ef al. (2016). High level of
LH in PCOS may be due to neuroendocrine abnormality
leading to high level of androgen. Serum level of FSH was
not statistically different in obese cases than obese control
as well as between obese cases and non-obese cases
similar to finding of a study ( Nambiar et al., 2016). Serum
LH, FSH and testosterone levels were not significantly
different in obese cases vs obese control. Similar results
were found by Ibrahim et al. (2020) but serum LH, FSH
and testosterone level significantly high in non-obese
cases compared to non-obese controls contrary to findings
of. Statistically no difference in the LH/FSH ratio was
found in obese and non-obese cases vs obese and non-
obese controls in contrast to findings of study by Shi et
al. (2021).

Serum testosterone and insulin levels were
significantly high and LH/FSH ratio was elevated in obese
cases than non-obese controls consistent with results of
Taher and Mhaibes (2015) . No significant difference was
found in serum levels of LH, FSH and LH/FSH ratios
between obese and non-obese cases.These results are
in agreement with the observations made by Taher and
Mhaibes (2015). Serum LH, FSH, estradiol, testosterone,
insulin level and LH/FSH ratio was non significantly
different in obese vs non-obese cases, but progesterone
level was significantly low in contrast to the result of
Mahmoud et al. (2015) that reported significant difference
in LH, FSH, testosterone, insulin level and non-significant
difference in progesterone, but result of his study showed
non-significant difference in serum level of estrogen
similar to result of this study. Silfen ez al. (2003) showed
significantly high level of progesterone in obese cases than
non-obese cases in contrast to result of this study. Silfen et
al. (2003) found significant low level of LH in obese cases
than non-obese in contrast to our study but similar to this
study no difference in FSH and testosterone level in obese
cases than non-obese cases was reported. Findings of
Yilmaz et al. (2005), Ibrahim and Abdelsalam (2015), and
Sachdeva et al. (2019) were also in agreement to our study
that LH and FSH levels were non significantly different
between obese cases than non-obese cases but Yilmaz et
al. (2005) showed significantly high level of testosterone
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and LH/FSH ratio in contrast to result of present study.
Layegh et al. (2016) showed non-significant difference in
LH/FSH ratio, serum estradiol and testosterone level that
is similar to result of present study in obese cases than
non-obese cases. Statistically no significant difference was
observed in serum level of LH, FSH, testosterone, insulin
and LH/FSH ratio in obese than non-obese controls,
consistent with results of Taher and Mhaibes (2015) .

Serum level of estradiol non-significantly whereas
progesterone level was significantly high between obese
and non-obese controls. In the current study, there was
significantly low level of estradiol in obese and non-obese
cases than obese and non-obese controls, respectively.
These results offer novel insights as currently no such
observations are reported in the literature. However,
Mahmoud et al. (2015), Layegh et al. (2016) have showed
non-significant difference in estradiol level between obese
cases than non-obese cases similar to result of this study.
Serum level of testosterone non-significantly high in obese
cases than obese controls but significantly high in non-
obese cases compared to non-obese controls in contrast
to findings of Dongargaonkar et al. (2020). Researchers
of this study havefound that testosterone level was
significantly high in obese cases than obese controls and
non-significantly high in non-obese cases than non-obese
controls. In the current study, significantly high level
of testosterone was observed in obese cases than non-
obese controls and non-obese cases than obese controls.
However, testosterone level was not different in obese
versus non-obese cases and obese vs lean controls.

Serum insulin level was significantly high in obese
cases than obese control similar to previous findings (Taher
and Mhaibes, 2015; Dongargaonkar ef al., 2020) and in
contrast to other studies (Daghestani et al. (2021). Serum
insulin level was also significantly high in non-obese
cases than non-obese controls also similar to the findings
of Dongargaonkar et al. (2020). Similarly, serum insulin
level was significantly high in non-obese cases than obese
controls in contrast to findings of Taher and Mhaibes (2015)
which means that PCOS in both obese and non-obese cases
was associated with insulin resistance. In this case-control
study insulin level was not statistically different between
obese cases and non-obese cases similar to result of studies
conducted by Layegh et al. (2016); Kumawat et al. (2021)
but in contrast to result of Silfen et al. (2003).1t has also
been reported that a significant difference exists between
obese cases (with BMI >23) than non-obese cases (Taher
and Mhaibes, 2015; Daghestani ef al., 2021; Sachdeva et
al., 2019). Similar to findings of Silfen et al. (2003) and
Taher and Mhaibes (2015), no significant difference was
observed in insulin level between obese and non-obese
control in this study but in contrast to report of study by

Daghestani et al. (2021), who found significant difference.

CONCLUSION

Based on presented results, it is plausible to conclude
that BMI, serum LDL, insulin levels and LDL/HDL ratio
were significantly high in obese cases and non-obese
compared to obese and non-obese controls. However,
serum HDL, estradiol levels and HDL/LDL ratio were
significantly lower compared to control groups. While
CHOL level was significantly high in obese cases than
obese controls, the serum TG/HDL ratio, LH, FSH,
testosterone and progesterone levels were significantly
higher in non-obese cases as compared to non-obese
controls. Therefore, it’s evident that obesity is not the
main factor involved in the development of PCOS and
there might be alternative factors playing role in the PCOS
development which warrant future studies.
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