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ABSTRACT: PCOS, or Polycystic Ovary Syndrome, is a relatively common endocrinological disorder
in women of childbearing age. It is a disease entity characterized by irregular menstrual cycles, from
amenorrhea to periods that occur at very prolonged intervals. Besides menstrual irregularity, PCOS is
associated with clinical and biochemical hyperandrogenism, which means an overabundance of the
male sex hormone, leading to symptoms like hirsutism, acne, and oily skin. Another hallmark of PCOS
is the presence of polycystic ovaries, in which a lot of small cysts can be seen on the ovary by using
ultrasound. This pattern of symptoms makes PCOS a heterogeneous condition that has far-reaching
impacts on the health of a woman. In the present study, the lipid profile of 40 women with PCOS was
compared to that of 40 healthy controls at Sri Ramachandra Institute of Higher Education and
Research. We found that the PCOS group had significantly higher levels of triglycerides, total
cholesterol, LDL, and Chol/HDL ratio and lower HDLs. This study has reiterated the dyslipidemia
noted by previous studies as the major risk factor of CVD in PCOS subjects. Routine lipid screening,
along with lifestyle changes, may help in reducing cardiovascular risks associated with PCOS. This
study established that the concentration of triglycerides, total cholesterol, LDL, and Chol/HDL ratio
was significantly higher, where the HDL concentration was lower in women with PCOS, showing an
increased risk for CVD. It therefore points to a need for regular screenings of lipid profiles and lifestyle

modifications in the management of dyslipidemia for reducing long-term risks to health.
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1. INTRODUCTION

Polycystic ovarian syndrome (PCOS) is a widespread illness that affects many elements of a
woman's general health and has long-term repercussions that go beyond her reproductive age
[1,2)]. This is an imbalance of female sex hormones, including the follicle-stimulating
hormone, progesterone, luteinizing hormone, and estrogen. Infertility, irregular menstruation,
numerous ovarian cysts, and other health issues could result from this [3]. The prevalence of

this heterogeneous endocrine disorder is so common that 1 in almost 15 premenopausal women
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is affected around the world [4,5,6] Nonetheless, 8.2% to 22.5% of women in India have been

diagnosed with PCOS [7].

It is estimated that up to 70% of PCOS is associated with a metabolic anomaly in women, one
whose hallmark is dyslipidemia [8]. Women with PCOS are expected to have a seven-fold
increased risk of myocardial infarction and a higher prevalence of atherosclerosis and
cardiovascular disorders [9]. The exact causes are yet unknown, but they might be associated

with high levels of testosterone; often, the syndrome is combined with obesity [10].

More than 40% of women with PCOS in the U.S. population have obesity, although prevalence
varies significantly among ethnically diverse populations and geographic regions. Visceral or
central fat accumulation is often excessive in women presenting with PCOS. Obese women
with PCOS had evidence of a greater degree of reproductive abnormality, with increased
hirsutism, infertility, and irregularity of the menstrual cycle. They also had higher free
testosterone levels with lower levels of SHBG. Moreover, the miscarriage rate is higher and
the conception rate after ovulation induction is poor. Weight reduction may help improve
reproductive as well as metabolic obesity-related complications like diabetes and dyslipidemia
Central obesity results from a reduction in lipoprotein lipase (LPL) activity in belly fat cells
caused by elevated testosterone levels [11]. In the United States, almost 40% of women with
PCOS are obese. Ethnicity and geography are two different influences. It is common for
visceral or core fat to build. Obese women with PCOS have a more severe reproductive
phenotype, which includes a higher occurrence of irregular menstruation, hirsutism, and
infertility. These women also get inferior results from ovulation induction and a higher chance
of miscarriage. Reproductive problems and the metabolic consequences of obesity, such as

dyslipidemia and diabetes, can be lessened by losing weight.
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Mixed hyperlipidemia is common in women with PCOS, with low levels of HDL and increased
triglycerides, VLDL, and LDL. The LDL particles are often small and dense and have enhanced
atherogenic potential. These lipid abnormalities persist after adjustment for degree of obesity.
Increased triglyceride levels correlate with increased androgen levels but not with other lipid
disorders. Women with both irregular menstruation and hirsutism tend to have the lowest levels
of HDL and the highest triglyceride levels [12]. In women with PCOS, hyperlipidemia is often
associated with other cardiovascular risk factors such as hypertension, endothelial dysfunction,
and inflammation. In obese women with PCOS, higher systolic blood pressure has been
reported compared with weight-matched controls. In women with oligomenorrhea and
hirsutism, both systolic and diastolic blood pressure values are increased. In addition, in the
absence of obesity, increased C-reactive protein and endothelin-1 levels in women with PCOS
are indicative of endothelial dysfunction and inflammation [13]. This, therefore means that
women suffering from PCOS are prone to such cardiovascular complications that arise due to
hypertension and inflammation, both of which are pegged on obesity.

In this framework, the present study is undertaken to assess the lipid profile in women with
PCOS. The study aims to measure the serum lipid profile levels in patients with PCOS (cases)

and compare them with normal healthy subjects (controls).

2. METHODS

The study was conducted in the Department of Biochemistry in collaboration with the
Department of Obstetrics and Gynecology, Sri Ramachandra Institute of Higher Education and
Research, Chennai (India). In this prospective case-control study, we enrolled 40 patients with
PCOS cases and compared them with 40 healthy controls. The duration of the study was
between June 2023 and May 2024. The study was conducted after obtaining ethical clearance
from the Institutional Ethics Committee, Sri Ramachandra Medical College & Research

Institute and written informed consent was given by all patients before enrolment into the study.
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2.1 Inclusion and Exclusion criteria
The cases were selected based on the criteria set by ESHRE and ASRM from the Rotterdam

PCOS Consensus Workshop Group, 2004. Diagnosis of PCOS was accepted if at least two of
the following three criteria were fulfilled: the presence of polycystic appearance of ovaries on
ultrasound, defined as the presence of twelve or more follicles measuring 2-9 mm in diameter
and an ovarian volume >10 cm3; anovulation or oligo-ovulation; biochemical or clinical signs
of hyperandrogenism. The controls taken were normal, healthy females of childbearing age.
The exclusion criteria for cases included a history of taking oral contraceptive agents,
anticoagulants, anti-platelet agents, insulin sensitizers, anti-androgens, anti-lipidemic drugs,
anti-hypertensive drugs, and glucocorticoids. The exclusion criteria for controls included
pregnancy, hypothyroidism, Cushing's syndrome, non-classical congenital adrenal hyperplasia,
current or recent (in the last three months) use of oral contraceptive or other hormonal drugs

and anti-diabetic or anti-obesity drugs, and autoimmune disorders.

2.2 Method of data and sample collection

Serum samples were obtained from the study subjects fulfilling the required criteria for PCOS
who were visiting the Sri Ramachandra Medical Hospital, after getting informed consent for
estimation of serum lipid profile. Procedures for routine blood draws were followed. The serum
samples were aliquoted in 2ml polypropylene tubes after centrifugation and stored at -80°C till
analysis. In the Beckman Coulter AU680 Automated Clinical Chemistry analyzer, Total
Cholesterol was measured by Enzymatic CHOD-POD (Cholesterol oxidase — peroxidase)
endpoint method. Triglycerides were measured by Enzymatic GPO — POD (glycerol phosphate
oxidase — peroxidase) endpoint method. HDL& LDL levels were assessed by colorimetric

assay techniques. Cho/HDL ratio was calculated.
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2.3 Statistical analysis

Statistical analysis was done using SPSS Version 23.0 software. Results The results have been
presented in mean £ S.D. Student t-test was performed to find out the mean differences between

cases and controls. A p-value of <0.05 was statistically significant.

3. RESULTS

A total of 80 populations were considered for this study; the age of most of the subjects ranged
from 20 to 32 years. According to Table 1, the mean£SD values of SBP, DBP, BMI, and WHR
in the case group were significantly higher, that is, 124.7+4.3, 82.7£2.8, 30.7£3.2, and
0.89+0.06, respectively, compared to the control group, in which the mean+SD values of SBP,
DBP, BMI, and WHR were 117.1+£3.7, 76.1+4.0, 24.3+3.2, and 0.81+0.03, respectively. The
differences in all these parameters were highly statistically significant with a p-value of <0.05.
As in Table 2, mean+SD triglyceride levels were higher in the case group, at 110.1+54.7, when
compared to the control group at 88.5+37.2. Similarly, the Cholesterol/HDL ratio was higher
in cases at 4.3+0.8 compared to controls at 3.7+0.7, both being statistically significant with
p<0.05. However, the mean+SD HDL levels were lower in the case group 42.5+9.3 than the
control group 47.9+8.1, and this difference was statistically significant at p<0.05. The
meanxSD total cholesterol levels were 178.4+38.6 and 176.3+35.9 in the case and control

groups respectively, while that of LDL were 116.5+30.1 in cases and 111.9+27.1 in controls.

4. DISCUSSION

Obesity is one of the leading causes of PCOS and is associated with impairment of lipid profile.
Few reports have shown that dyslipidemia and insulin resistance occur in PCOS subjects.
However, the cause of PCOS remains still obscure. We, therefore attempted to assess the lipid

profile level in both the case and control groups and, in mind, their abnormalities contribute to
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Variables PCOS Case | Control (n=40) | p-value
(n=40)

Age (years) 26.8+6.3 24.6+4.4 0.0667

SBP(mmHg) 124.7+4.3 117.13.7 <0.0001**

DBP(mmHg) 82.7+2.8 76.1+4.0 <0.0001**

BMI (Kg/m?) 30.7+3.2 24.3+3.2 <0.0001**

WHR 0.89+0.06 0.81+0.03 <0.0001**

Table 2: Biochemical characteristics (Lipid Profile) of study groups

Variables PCOS Case | Control (n=40) p-value
(n=40)

TC (mg/dl) 178.4+38.6 176.3£35.9 0.8087

TG (mg/dl) 110.1+54.7 88.5+37.2 0.0423*

LDL (mg/dl) 116.5+30.1 111.9+27.1 0.4815

HDL (mg/dl) 42.5+9.3 47.9+8.1 0.0075*

Cho/HDL ratio 4.3+0.8 3.7+0.7 0.0023*
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the development of PCOS. In our results, the mean age in the case group was 26.8+6.3 years,
while that in the control group was 24.6+4.4 years; however, the difference between these two
age groups was not statistically significant, p=0.0667. This observation is consistent with the
study by Bashir et al., who found the maximum prevalence of PCOS to be 50% in the age group
of 15-24 years [14]. The trend may be due to the reason that PCOS is commonly diagnosed
during the early reproductive years, particularly in those women who are suffering from
oligomenorrhea or have primary infertility and hence approach early medical assistance.

We also observed that BMI and WHR were found to be quite high among the case group at
30.7£3.2 and 0.89+0.06, respectively, while it was recorded as low among the control group at
24.3£3.2 and 0.81+0.03, respectively. These differences were found to be statistically
significant with a p-value of <0. In addition to that, Yadav et al. similarly reported increased
anthropometric measures of height, weight, BMI, and WHR in women with PCOS compared
to the non-PCOS counterpart [15].

The current study also demonstrated that systolic blood pressure (SBP) and diastolic blood
pressure (DBP) were significantly high in the case group, with mean values of SBP (124.7+4.3)
and DBP (82.7+2.8), in comparison to the control one, with mean values of SBP (117.1+3.7)
and DBP (76.1+4.0), which is also highly significant (p<0.05). These results are identical to
Wau et al.'s observations, where more cases of hypertension were reported in subjects who had
PCOS compared with controls [16]. The higher prevalence of hypertension in PCOS has been
associated with a number of variables, including obesity, insulin resistance (IR),
hyperandrogenism, and cardiac autonomic dysfunction. Because PCOS is hyperandrogenic,
there is an increased risk of cardiovascular disorders, which can lead to endothelial dysfunction
and high blood pressure.

In our study, we observed that women with PCOS exhibited dyslipidemic profiles characterized

by elevated levels of total cholesterol, triglycerides, LDL, and the Chol/HDL ratio.
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Specifically, the mean+SD levels of total cholesterol (178.4+38.6), triglycerides (110.1+54.7),
LDL (116.5+30.1), and the Chol/HDL ratio (4.3+0.8) were higher in the PCOS group
compared to the control group, where the corresponding levels were total cholesterol
(176.3£35.9), triglycerides (88.5+37.2), LDL (111.9+27.1), and the Chol/HDL ratio (3.7£0.7).
The differences in triglycerides and the Chol/HDL ratio were statistically significant (p<0.05).
Conversely, the level of HDL was significantly lower in the PCOS group (42.5+9.3) compared
to the controls (47.948.1), with this difference also being statistically significant (p<0.05). The
findings of our study are consistent with those reported by Manjunatha et al., who observed a
significant increase in serum triglycerides, cholesterol, LDL, and VLDL levels, along with a
decrease in serum HDL levels among PCOS subjects. Their study highlighted the altered serum
lipid profile in PCOS and concluded that dyslipidemia is a key risk factor associated with the
condition [17]. Reduced levels of HDL are frequently accompanied with elevated levels of
triglycerides, LDL, and Cholesterol-HDL ratio. Moreover, the majority of the LDL particles
are dense, tiny particles, which have a higher propensity for atherogenicity. More anomalies
are seen even when the degree of obesity is taken into account. High triglyceride levels are
associated with androgen levels, but not with other lipid disorders. Lower HDL and higher
triglyceride values are found in women who have both irregular menstruation and hirsutism
[18]. Other cardiovascular risk factors, such as hypertension, endothelial dysfunction, and
inflammation, are more common in conjunction with hyperlipidemia. Blood pressure in women
with oligomenorrhea and hirsutism is higher at the systolic and diastolic levels [19].

There are several contributing factors to dyslipidaemia in PCOS. Patients with PCOS often
have insulin resistance, which can lead to dyslipidaemia. A key function for insulin resistance
seems to be played by lipolysis stimulation and changes in the expression of hepatic and
lipoprotein lipases. Increased HDL particle catabolism and LDL particle production are also

related to insulin resistance. A changed lipid profile may potentially be a result of
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hyperandrogenism in addition to insulin resistance [20]. An increased level of hepatic lipase
activity, which is involved in the breakdown of HDL particles, has been linked to
hyperandrogenism. Adipocytes were able to release free fatty acids into the bloodstream and
undergo enhanced lipolysis brought on by catecholamines due to hyperinsulinemia and
hyperandrogenaemia.  Through  the reverse cholesterol  transfer  mechanism,
hypertriglyceridemia results in decreased HDL cholesterol and increased LDL cholesterol
levels reduced fatty acid oxidation, slower clearance, or enhanced lipogenesis could possibly
be the cause of the rise in triglycerides [21]. In PCOS women, elevated triglyceride levels may
play a role in their obesity. Increased risk of cardiovascular illnesses is attributed to altered
lipid profile, obesity, and insulin resistance. To avoid issues linked to cardiovascular disorders,
PCOS patients must be routinely checked and monitored [22].

One of the study's drawbacks is the limited sample size. To fully understand the significance
of lipid profiles in the prevention and treatment of women with polycystic ovarian syndrome,

more research with a larger sample size is required.
6. CONCLUSION

The current study aimed to determine the lipid profile levels in both normal healthy controls
and those with polycystic ovarian syndrome (PCOS). According to this study, women with
PCOS exhibited an atherogenic lipoprotein profile, which was defined by elevated
triglycerides, cholesterol, and LDL and decreased HDL. These findings may be risk factors for
the later development of cardiovascular complications. Therefore, to effectively prevent
cardiovascular risk, it is advised that all women with PCOS undergo routine screening for
dyslipidemia and implement the required dietary restrictions and lifestyle modifications as

soon as possible.
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