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Abstract

Background:Polycystic Ovary Syndrome (PCOS) is a common endocrine disorder in women of reproductive age, often
characterized by insulin resistance, hyperinsulinemia, and dyslipidaemia, which increases the risk for cardiovascular
diseases. Metformin, an insulin-sensitizing agent, has been widely used to improve insulin resistance in PCOS.

Aim: To evaluate the effect of metformin therapy on and lipid profile, lipid ratios and insulin resistance in South Indian
women with PCOS.

Objective: To assess changes in lipid profile (total cholesterol, LDL, HDL, triglycerides), lipid ratios and insulin
resistance markers - HOMA-IR before and after metformin treatment in PCOS patients.

Material and Methods: A Case-control study with 104 women with PCOS patients and 95 healthy age matched control
subjects were enrolled in the study. Standard- physical method and Chemi Luminescent Immunoassay techniques were
employed for measurement of anthropometric parameters and plasma sex hormones respectively in both the groups.
Fasting insulin, glucose and lipid profile were measured by standard methods and lipid ratios also calculated from lipid
profile. Insulin resistance was measured as HOMA-IR. All 104 PCOS cases received metformin 1500 mg/day for 8 weeks.
At the end of 8-week treatment, lipid profile, lipid ratios and insulin resistance and were measured like pre-metformin
treatment.

Result:Metformin significantly reduced insulin resistance, reflected by decreased HOMA-IR scores (p < 0.05). Significant
improvement was observed in lipid profile with a reduction in total cholesterol, triglycerides, LDL- cholesterol and lipid
ratios (p < 0.05). HDL- cholesterol showed a significance increase (p < 0.05).

Conclusion: Metformin therapy significantly improves both insulin resistance, lipid profile and lipid ratios in PCOS
patients. These effects may contribute to reducing cardiovascular risk factors associated with PCOS, making metformin
an essential therapeutic drug. Further studies may be needed to confirm long-term outcomes.
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Introduction cholesterol (LDL-C), Higher triglycerides (TG),

Polycystic ovary syndrome (PCOS) is one of most
common gynecological and endocrine disorder affecting
females of the reproductive age, causing infertility with
a prevalence of approximately 5-20 %. worldwide (1). It
is  characterized by menstrual irregularities,
hyperandrogenism, and polycystic ovaries, and is often
associated with metabolic disturbances such as insulin
resistance, obesity, and dyslipidaemia (2). While the
causes of PCOS are still unknown. insulin resistance
secondary to obesity is strongly correlated to this
syndrome. In PCOS, obesity worsens insulin resistance
and exacerbates reproductive and metabolic features (3)
Dyslipidaemia in PCOS is a well-documented feature,
with a typical lipid profile including: Elevated total
cholesterol (TC), Increased low-density lipoprotein
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Reduced high-density lipoprotein cholesterol (HDL-C)
(4). Lipid ratios such as TC/HDL-C, LDL-C/HDL-C,
and TG/HDL-C are considered more sensitive markers
of cardiovascular risk than individual lipid parameters.
These ratios are frequently altered in women with
PCOS, elevating their risk for cardiovascular disease (5).
Recent studies emphasize that metformin, an insulin-
sensitizing agent, has been widely used in PCOS
management has significant effects on lipid profiles and
ratios, which are critical in evaluating cardiovascular
risk. Metformin primarily functions by improving
insulin  sensitivity, reducing insulin levels, and
decreasing androgen production in PCOS patients. This
insulin-sensitizing effect also positively influences lipid
metabolism, leading to beneficial changes in lipid
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profiles (6). Clinical trials have reported significant
reductions in total cholesterol (TC), low-density
lipoprotein cholesterol (LDL-C), and triglycerides (TG)
after three months of metformin therapy in PCOS
patients.  Furthermore,  high-density lipoprotein
cholesterol (HDL-C) levels typically improve, albeit
modestly. Additionally, metformin has been shown to
reduce important lipid ratios such as the LDL-C/HDL-C
and TC/HDL-C ratios, which are key markers for
cardiovascular risk. This suggests that metformin may
help mitigate the cardiovascular complications
associated with PCOS (7) Another interesting
observation is the reduction in the atherogenic index of
plasma (AIP), which reflects the balance between TG
and HDL-C, further supporting the idea that metformin
can positively impact lipid metabolism in PCOS patients
(8). However, there are only a few studies specifically
concerning the effect of Metformin therapy on lipid
profile and lipid ratios in women with PCOS (9).
However, the effect of metformin on lipid profile and
lipid ratios, particularly in South Indian women with
PCOS, has not been comprehensively studied. In this
background, the aim of our study is to assess the role of
metformin treatment on lipid profile and lipid ratios in
south Indian women with PCOS.

Materials and Methods

The case control study was conducted on104 women
with PCOS and 95 healthy women as controls with
regular menstrual cycles aged between 20 to 35 years
were recruited from outpatient department of Obstetrics
and Gynecology, Jawaharlal Institute of Post Graduate
Medical Education and Research (JIPMER) Puducherry,
India. The diagnosis of PCOS was made according to the
Rotterdam consensus criteria (10). It is defined as patient
was considered to have PCOS if she fulfilled two out of
the following three criteria: oligo- and/or anovulation,
clinical and/or biochemical signs of hyperandrogenism
and polycystic ovaries on ultrasonography scan. The
study was approved by Institute Research Council Board
and followed by Human Ethical Committee, JIPMER,
and Puducherry, India (No. Edn.6(10)/2007 and
Reg.No.1). The written informed consent was obtained
from patients and controls. Patients with diabetes
mellitus, thyroid dysfunctions, Cushing's syndrome,
congenital adrenal hyperplasia, hyperprolactinemia,
androgen secreting tumor, renal and liver dysfunction
were excluded from the study by specific laboratory
tests. Subjects with medication like ovulation induction
agents, antiandrogens, antidiabetic, anti-obesity,
hormonal drugs and current or previous use of OC within
last 6 months, smoking and alcohol intake were also
excluded from the study. All 104 PCOS patients and 95
healthy control underwent full physical examination and
anthropometric measurements including weight, height
and, waist and hip circumferences. Weight was
measured with the subjects wearing light clothing
without shoes, and height was measured using a
stadiometer. Body Mass Index (BMI) was calculated by
using the formula: weight (Kg)/height (meters). Waist

circumferences (WC) were measured with the patients
standing at a point mid-way between lower costal
margin, and ileac crest in the mid- auxiliary line. Hip
circumferences were measured at the widest point over
the buttocks with the subjects standing and breathing
normally. The waist to hip ratio (WHR) were calculated
for all subjects = waist circumference/hip circumference
After overnight fasting venous blood sample was
obtained between 08.00 am and 08.30 am, on the 2nd
day of spontaneous progesterone (methoxy progesterone
acetate 10mg/day for 7 days) induced withdrawal
bleeding for (to carry out the study during the follicular
phase we had to induce the menstruation in PCOS
women because they were having irregular menstrual
cycles) estimation of hormones, IR marker indices and
lipid profile. The plasma glucose was determined by
glucose oxidase-peroxidase, (GOD-POD) end point
method using a commercial kit (Agape diagnostic, India)
using clinical chemistry Auto analyzer (Beckman
Coulter AU680, Japan). Plasma Insulin was (Bio line,
Belgium) estimated by ELISA techniques (Lab system-
Multiskan Ascent, Finland) IR was determined by
Homeostasis Model Assessment for insulin resistance
(HOMA - IR) = Fasting glucose (mg / dl) x fasting
insulin (mulU / ml) / 405(11). QUICK was calculated
as=1/ (log (fasting insulin) +log (fasting glucose) (12)
Serum LH, FSH, were determined by Chemi
Luminescent Immunoassay (CLIA) method using
Siemen’s Advia Centaur CP kit by Siemens Advia
Centaur CP analyzer, Japan. The Testosterone,
Androstenedione, Progesterone, Estradiol, DHEAS,
SHBG, 17-hydroxy progesterone (17-OHP) were
analyzed by competitive immunoassay by Chemi
Luminescent Immunoassay method using Siemen’s
Advia Centaur CP kit by Siemens Advia Centaur CP
analyzer, Japan. Total cholesterol, Triglycerides were
measured by cholesterol esterase-oxidase end point and
glycosol-3-phosphate  oxidase-peroxidase, endpoint
method respectively by using commercial kits (Agape
diagnostic, India) by autoanalyzer (Beckman Coulter
AU680, Japan). HDL-cholesterol was estimated by
direct immune-inhibition method using commercial kits
(Agape diagnostic, India) using autoanalyzer (Beckman
Coulter AU680, Japan). VLDL-cholesterol was
calculated by dividing the total cholesterol concentration
by 5 (13). LDL-cholesterol was calculated using
Friedwald’s formula. LDL-Cholesterol = Total
Cholesterol (mg/dl) — [HDL-C + Triglycerides] 5 Non-
HDL-cholesterol was calculated by subtracting HDL-
cholesterol from total cholesterol. Atherogenic indices
as indicated by various risk ratio were calculated using
the following calculations: TC (mg/dL)/HDL-C (mg/
dL), TG (mg/dLyHDL-C (mg/dL), LDL-C
(mg/dl)/HDL-C(mg/dl), and non-HDL-C(mg/dl) /HDL-
C(mg/dl).

All 104 PCOS Patients received metformin 1500 mg/day
(C.I Laboratories, Calcutta-700653) along with food for
8 weeks. Patients were instructed not to modify their
eating habits, lifestyles, and active level during this
study. At the end of 8 weeks treatment blood sample
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were collected and lipid profile, lipid ratios and insulin
resistance markers were measured like pre-metformin
treatment.

Statistical Analysis:

All the statistical analysis were carried out the Statistical
Package for the Social Sciences (SPSS) version 24.0, for
Windows (SPSS, Inc., Chicago). All the quantitative
data were expressed as mean + standard deviation (SD).
The unpaired Student’s t—test was used to compare the
values of PCOS vs Controls. Pearson's correlation
coefficient test was used to assess the association

between the parameters in PCOS patients. Statistical
significance was considered as P < 0.05

Results

Table-1 Shows anthropometric parameters in control
groups and PCOS groups. In this study all women were
in the age group of 25-35 years for both cases and
controls. The BMI was found to be more in PCOS
patients and statistically significant when compared to
the control subjects (p<0.01). The waist to hip ratio was
more in PCOS cases and statistically significant when
compared to the control subjects (p<0.05)

Table 1: Anthropometrics parameters in control and PCOS Cases.

Variables Control (n =95) | PCOD (n =104)
Age (years) 27+4 27.33 £3.30 NS
Weight (Kg) 57+12 68 + 4%*

Height (Cm) 1.59+0.05 1.58+£3.38 NS
BMI (Kg/ m?) 22.08+1.75 27.39 £ 1.45%*
Waist circumference (Cm) | 7544 89 + 3*

Hip circumference (Cm) 9145 104 + 4*
Waist-hip ratio 0.82+0.02 0.85+0.01*

Values on shown in mean + standard deviation
*p <0.05and ** p <0.01 compared to controls
NS=Not significant

The hormonal data of women with PCOS and controls are shown in Table 2. The hormones such as LH, total Testosterone
androstenedione was significantly higher in women with PCOS than controls (p < 0.01) and similarly, LH/FSH ratio and
progesterone, 17 OHP, DHEAS were also significantly higher in women with PCOS than healthy controls groups (p <
0.05). On the other hand, patients with PCOS had significantly lower levels of FSH, estradiol and SHBG than control

groups (P < 0.05)

Table-2 Hormonal profiles in control and PCOS cases

Variables Control (n =95) | PCOD (n =104)
LH (uIU/ml) 5.98+1.03 13.10+7.00%*
FSH (uIU/ml) 5.74+1.16 4.61+£1.85%*

LH /FSH 1.05+0.11 2.83+0.76*

TT (ng/dl) 36.60+8.15 63.98+16.65%*
A4 (ng/dl) 1.47+0.45 3.64+0.87%*
Progesterone (ng/dl) | 0.45+0.40 0.61+0.39*

17 OHP (ng/dl) 0.53+0.02 0.84+0.18*

E, (pg./ml) 58.92+17.21 39.03=11.51*
SHBG (nmol/L) 62.39+8.35 42.98+11.44*
DHEAS (upg/dl) 173.12+44.72 262.64+72.33%*

Values are shown in mean =+ standard deviation and
*p <0.05and ** p <0.01 compared to controls

Table 3: depicts the insulin resistance indices in control and PCOS groups. The fasting plasma glucose was significantly
increased in PCOS cases when compared to control groups (p < 0.05) The fasting plasma insulin and HOMA-IR were
significantly increased in PCOS patients compared to control groups (p < 0.01) The fasting plasma glucose and insulin
ratio was significantly decreased in PCOS group than control subjects (p < 0.01) The QUICKI was significantly lowered

in patients than in control subjects (p < 0.05)
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Table-3: Insulin resistance parameters in women with PCOS and healthy controls.

Variables Control (n=95) | PCOS (n=104)
Fasting glucose (mg/dl) | 83.76+6.67 106.64+12.56*
Fasting Insulin

+ + sk
(uIU/ml) 14.27+£2.92 35.61£5.31
Glucose / Insulin 6.20+1.79 3.01+0.33**
HOMA-IR 2.92+0.53 9.49+2.36%*
QUICKI 0.33+0.09 0.28+0.09*

Values are shown in mean standard deviation
*p <0.05and
** p <0.01 compared to controls

Table-4 depicts the insulin resistance parameter in PCOS patients before and after treatment with metformin. The fasting
insulin and HOMA-IR were significantly lowered (p<0.05) and fasting glucose and insulin ratio was significantly
increased (p<0.05) in PCOS patients by metformin treatment. However, QUICKI was not significantly altered.

Table 4: Insulin resistance parameters in PCOS cases (Before and After Metformin

Treatment)

. PCOS (n=104) PCOS (n=104)
Variables Before Treatment | After Treatment
Fasting glucose (mg/dl) | 106.64+12.56 80.31+11.44*
Fasting Insulin (uIU/ml) | 35.61+5.31 21.18+8.87*
Glucose / Insulin 3.01+0.33 4.48+1.91*
HOMA-IR 9.494+2.36 4.16£1.73*
QUICKI 0.28+0.09 0.31+£0.02 NS

Values are shown in mean + standard deviation
* p <0.05 compared to before treatment
NS = Not significant

Table-5 Shows lipid profile atherogenic index, of PCOS patients, before and after metformin treatment. The total
cholesterol, triglycerides, LDL-cholesterol, and were significantly reduced (p<0.05) and HDL-cholesterol was
significantly increased (p<0.05) in PCOS patients after metformin treatment. Atherogenic index such us non-HDL-
cholesterol, total cholesterol/HDL-cholesterol, TG/HDL-cholesterol, and LDL-cholesterol/HDL-cholesterol were
significantly decreased by metformin treatment in PCOS patients(p<0.05).

Table 5: Lipid parameters in PCOS cases (Before and After Metformin Treatment)

Variables

PCOS (n=104)
Before Treatment

PCOS (n=104)
After Treatment

Total cholesterol (mg/dl)

181.66+30.30

164.68+28.47 *

Triglycerides (mg/dl)

139.41+35.41

112.35+52.13*

HDL-C (mg/dl)

34.42+7.69

46.55+9.09*

LDL-C (mg/dl)

119.36+21.27

105.67+£32.32*

Non HDL-C (mg/dl)

147.24425.23

128.13£13.15*

TG/ HDL-C 4.11+0.75 2.51£1.3*
TC/HDL-C 5.41+0.86 3.95+1.31*
LDL-C/HDL-C 3.60+0.81 2.45+1.3*

Values are shown in mean + standard deviation

* p <0.05 compared to before treatment

Table-5 Shows lipid profile atherogenic index, of PCOS
patients, before and after metformin treatment. The
triglycerides, LDL-cholesterol and VLDL-cholesterol
were significantly reduced (p<0.05) and HDL-
cholesterol was significantly increased (p<0.05) in
PCOS patients after metformin treatment. Atherogenic
index such  us  non-HDL-cholesterol, total

cholesterol/HDL-cholesterol, TG/HDL-cholesterol, and
LDL-cholesterol/HDL-cholesterol were significantly
decreased by metformin treatment in PCOS patients.

Discussion

The exact cause of PCOS is not clear, however IR
certainly plays a major role in PCOS and its repercussion
are responsible for all aspects of PCOS namely the
metabolic, endocrine, reproductive, and long-term risk
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factor (14). IR and secondary hyperinsulinemia affect
approximately 65-70% of women with PCOS (15).
Hyperinsulinemia is a predictor of CAD, IR has been
proposed as a key factor linking to hypertension, glucose
intolerance, obesity, lipid abnormalities and coronary
heart disease (16). The present study showed that PCOS
women had higher degree of IR in terms of increased
HOMA-IR, fasting glucose, and fasting insulin and
decreased QUICKI and glucose / insulin ratio compared
to the control group and results were consistent with
other previous studies. In many studies performed in
PCOS women, HOMA-IR and QUICKI were used as
markers of insulin resistance. Several studies confirmed
that both obese and non-obese women with PCOS have
a higher incidence of insulin resistance and
hyperinsulinemia than age-matched controls, however,
obese women with PCOS have significantly decreased
insulin sensitivity compared with non-obese PCOS
women (17,18). Reports of the prevalence of insulin
resistance in women with PCOS vary dependent on the
sensitivity and specificity of the tests employed and the
heterogeneity of PCOS. Since IR and hyperinsulinemia
play a major role in the pathophysiology of PCOS, the
use of insulin sensitizers such as Metformin, may be
vital in its management (19). Several studies have been
published investigating the effect of metformin on IR in
women with PCOS. The first study was by Velazque EM
et al., (1994) in USA found that metformin treatment in
26 obese PCOS women with mean BMI of 29 Kg/m? for
8 weeks showed that reduced hyperinsulinemia, systolic
blood pressure, and improved hormonal and
reproductive abnormalities (20). Diamanti-Kandarakis E
et al., (1998) found that a significant reduction in fasting
glucose and fasting insulin and same result were
obtained by the Finish group (21). A reduction in fasting
glucose and insulin levels after treatment with
metformin was reported by investigators in both obese
(22) and non-obese (23). In a meta-analysis of 13
controlled studies, in different ethnic populations, it was
confirmed that metformin has a significant effect in
reducing fasting insulin levels, associated with a small
reduction of fasting glucose (24.). It was shown that
treatment with 1500mg of metformin for 8 weeks
decreases the levels of serum insulin (25,26). In a
double-blind study by Moghetti P et al., (2000) and
Acbay O and Gundogdu S (1996) found that no
difference in insulin and glucose levels with metformin
treatment. (27,28) Not all studies have shown consistent
improvement of insulin sensitivity with metformin
therapy. Possible explanation for this discrepancy may
be variability in the doses of metformin and the effect of
metformin on BMI. Our study also indicated that the
fasting glucose and fasting insulin and HOMA-IR were
reduced and QUICKI and glucose / insulin ratio were
increased with metformin therapy and consistent with
reports like Velazquez et al., (1994), De leo V et al.,
(1998) and Awartani KA et al., (2002). (29,30,31) The
possible mechanism for metformin action for lowering
insulin resistance by inhibiting hepatic glucose
production, by gluconeogenesis by, direct inhibition of

gluconeogenic enzymes decrease intestinal glucose
uptake and increase insulin sensitivity in peripheral
tissues. Metformin has antilipolytic effects and lower
circulating free fatty acids concentration, which
ultimately reduce the gluconeogenesis and IR (32).
Metformin affects ovarian function by improving insulin
sensitivity and inhibiting androgen synthesis by theca
cells, directly impacting ovarian steroid hormone
synthesis (33).

Numerous studies have shown that metformin improves
various lipid parameters in PCOS women, although the
degree of change can be modest. Metformin plays a
crucial role in addressing dyslipidaemia, a common
issue in women with Polycystic Ovary Syndrome
(PCOS). PCOS is associated with insulin resistance,
which can lead to an abnormal lipid profile, increasing
the risk of cardiovascular diseases. Metformin, by
improving insulin sensitivity, directly and indirectly
influences lipid metabolism, resulting in more
favourable lipid profiles (34).

Several studies have shown that metformin significantly
reduces total cholesterol (TC) and low-density
lipoprotein cholesterol (LDL-C). These changes are
particularly important because high levels of LDL-C are
a major risk factor for atherosclerosis and cardiovascular
disease (35,36).

Our results showed that treatment with metformin
caused a significant increase in HDL-C and a decrease
in total cholesterol, triglyceride, VLDL-C and LDL-C
levels in PCOS patients. Our result is in accordance with
recent studies by Prithiv Raj et al. (2024), Johanna Melin
et al. (2023), Ghalia M. Attia et al.(2023), Geetika Singh
et al (2017),Rachana Mehandiratta et al (2016), Singh B
et al (2010), Costantino D et al (2009),Karimzadeh et al
(2007), and Ibanez L et al. (2007)
(37,28,29,40,41,42,43,44,45) where metformin has been
shown to improve the lipid profile. Glueck et al (2003)
reported that a significance decreases in triglycerides
levels as well as HDL-C in PCOS patients on metformin
treatment (46). Therefore, treatment with metformin
may cause the prevention of CVD through correcting
lipid profile changes. Other studies done by Rautio et al
(2005) Moghetti et al (2000) and Valazquez et al (1994)
showed that no significance changes in serum
cholesterol, triglycerides, and LDL-C in women with
PCOS (47,48). On the other hand, some other studies
have shown that only a negligible or on effect on lipid
profile in women with PCOS (49,50). In a meta-analysis
of by Harborne L et al (2003) by metformin therapy, no
difference in total cholesterol, HDL -C or LDL-C
cholesterol were observed (51). These discrepancies in
the result among researches could be explained by
difference in the study population or by different
duration of treatment in various studies.

The mechanism of the effect of metformin on lipid
profile is not clear and may be due to improvements in
insulin sensitivity. Its principal clinical function is to
inhibit the production of hepatic glucose, increasing
insulin sensitivity in peripheral tissues and decreasing
intestinal glucose uptake (52). Additionally, it inhibits
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mitochondrial respiratory chain complex 1 by interfering
with cellular respiration, which imitates a cell starvation
condition by decreasing intracellular ATP. Accordingly,
the adenosine monophosphate (AMP) pool increases,
activating the AMP- activated protein kinase (AMPK)
(53). The AMPK stimulation also increases the
translocation of glucose transporters (GLUT) to the cell
membrane and increases the transport of glucose into the
cell

The activation of AMPK also results in a reduction in the
activity of acetyl-CoA carboxylase (ACC) which in turn
reduces oxidation of fatty acids and suppresses lipogenic
enzymes. Suppression of fatty acid oxidation results in
decreased hypertriglyceridemia, thus reducing the
availability of energy for gluconeogenesis. This is linked
with increased clearance of very low-density lipoprotein
(VLDL) and decreased synthesis. Lipolysis inhibition
and reduction in triglyceride levels will lead to increased
insulin sensitivity through reduced lipotoxicity (54).

In our study shown that atherogenic index like non-
HDL-C, TG/HDL-C, TC/HDL-C and LDL-C / HDL-C
were reduced in PCOS patient with metformin
treatment. Lipid ratios such as TC/HDL-C, LDL-
C/HDL-C, and TG/HDL-C are considered more
sensitive markers of cardiovascular risk than individual
lipid parameters. (55). Metformin has been shown to
reduce these ratios, indicating an overall improvement in
the balance between harmful and protective lipids (56).
Our results were in line with previous studies on lipid
ratios in PCOS, where metformin has been shown to
improve lipid ratios (57,58). A lower LDL-C/HDL-C
ratio is particularly valuable because it reflects reduced
atherosclerotic risk. Atherogenic Index of Plasma (AIP),
calculated as the log of the triglyceride/HDL-C ratio, is
a sensitive indicator of cardiovascular risk. Metformin
significantly lowers AIP, providing further evidence of
its protective role in reducing cardiovascular
complications in PCOS patients (59). In summary,
metformin therapy has shown consistent benefits in
improving lipid profiles and lipid ratios and reducing
cardiovascular risk in PCOS patients by targeting key
metabolic abnormalities linked to insulin resistance and
dyslipidaemia. Long-term use of metformin in PCOS
patients is associated with sustained improvements in
lipid profiles, along with other metabolic benefits such
as weight reduction, decreased androgen levels, and
improved menstrual regularity. These combined effects
make metformin a cornerstone therapy for managing
both metabolic and reproductive issues in PCOS. (60)

Conclusion

Metformin plays an essential role in improving the lipid
profile in PCOS patients by addressing the underlying
issue of insulin resistance. Its effects on reducing total
cholesterol, triglycerides, LDL-C, and improving HDL-
C and lipid ratios contribute significantly to reducing the
cardiovascular risk in insulin resistance women with
PCOS. Given its benefits

on both metabolic and reproductive aspects of PCOS,
metformin is a cornerstone of therapy for managing the
syndrome's complex symptoms.

Acknowledgments

This study was performed in the department of
Biochemistry, Jawaharlal Institute of Post Graduate
Medical Education and Research (JIPMER) Puducherry,
India and supported by department of Obstetrics and
Gynecology, Jawaharlal Institute of Post Graduate
Medical Education and Research (JIPMER) Puducherry,
India

Conflicts of interest
There is no conflict of interests to declare

References

1.  1.Crespo RP, Bachega T, Mendon¢a BB, Gomes
LG. (2018). An update of genetic basis of PCOS
pathogenesis. (2018) Arch Endocrinol
Metab;62(3):352-61Escobar-Morreale HF 2018
Polycystic ovary syndrome: definition, etiology,
diagnosis, and treatment. Nature Reviews.
Endocrinology 14 270-284.

2. 2.Salari, N., Nankali, A., Ghanbari, A. et al. Global
prevalence of polycystic ovary syndrome in
women worldwide: a comprehensive systematic
review and meta-analysis. Arch Gynecol
Obstet 310, 1303-1314 (2024).
https://doi.org/10.1007/s00404-024-07607-x

3. Cassar S, Misso ML, Hopkins WG, Shaw CS,
Teede HJ, Stepto NK. Insulin resistance in
polycystic ovary syndrome: a systematic review
and meta-analysis of euglycaemic-
hyperinsulinaemic clamp stud- ies. Hum Reprod.
2016;31(11):2619-2631. https://doi.org/10.
1093/humrep/dew243

4. Pepel, Agrusa A, Rinella MR, Fertita E, Gulotta P,
Scozzari F, et al. Heterogenous forms of
dyslipidemia in women with polycystic ovary
syndrome. Acta Medica Mediterranea 2008;
24:133-9.

5.  Dyavegowda N, Srinivas A, Yaliyur Dhananjay S.
Role of Lipid Ratios in Determining the Insulin
Resistance in Polycystic Ovary Syndrome Women
at a Tertiary Care Hospital in South India. J Med
Sci 2024;10(1-4):00282

6. 6.Abdalla MA, Shah N, Deshmukh H, Sahebkar A,
Ostlundh L, Al-Rifai RH, Atkin SL, Sathyapalan T.
Impact of metformin on the clinical and metabolic
parameters of women with polycystic ovary
syndrome: a systematic review and meta-analysis
of randomised controlled trials. Ther Adv
Endocrinol Metab. 2022 Oct 7;
13:20420188221127142. doi:
10.1177/20420188221127142. PMID: 36225721;
PMCID: PM(C9548689

7. 7.Negar Naderpoor, Soulmaz Shorakae, Barbora de
Courten, Marie L. Misso, Lisa J. Moran, Helena J.
Teede, Metformin and lifestyle modification in

1JDDT, Volume16 Issue 70s, 2026

Page: 924



Role of Metformin on Lipid profile, Lipid ratios, and Insulin Resistance in South Indian Women with Polycystic Ovary
Syndrome

10.

11.

12.

13.

14.

15.

16.

17.

18.

polycystic ovary syndrome: systematic review and
meta-analysis, Human Reproduction Update,
Volume 22, Issue 3, May/June 2016, Pages 408—
409,

8-Kashi Z, Mahrooz A, Kianmehr A, Alizadeh A
(2016) The Role of Metformin Response in Lipid
Metabolism in Patients with Recent-Onset Type 2
Diabetes: HbAlc Level as a Criterion for
Designating  Patients as  Responders or
Nonresponders to Metformin. PLoS ONE 11(3):
e0151543. doi:10.1371/ journal. pone.0151543
Editor: Yanqiao Zhang, Northeast Ohio Medica
9.Cassar S, Misso ML, Hopkins WG, Shaw CS,
Teede HJ, Stepto NK. Insulin resistance in
polycystic ovary syndrome: a systematic review
and meta-analysis of euglycaemic-
hyperinsulinaemic clamp studies. Hum Reprod.

2016;31(11):2619-2631. https://doi.org/10.
1093/humrep/dew243

10. ESHRE/ASRM (2004) "Revised 2003
consensus on diagnostic criteria and long- term
health risks related to polycystic ovary syndrome
(PCOS

11.Matthews DR, Hosker JP, ASI R (1985).
Homeostasis model assessment: insulin resistance
and beta cell function from fasting plasma glucose
and insulin concentrations in man. Diabetologia;
28:412-9.

12.Katz A, Nambi SS, Mather K, et al (2000).
Quantitative insulin sensitivity check index: a
simple, accurate method for assessing insulin
sensitivity in humans. The Journal of Clinical 13.
Endocrinology and MetabolismJul;85(7):2402-
2410. DOIL: 10.1210/jcem.85.7.6661. PMID:
10902785.

Fried Ewald WT, Levy RI, Fredrickson DS:
Estimation of the concentration of low-density
lipoprotein cholesterol in plasma, without use of
the preparative ultracentrifuge. Clin Chem. 1972,
18:499-502. 10.1093/clinchem-18.6.499

14.0rio F JR, Palomba S, Cascella T et al., (2005).
Improvement in endothelial structure and function
after metformin treatment in young normal-weight
women with PCOS; result of a six-month study. J
Clin Endo Metab. 90(11);6072-6076.

15.Deugrate CM, Bartolucci AA, Azziz (2005)
Prevalence of IR in the PCOS. using the
Homeostasis model assessment. Fertile Sterile
83:1454-1460.

16.Galluzzo A, Amato MC, Giordano C (2008). IR
and PCOS. Nutr Metab. Cardiovas Dis. 18:511-8.
17.Reaven GM, Abbasi F, McLaughlin T (2004)
obesity, insulin resistance, and CVD, recent
progness in Hormone Research 59:207-223.
18.Carmina E, Rogerio A, Lobo (2004). Use of
fasting blood to assess the prevalence of IR in
women with PCOS. Fertility and
sterility.82(3);661-665.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Baillargeon JP, luorno MJ, Nestler JE. Insulin
sensitisers for polycystic ovary syndrome. Clin
Obstet Gynecol. 2003;46(2):325-40.

20.Velazquez EM, Mendoza S, Hamer T, Sosa F,
Glueck CJ] (1994) Insulinemia, IR,
hyperandrogenaemia, and systolic blood pressure,
while facilitating normal menses and pregnancy.
Metabolism 43(5):647-654.
21.Diamanti-Kandarakis E, Kouli C, Tsianateli T
and Bergiele. A (1998). Therapeutic effects of
metformin on IR and hyperandrogenism in PCOS.
Eur J Endocrinol 138:269-274.

22.Morin-Papunen L.C, Vauhkonen. I, Kolvunen
R.M. Ruokonan A et al (2000). Endocrine and
metabolic effects of metformin versus ethinyl
estradiol, cyproterone acetate in obese women with
PCOS. J. Clin. Endo Metab. 85:3161-3168.
23.Maciel GA, Junior JA, Motta EL, Haidar MB et
al (2004). Nonobese women with PCOS respond
better than obese women to treatment with
metformin-Fertility and sterility 81(2):355-360.
24.Lord JM, Flight TH, Norman RJ (2003). Insulin
sensitizing drugs (Metformin, troglitazone,
rosiglitazone, pioglitazone, D-chiro-inositol) for
PCOS. Cochrane Database Syst Rev. 3, Cdoo3053.
Review.

25.Deleo V, La Marca A, Diffo A (1999). Effect of
metformin on gonadotropin induced ovulation in
women with PCOS Fertile sterile 72:282-285.
Awartanik I, Chiung AP (2002). Metformin and
PCOS, a literature review. J. Obstet gynecol.
24:393-401.

27.Mogthetti P, Castello R, Negri C, Tosi F, Caputo
M et al (2000). Metformin effects on clinical
features, endocrine and metabolic profiles and
insulin sensitivity in PCOS: a randomized, double
blind, placebo-controlled 6-month trial, followed
by open, long-term clinical evaluation. J. Clin
Endocrinol Metab 85:139-146.

28.. Acbay O and Gundogdu S (1996) can
metformin reduce insulin resistance in PCOS?
Fertile sterile 65:946-949.

29.Velazquez EM, Mendoza S, Hamer T, Sosa F,
Glueck CJ] (1994) Insulinemia, 1R,
hyperandrogenaemia, and systolic blood pressure,
while facilitating normal menses and pregnancy.
Metabolism 43(5):647-654.

30.De Leo V, Lanzetta D, Antona DD, Marca AL
and Morgante G (1998). Hormonal effect of
Flutamide in young women with PCOS. J Clin
Endocrinol Metab 83(1):99.

31.Awartanik I, Chiung AP (2002). Metformin and
PCOS, a literature review. J. Obstet gynecol.
24:393-401.

32.Rena G. Hardie DG, Pearson ER. The
mechanisms of action of metformin. Diabetologia.
2017;60(9):1577-85.

Mansfield R, Galea R, Brincat M, Hole D, Mason
H. Metformin has direct effects on human ovarian
steroidogenesis. Fertil Sterile. 2003;79(4):956-62.

1JDDT, Volume16 Issue 70s, 2026

Page: 925



Role of Metformin on Lipid profile, Lipid ratios, and Insulin Resistance in South Indian Women with Polycystic Ovary
Syndrome

34.

35.

36.

37.

38.

39.

40.

41.

42.

34.Crespo RP, Bachega T, Mendonga BB, Gomes
LG. (2018). An update of genetic basis of PCOS
pathogenesis. (2018) Arch Endocrinol
Metab;62(3):352-61Escobar-Morreale HF 2018
Polycystic ovary syndrome: definition, aetiology,
diagnosis, and treatment. Nature Reviews.
35.Johanna Melin, Maria Forslund, Simon Alesi,
Terhi Piltonen, Daniela Romualdi, Poli Mara
Spritzer, Chau Thien Tay, Alexia Pena, Selma
Feldman Witchel, Aya Mousa, Helena Teede, The
impact of metformin with or without lifestyle
modification versus placebo on polycystic ovary
syndrome: a systematic review and meta-analysis
of randomized controlled trials, European Journal
of Endocrinology, Volume 189, Issue 2, August
2023, Pages S38—S64,

36.Kashi Z, Mahrooz A, Kianmehr A, Alizadeh A
(2016). The Role of Metformin Response in Lipid
Metabolism in Patients with Recent-Onset Type 2
Diabetes: HbAlc Level as a Criterion for
Designating  Patients as  Responders or
Nonresponders to Metformin. PLoS ONE 11(3):
e0151543. doi:10.1371/ journal. pone.0151543
Prithiv Paj, Sunita Samal, Shanmugapriya
Chandrasekaran, Karthiga Prabu,Maitrayee Sen
(2004). Comparison of Metformin and Myoinositol
on Clinical, Hormonal and Metabolic Profile of
Patients with Polycystic Ovarian Syndrome: An
Open-label Randomised Clinical Trial. Journal of
Clinical and Diagnostic Research. 2024 Jan, Vol-
18(1): QC18-QC22

38.Johanna Melin, Maria Forslund, Simon Alesi,
Terhi Piltonen, Daniela Romualdi, Poli Mara
Spritzer, Chau Thien Tay, Alexia Pena, Selma
Feldman Witchel, Aya Mousa (2023). The impact
of metformin with or without lifestyle modification
versus placebo on polycystic ovary syndrome: a
systematic review and meta-analysis of randomize
controlled  trials. ~ European  Journal  of
Endocrinology, 2023, 189, S38-S64

39.Attia G M, Almouteri M, Alnakhli FT (August
31, 2023) Role of Metformin in Polycystic Ovary
Syndrome (PCOS)-Related Infertility, Cureus
15(8): 44493. DOI 10.7759/cureus.44493
40.Geetika Singh, Nishat Afroz, Noora Saeed,
Sheelu Shafiq SiddigF, Aaliya Ehsan and Mohd
Rafey (2017). Study of Lipid Profile in Patients of
Polycystic Ovaria Syndrome Before and After
Metformin Therapy. Annals of Pathology and
Laboratory Medicine.vol.4, issue 4.

41.Rachna Mehandiratta, Purnima Jindal, Vikrom
Takkar, Preeti Takkar Kapila, Rajiv Kapilas (2016).
Effect of Administration of Metformin on Lipid
Profile in Patients with Polycystic Ovary
Syndrome after Six Months of Treatment. J] Med
Res Prof.2016; 2(4); 66-69.

42.Singh B, Panda S, Nanda R, Pati S, Mangaraj
M, Sahu PK, Mohapatra PC. Effect of Metformin
on Hormonal and Biochemical Profile in PCOS

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

Before and After Therapy. Indian J Clin Biochem.
2010 Oct;25(4):367-70.

Costantino. G. Minozzi, F. Minozzi, C. Guaraldi.
Metabolic and hormonal effects of myo-inositol in
women with polycystic ovary syndrome: A double-
blind trial. Eur Rev Med Pharmacol Sci. 2009, Vol.
13: 105-110.

Karimzadeh, M. A., Eftekhar, M., Taheripanah, R.,
Tayebi, N., Sakhavat, L., Zare, F., et al., The effect
of administration of metformin on lipid profile
changes and insulin resistance in patients with
polycystic ovary syndrome: Middle East Fertility
Society Journal. 2007;12(3):174-178.

45.1Ibanez L, Lopez-Bermejo A, delRio, Enriquez
G et al (2007). Combined low dose pioglitazone,
glut amide, and metformin for women with
androgen excess. J Clin Endo Metab 92:1710-
1714.

46.Glueck CJ, Papanna R, Wang P, et al. Incidence
and treatment of metabolic syndrome in newly
referred women with confirmed polycystic ovary
syndrome. Metabolism. 2003; 52(7): 908-15.

47 Rautio K, Tapananien JS, Rukonen A and
Morin-Papunen LC. Effects of metformin and
ethinyl oestradiol-cyproterone acetate on lipid
levels in obese and non-obese women with
polycystic ovary syndrome. European Journal of
Endocrinology. 2005; 152: 269-275.

48 .Moghetti P, Castello R, Negri C, Tosi F, Perrone
F, Caputo M, Zanolin E & Muggeo M. Metformin
effects on clinical features, endocrine and
metabolic profiles, and insulin sensitivity in
polycystic ovary syndrome: a randomized, double-
blind, placebo-controlled 6- month trial, followed
by open, long-term clinical evaluation. Journal of
Clinical Endocrinology and Metabolism. 2000; 85:
139-14e.

Ehrmann DA, Cavaghan MK, Imperial J, Sturis J,
Rosenfield RL & Polonsky KS. Effects of
metformin on insulin secretion, insulin action, and
ovarian steroidogenesis in women with polycystic
ovary  syndrome. Journal of  Clinical
Endocrinology and Metabolism. 1997; 82:524-
530.

50.Velazquez EM, Mendoza S, Hamer T, Sosa F &
Glueck CJ. Metformin therapy in polycystic ovary
syndrome reduces hyperinsulinemia, insulin
resistance, hyperandrogenaemia, and systolic
blood pressure, while facilitating normal menses
and pregnancy. Metabolism: Clinical and
Experimental. 1994;43: 647-654.

51.Harborne L, Fleming R, Lyall H, Norman J,
Sattar N. Descriptive review of the evidence for the
use of metformin in polycystic ovary syndrome.
Lancet. 2003 May 31;361(9372):1894-901. doi:
10.1016/S0140-6736(03)13493-9. PMID:
12788588.

Xita N, Georgiou I, Tsatsoulis A: The genetic basis
of polycystic ovary syndrome. Eur J Endocrinol.
2003, 147:717-725.10.1530/cje 0.1470717 31

1JDDT, Volume16 Issue 70s, 2026

Page: 926



Role of Metformin on Lipid profile, Lipid ratios, and Insulin Resistance in South Indian Women with Polycystic Ovary

53.

54.

55.

56.

57.

59.

60.

61.

Syndrome

Christensen MM, Brasch-Andersen C, Green H, et
al.: The pharmacogenetics of metformin and its
impact on plasma metformin steady-state levels
and glycosylated haemoglobin Alc.
Pharmacogenet Genomics. 2011, 21:837-850.
10.1097/FPC.0b013¢32834c0010

Hur KY, Lee MS: New mechanisms of metformin
action: Focusing on mitochondria and the gut. I
Diabetes Investig. 2015, 6:600-609.10.1111/jdi.
12328

55.Matgorzata Katuz'na , Magdalena Czlapka-
Matyasik, Pola Kompf, Jerzy Moczko, Katarzyna
Wachowiak-Ochman’ska, Adam Janicki, Karolina
Samarzewska, Marek Ruchata and Katarzyna
Ziemnicka. Lipid ratios and obesity indices are
effective predictors of metabolic syndrome in
women with polycystic ovary syndrome. The Adv
Endocrinol Metab 2022, Vol. 13: 1-13

56.Negar Naderpoor, Soulmaz Shorakae, Barbora
de Courten, Marie L. Misso, Lisa J. Moran, Helena
J. Teede, Metformin and lifestyle modification in
polycystic ovary syndrome: systematic review and
meta-analysis, Human Reproduction Update,
Volume 22, Issue 3, May/June 2016, Pages 408—
409,

57 Negar Naderpoor, Soulmaz Shorakae, Barbora
de Courten, Marie L. Misso, Lisa J. Moran, Helena
J. Teede, Metformin and lifestyle modification in
polycystic ovary syndrome: systematic review and
meta-analysis, Human Reproduction Update,
Volume 22, Issue 3, May/June 2016, Pages 408—
409, https://doi.org/10.1093/humupd/dmv063
58.Johanna Melin, Maria Forslund, Simon Alesi,
Terhi Piltonen, Daniela Romualdi, Poli Mara
Spritzer, Chau Thien Tay, Alexia Pena, Selma
Feldman Witchel, Aya Mousa, Helena Teede, The
impact of metformin with or without lifestyle
modification versus placebo on polycystic ovary
syndrome: a systematic review and meta-analysis
of randomized controlled trials, European Journal
of Endocrinology, Volume 189, Issue 2, August
2023, Pages S38—

59.Kashi Z, Mahrooz A, Kianmehr A, Alizadeh A
(2016) The Role of Metformin Response in Lipid
Metabolism in Patients with Recent-Onset Type 2
Diabetes: HbAlc Level as a Criterion for
Designating  Patients as  Responders or
Nonresponders to Metformin. PLoS ONE 11(3):
e0151543.
https://doi.org/10.1371/journal.pone.0151543
60.Negar Naderpoor, Soulmaz Shorakae, Barbora
de Courten, Marie L. Misso, Lisa J. Moran, Helena
J. Teede, Metformin and lifestyle modification in
polycystic ovary syndrome: systematic review and
meta-analysis, Human Reproduction Update,
Volume 22, Issue 3, May/June 2016, Pages 408—
409,

1JDDT, Volume16 Issue 70s, 2026

Page: 927



