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Abstract

Objective: Polycystic ovary syndrome (PCOS) is a common endocrine condition that affects women of reproductive age, is known to be
associated with insulin resistance. The aim of the study was to evaluate the effects of metformin on insulin resistance, body mass index (BMI)
and waist hip ratio (WHR) in patients affected by PCO Syndrome.

Materials and Method: Blood samples of eighty age-matched PCOS women, diagnosed by standard criteria, were taken to test FBS and
Insulin before treatment. Patients were then divided randomly into two groups. In treated group (n=40), Metformin was prescribed three
times a day (1500 mg daily) and in control group w ithout treatment. After three months, sample of blood was taken again in order to test the
variance of the above mentioned parameters to compare with those amounts before test.

Results: BMI was 27.33+3.52 and 27.14+3.89Kg/m? before treatment in case and control groups respectively. This ratio changed after
treatment to 27.23+3.46 and 26.97+3.91Kg/m?2 in case and control groups respectively (P value>0.84) and no significant change in WHR
also. Insulin/glucose ratio was 3.45(1.04-9.21) and 3.11(1.02-15.79) while it changed after treatment to 2.52(0.79-6.86) and 2.61(0.87-10.0)
in case and control group respectively . The change was significant in case group (P-value=0.004). The treated group presented significantly
lower level of fasting Insulin ((17.30(5.7-66.3)vs10.90(3.4-50,0)) (p=0.001) and increased insulin sensitivity (HOMA S) (38.85(10.1-11.7) vs
61.75(12.09-199.5)) (p=0.001)) after treatment with Metformin.

Conclusion: Treatment with Metformin during three months causes decreases in insulin resistance though no effect on BMR.

Introduction

Polycystic ovary syndrome is one of the most common
metabolism and endocrine disorders among women with the
prevalence of about 5%- 10% worldwide [1]. Although the
disease was first described by Stein and Leventhal in 1935, the

is believed that insulin resistance and

hyperinsulinemia cause characteristic clinical symptoms and

Currently, it

hormonal abnormalities in polycystic ovary syndrome.

PCO patients are resistance to insulin and it is not related
to obesity [1], while different studies have shown that insulin
has a main role in pathogenesis of this syndrome and has direct
effect on ovarian steroidogenes is and consequently, it stimulates
the synthesis of androgens in theca cells and reduces steroid

criteria for diagnosis of the syndrome has changed across the
decades [2,3].

In 2003, a consensus workshop at a conference of the
European Society for Human Reproduction and Embryology

and American Society for Reproductive Medicine determined
polycystic ovary syndrome to be present if two out of the three
following criteria are met: anovulation or oligoovulation, clinical
or laboratory excess androgen activity, or an ultrasound image
of polycystic ovaries (if other endocrine disorders are excluded)
[4,5].

hormone binding globulin (SHGC) in liver and increases the
level of androgen [6]. Infertility is also a common issue faced
by women with PCOS, most often attributed to anovulation. In
addition, other factors may be operant in PCOS to lower these
women’s fertility, including reduced oocyte quality, defects in
endometrial development, and implantation abnormalities [7].
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Insulin resistance associated with hyperinsulinaemia affects
approximately 50% of PCOS patients, both obese and slim [8-10].
This results from the resistance of peripheral tissues to insulin
and from decreased hepatic degradation of insulin. Resistance
to insulin is most likely caused by tissue insulin receptor defects
[11-13].

The objective of this study was to find out any effect of
metformin on BMI, Waist /Hip ratio (WHR) and also to explore
the effect of Metformin on insulin sensitivity in patients with
Polycystic Ovary Syndrome.

Materials and Methods

Diagnosed cases of PCOS, attending the OPD of BSMMU
and BIRDEM from January 2005 to December 2005 were
included in the study. PCOS was diagnosed by oligomenorrhea
or amenorrhea, obesity, hirsutism, altered LH/FSH ratio and
polycystic ovary by USG finding. The total number of patients was
80. All were within reproductive age (Range: 18-40 years) and
were not taking any medications known to affect carbohydrate
or sex hormone metabolism. An informed consent was obtained
from the subjects before the study.

The study subjects were randomly assigned into two groups.
(Group-I and Group-II) using a computer-generated table of
random number. Group-I was Treated group (40 patients) who
received Tab. Metformin 500mg T.D.S. consecutively for 3 months.
Group-II was Control group (40 patients).Patients having PCOS
with co-existing disease (i.e. Diabetes Mellitus, Heart Disease),
diagnosed case of Congenital Adrenal Hyperplasia and acute
kidney and liver diseases were excluded from the study. PCOS
women with pregnancy and getting treatment with clomifen
citrate were not included.

Height was measured in centimeter (cm), Weight in kilogram
(kg) with light clothing and without shoes. Body mass index
(BMI) was calculated as weight in kg divided by height in square
meter. Waist-hip ratio was calculated as measurement of waist in
cm divided by maximum measurement of hip in cm.

After selection of the subjects an appointment was given
and advised to come on the appointed day in fasting condition.
Fasting blood samples from each subject were collected. Fasting
samples were used for glucose and insulin assay by Homeostatic
Model Assessment (HOMA) method (Table 1).

Table 1: Glycemic and Insulinemic status of the study groups before and after met for min treatment.

Control n=40 Treated n=40 p-value
Variables Control Treated Control Vs
Baseline After 3 Months Baseline After 3 Months Baseline Vs Baseline Vs Treated After
After 3 Months | After 3 Months 3 Months
*Fasting
glucose 4.88+0.78 4.79+0.82 4.93+0.84 4.69+0.78 0.627 0.181 0.588
(mmol/1)
Fasting insulin 15.45 11.35 17.3 10.9 0.101 0.001 0.832
(mIU/ml) (5.4-67.0) (5.5-42.3) (5.7-66.3) (3.4-50.0)
Insulin/ 3.11 2.61 3.45 2.52 0.214 0.004 0.954
Glucose (1.02-15.79) (0.87-10.0) (1.04-9.21) (0.79-6.86)

Results are expressed as Mean+SD and Median (Min-Max) where applicable, Mann-Whitney U test was done for the analysis, *= Bonferroni T

test was done for the analysis

For this purpose 5ml blood sample was drawn from the
ante-cubital vein with all aseptic precautions. Blood sample
was allowed to clot and centrifuged for 10 minutes at a rate of
3000 rpm. Serum separated was allequoted and preserved in
the freezer at -70 °C for analysis of fasting insulin and glucose.
At the end of study period i.e. after 3 months again blood was
reflected from all the subjects to evaluate the study parameters.
The fasting plasma glucose concentration was analyzed by the
glucose oxidase method (Randox Laboratories Ltd., UK). Plasma
insulin was assayed by chemiluminescence-based USA technique
(Tiffany, 1999) using automated analyzer (IMMULITE, USA) with
a commercial kit (Diagnostic Products USA).

Insulin secretory capacity (ac assessed by insulin secretion
HOMA 93) and insulin resistance (ac Assessed by insulin
sensitivity HOMA 93) were calculated from fasting blood
glucose (mmol/1) and fasting plasma insulin (pmol/1) values

by homeostasis model assessment (HOMA) using HOMA-CIGMA
software Levy, Mathews and Sawans 1998.
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All the studied PCOS women of control and treated groups
were within the reproductive age (18 - 40 years). Results are
expressed as M+SD years. The mean age of 40 control PCOS
women (24.55+4.36) and 40 treated PCOS women (26.30+5.26)
were matched (Figure 1).

In basal conditions, there was no difference between BMI in
control group (M+SD; 27.14+3.89) & treated group (27.33+£3.52).
During the 3 months pharmacological treatment with metformin

the mean BMI did not change in any group (control 26.97+3.91
vs treated 27.13+3.46, p= 0.848) (although there was a slight
reduction in BMI of both the groups). No significant changes
in the Waist/hip ratio values were observed between the two
groups (0.82+0.0478 basal control vs 0.82+0.0542 control 3
months later and 0.82+0.0465 basal treated vs 0.81+0.0542
treated 3 months later, p=NS). Bar chart showing effect on BMI
and WHR in treatment and control group.

Table 2: Shows insulin sensitivity and 3-cell function between the control and treated groups.

Control, n=40 Treated, n=40 p-value
Variables Control Treated Control Vs
Baseline After 3 Months Baseline After 3 Months Baseline Vs Baseline Vs Treated After
After 3 Months | After 3 Months 3 Months
175.0 (73.5- 161.0 (43.0- 200.8 (70.9- 168.4 (66.8-
0,
Homa % 615.0) 483.7) 407.5) 335.8) 0.507 0.056 1
44.75 (10.7- 60.0 (16.8- 38.85 (10.1- 61.75 (12.09-
0,
Homa S% 119.0) 116.2) 111.7) 199.5) 0.093 0.001 0.814

Fasting glucose and insulin and glucose to insulin ratio
before and at the end of the study period are reported in Table 2.
Atbaseline there were no differences in any parameters between
PCOS controls and PCOS treated group. None of the studied PCOS
women were known to be diabetic. Baseline fasting glucose
(mmol/1) levels of the control and treated groups were 4.88+1.78
and 4.93+0.84 respectively. No significant difference was found
in fasting glucose in either control or treated group during the
treatment (serum glucose mmol/1, control 4.79+0.82 vs treated
4.69+0.78, p=0.588). At baseline, fasting insulin (mIU/ml) levels
was similar in control (15.45(5.4-67)) and treated (17.3(5.7-
66.3)) groups. At the end of the study period fasting insulin of
the control group decreased slightly, although the decrease
was not statistically significant [control before 15.45(5.4- 67.0)
vs control after 11.35(5.5- 42.3)) p=1.101. On the contrary
insulin significantly decreased in the treated group [Treated
before 17.3(5.7-66.3) vs Treated after 10.9(3.4-50)] p=0.001.
No significant change in the insulin to glucose ratio was found
among the control group before and after 3 months 3.11(1.02-
15.79) vs 2.61(0.87 - 10), p=0.214. On the other hand, there was
a significant change in Insulin to glucose ratio in the metformin
treated group after 3 months (Treated before 3.45(1.05-9.21) vs
Treated after 2.52(0.79 - 6.86)), p=0.004.

Insulin secretory capacity (Homa B%) of the control group
at the basal and after 3 months of study period were 175(73.5-
615) and 161(43-483.7) respectively, p=0.507. (-cell secretory
capacity tended to be lower although not significantly, in the
group treated with metformin [Treated group before 200.8(70.9-
407.5) vs Treated 3 months after 168.4(66.8- 335.8) p=0.056).
There were no statistically significant improvements found in
the insulin sensitivity (HomaS%) in the control group during the
study period before 44.75(10.7-119) vs after 60(16.8-116.2), p=
0.093. On the contrary, Metformin had a highly significant effect
in improving Insulin sensitivity in the treated group of PCOS

women [before 38.85(10.1-111.7) vs 3 months after 61.75(12.9-
199.5)], p=0.001 including that insulin resistance is improved in
treated PCOS women with metformin.

Discussion

Failure of the target cells to respond to normal or ordinary
levels of insulin is regarded as insulin resistance (IR) [14]. The
presence of IR, however, leads to a compensatory increased
production of insulin by the pancreatic beta cells to control
the hyperglycaemia which ultimately fails leading to T2DM.
In PCOS, hyperinsulinaemia has been thought to increase
hyperandrogenaemia via a central role [15] or by decreasing
the circulating levels of sex hormone binding globulin. IR is not
considered a diagnostic criterion in PCOS [16]. However, it is
recognized by many as a common feature in PCOS independent
of obesity [17].

An estimated prevalence of IR among PCOS patients of 60-
70% has been reported. However, being overweight or obese
is common among PCOS women, affecting up to 88% of these
women, therefore casting doubt on the role IR plays in the
pathogenesis of PCOS [17]. Further, clinical quantification of IR
is not accurate enough [17] to enable a better understanding of
the role of IR in PCOS pathogenesis or to incorporate it into the
work up programme of PCOS patients. However, it is generally
acceptable that IR plays a significant role in PCOS either directly
or through obesity and represents a clinical concern to physicians
and patients [17].

Metformin was the first insulin sensitising drug (ISD) to
be used in PCOS to investigate the role of insulin resistance in
the pathogenesis of the syndrome [18]. Insulin resistance (IR)
and secondary hyperinsulinemia affect approximately 65-70%
of women with PCOS.19 Many of these women are also obese,
which further exacerbates their IR. Insulin stimulates ovarian
theca cell androgen production and secretion, and suppresses
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the hepatic production of sex hormone-binding globulin. The
increased intraovarian androgens then disrupt folliculogenesis.
Hyperinsulinemia may also directly cause premature follicular
atresia and antral follicle arrest [19]. The resulting anovulation
also leads to unopposed estrogen production and endometrial
proliferation in women with PCOS, leading to an increased risk
of endometrial hyperplasia.

Metformin is currently the most widely used drug worldwide
for the treatment for type 2 DM. Its primary action appears to
be an inhibition of hepatic glucose production and an increase
in peripheral insulin sensitivity. The benefits of metformin
on insulin sensitivity have been demonstrated in non-DM
women with PCOS [20]. The use of metformin is associated
with increased menstrual cyclicity, improved ovulation, and a
reduction in circulating androgen levels [21]. Metabolic benefits
are enhanced in the presence of weight loss, and weight loss
itself may be enhanced in the presence of metformin [22].

Metformin (1,1-dimethylbuguanide hydrochloride)
is a biguanide currently used as an oral antihyperglycemic
agent. Its primary clinical action is to inhibit hepatic glucose
production, although it also decreases intestinal glucose
uptake and increases insulin\sensitivity in peripheral tissues.
Metformin has antilipolytic effects, lowering circulating free
fatty acid concentrations, which ultimately aids in reducing

gluconeogenesis [17].

Metformin works by improving the sensitivity of peripheral
tissues to insulin which results in a reduction of circulating
insulin levels [17]. Metformin inhibits hepatic gluconeogenesis
and it also increases the glucose uptake by peripheral tissues
and reduces fatty acid oxidation [17]. Metformin has a positive
effect on the endothelium and adipose tissue independent of its
action on insulin and glucose levels [17].

Metformin likely plays its role in improving ovulation
induction in women with PCOS through a variety of actions,
including reducing insulin levels and altering the effect of insulin
on ovarian androgen biosynthesis, theca cell proliferation, and
endometrial growth. Also, potentially through a direct effect,
it inhibits ovarian gluconeogenesis and thus reduces ovarian
androgen production [19].

Metformin has useful effectsinreduction of the cardiovascular
risk factors and it is the early available medication against
hyperglycemia which decreases macrovascular complications
in diabetic patients [23]. In our study the control and treatment
group, insulin resistance was evaluated based on the fasting
glucose, fasting insulin and insulin to glucose ratio.

To date, a single, adequate marker of insulin resistance that
would be both highly sensitive and specific is lacking. The gold
standard worldwide is the hyperinsulinemic-euglicemic clamp
technique; however, this method is time-consuming and thus
more applicable to research than to daily clinical practice. 24

Measurement of the fasting insulin concentration (I0) is an easy
marker to obtain, and values equal to 20 or higher indicate the
presence of insulin resistance. Santana et al. [24] favoured the
QUICKI, HOMA-IR, and fasting insulin to fasting glucose ratio as
the most useful indexes in the evaluation of resistance to insulin.
We have used both HOMA and fasting glucose insulin ratio in
this study. In our study the average fasting insulin value was
similar between control and treatment group; in control group
itis 15.45 (5.4-67) and in treatment group 17.30(5.7-66.3). But
there is significant decrease in plasma insulin in treatment group
after treatment with metformin.

It was shown that treatment with 1500 mg of metformin for 8
weeks decreases the level of serum insulin Metformin increases
the sensitivity to insulin that decreases the chance of diabetes
23.0ur results showed that sensitivity to insulin (FBS/insulin
ratio) has increased in the treated group when compared before
and after three month.

In a study designed to control the effect of body weight,
the administration of metformin was without effect on insulin
resistance in extremely overweight women with polycystic
ovaries. In another-well designed study, metformin again had
no effect on insulin resistance when body weights remained
unchanged, and baseline weights and hyperinsulinemia were
only modestly increased [23].

The first observational study on metformin in PCOS reported
weight loss during metformin therapy 18. In their metaanalysis
of all of the earlier small studies, Lord and colleagues reported
that metformin had no significant effect on body weight or
waist:hip ratio [25]. In a RCT designed specifically to investigate
the effect of metformin on body weight, Harborne and colleagues
reported a significant decrease in BMI in obese and morbidly
obese women independent of lifestyle modification [26]. Others
reported no effect of metformin on body weight over and above
that induced by lifestyle modification alone [27]. Tang and co-
workers ) have indicated that there were no significant changes
in insulin sensitivity or lipid profiles after treatment with
metformin. Also, in this study, metformin did not improve weight
loss or menstrual frequency in patients with PCOS [23]. In
contrast to some of the studies that metformin has a good effect
on the reduction of weight and BMI [28,29], our investigation
showed thatthere was no significant difference in weight and BMI
after treatment with metformin. Aruna’s study (2004) indicated
that significant improvement menstrual cyclicity, ovulation and
pregnancy rates were noted after treatment with metformin
[30]. Santana et al. 2004 have shown that there were no changes
in BMI after metformin treatment [31,32]. Our results were the
same as this study.

Conclusion

Hyperinsulinemia and hyperandrogenism increase the
risk of diabetes in PCO patients 1. Women with anovulation,

hyperandrogenism and hyperinsulinemia are more exposed
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to

the risk of diabetes mellitus independent from insulin 1.

Different studies have shown that continuous anovulation made

the patients three times more susceptible to endometrial cancer
23. On the other hand, the risk of breast cancer increases in
patients with chronic anovulation three or four times. Metformin
increases the sensitivity to insulin that decreases the chance of
diabetes [23].

However, treatment with metformin in PCO patients reduce

the insulin resistance there by also reduce the complication
related to hyperinsulinaemia.
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