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ABSTRACT

Objective: To compare the efficacy of metformin montherapy in improvement of the
clinical and biochemical parameters, ovulation and pregnancy rates in obese and non
obese patients with polycystic ovary syndrome.

Materials & Methods : A prospective comparative study in Minia University infertility
clinic comprised of 100 infertile women who were diagnosed as clomiphene citrate re-
sistant polycystic ovary syndrome at the period starting from November 2009 to Au-
gust 2010.. The patients were divided into 2 groups: Group (O); included 50 patients with
BMI >30 kg/m2 and Group( N): included 50 patients with BMI <30 kg/m2. Both groups
received metformin 850 mg tablet twice daily for 12 weeks. The primary outcomes were
the ovulation rate, the degree of menstrual regularity , the change of the patients® clinical
and biochemical profile after three months of metformin treatment; including the changes
in LH/FSH ratio.The secondary outcome was the pregnancy rate.

Results : There was a statistically significant improvement as regards pre-and post-treat-
ment concerning regularity of the cycle (p<0.0001) , acne (p<0.001) and LH: FSH ratio
(p=0.015) and no statistically significant improvement as regard hirustism between both
groups .In addition,there was a statistically significant improvement as regards pre- and
post-treatment conceming regularity of the cycle (p=0.0001 & 0.0002) , acne (p=0,028
& 0.033) and LH:FSH ratio(p=0.038 & 0.495 ) and no statistically significant decrease
as regard hirustism in both groups. However, there were no statistically significant dif-
ferences between the two groups concerning the ovulation and pregnancy rates after
freatment.

Conclusions : Metformin alone may be an effective drug for restoration of menstrual ir-
regularities, LH: FSH ratio, treatment of acne, inducing ovulation and increase pregnancy
rates in clomiphene citrate resistant polycystic ovary syndrome. Non obese patients re-
sponded better but statistically non significant than obese patients. Further randomized
controlled studies on large number of patients are required to compare efficacy of met-
formin in obese and non obese PCOS patients.
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Introduction

Polycystic ovary syndrome is a common reproductive and metabolic disorder in which
patients will benefit for early recognition and treatment. The prevalence of PCOS varies
between 5% and 10% of all women (1). Polycystic ovary syndrome is clinically charac-
terized by chronic anovulation, menstrual irregularities, infertility and obesity in com-
bination with some evidence of androgen excess such as hirsutism, acne and increased
serum androgen concentrations (2).

The current Rotterdam consensus defines PCOS as the presence of at least two out of the
three criteria: chronic anovulation, clinical and/or biochemical signs of hyperandrogen-
ism, and polycystic ovaries (PCO), when other disorders of the pituitary, adrenals, or ova-
ry have been excluded (3). Its clinical manifestations are oligomenorrhea or amenorrhea
paired with infertility, hirsutism, obesity, acne and alopecia. Insulin resistance accompa-
nied by compensatory hyperinsulinemia constitutes another major biochemical feature
of PCOS. .Obesity and insulin resistance however not a constant features of all PCOS
patients; It constitutes an often found criterion in consensus of diagnosis (4).

The fundamental pathophysiologic defect still remains unknown. PCOS appears to be a
heterogeneous disorder in which ovarian, and possibly adrenal androgen excess is present
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along with varying degrees of gonadotropic and metabolic ab-
normalities (5). Additionally insulin resistance, hyperinsulinism,
type II Diabetes Mellitus, endometrial carcinoma, dyslipidemia
and psychosocial dysfunction are presented as other clinical con-
sequences associated with PCOS (6).

Clomiphene citrate (CC) therapy has variable success rates in
anovulatory women; however, it is the lowest in women with
PCOS, particularly those with insulin resistance. Currently there
is increasing evidence that insulin sensitizers are particularly ef-
fective in inducing ovulation in patients with PCOS (7). A magic
bullet therapy for PCOS would result in weight loss, improve in-
sulin resistance, restore normal ovulatory cycles, increase fertil-
ity, decrease hyperandrogenism, decrease the rate of spontaneous
abortions and decrease the risk of GDM. The current front-runner
for this magic bullet is the biguanide (metformin) (8).

Metformin, a biguanide, is the most widely used drug for the treat-
ment of type 2 diabetes worldwide. Its primary action is to inhibit
hepatic glucose production, but it also increases the sensitivity of
peripheral tissues to insulin. The increase in insulin sensitivity,
which contributes to the efficacy of metformin in the treatment
of diabetes, has also been shown in nondiabetic women with the
polycystic ovary syndrome (9). Nevertheless, the mechanisms
underlying the beneficial effects of metformin in the treatment of
PCOS remain incompletely understood. Improvement of IR by
metformine may not only result from the well-known reduction of
hepatic glucose production and increase of peripheral glucose uti-
lization but also from a direct effect on ovarian steroidogenesis,
as demonstrated by in vitro studies (10).

Metformin enhances insulin sensitivity. Furthermore, this com-
pound displays the unique characteristic of promoting weight loss
and reducing appetite. It is a safe and effective drug that is used
for the treatment of PCOS patients (11). Since not all PCOS pa-
tients are obese or insulin resistant, it is not clear whether PCOS
patients without IR and or obesity also benefit from a therapy with
insulin sensitizers.Several smaller studies have suggested posi-
tive effects of metformin irrespective of weight and/or presence
of IR. For example, Goldenberg et al demonstrated an equal im-
provement of menstrual irregularities both in insulin-resistant and
insulin-sensitive PCOS patients (12). Many trials were set up to
test insulin sensitizers (mainly metformin) for ovulation induction
in women with PCOS. These studies have been summarized in
several reviews and meta-analyses (13,14,15) however little evi-
dence was produced on the effect of insulin sensitizers (mainly
metformin) on the nonobese women without insulin resistance.
The aim of this study was to compare the efficacy of metformin
montherapy in improvement of the clinical and biochemical pa-
rameters, ovulation and pregnancy rates in obese and non obese
patients with polycystic ovary syndrome.

Patients & Methods

The present study was preformed in the infertility clinic in Minia
University Hospital. All PCOS patients attending the infertility
clinic with diagnosis as CC resistance had been counseled to par-
ticipate in the study during the period from November 2009 to
Augest 2010.

One hundred tweenty patient counseled to participate in the study,
only 100 patient had completed the follow up and were equally
allocated into two groups: Group (O) (obese patients with BMI
> 30 kg/m2), and Group (N) (non obese patients with BMI<30
kg/m2).

Institutional Review Board (IRB) approval was obtained for the
study and informed consent was taken from all included patients.

Inclusion criteria:

*  Women with subfertilty aged 18 - 40 years of age, diag-
nosed according to Rotterdam Criteria (3) diagnosis when
two of the following criteria were present; oligomenorrhea
or amenorrhea , clinical or biochemical signs of hyperandro-
genism and PCO (at least one ovary with at least 12 follicles
of a diameter of 2-9 mm or a volume >10 ml), and other
pituitary, adrenal, or ovarian diseases were excluded .

*  Resistance to CC which defined as failure to ovulate after at
least 3 consecutive courses of CC in a dosage of 150mg/d
from 2nd — 6th day of the cycle.

Exclusion criteria were patient refusal, presence of other causes
of infertility, medical disease affecting patient fertility, drug hy-
persensitivity, other infertility medications for at least 3 months
and patient non compliance for more than 7 days of freatment.
All participant patients were subjected to history talking, general
examination ,day 3 vaginal ultrasonography and day 3 hormonal
assay (serum FSH, LH, and prolactin). These hormones were as-
sessed by ELISA technique using quomum diagnostic kits. Fast-
ing serum glucose level by one touch method was measuerd.

Both groups received metformin 850 mg tablets twice daily for
12 weeks. Data were collected during the follow up visits with
the same physician after 4, 8, 12 weeks respectively. The primary
outcomes were; first the ovulation rate, second was the degree of
menstrual regularity (28+7).Third was the change of the patients*
clinical and biochemical profile before and after inclusion in the
study, and after the three months metformin treatment; includ-
ing the changes in LH/FSH ratio.The secondary outcome was the
pregnancy rate. Timed intercourse was encouraged at the expect-
ed time of ovulation. The couples were advised to have sexual
intercourse every other day. They were asked to contact the infer-
tility clinic as soon as they have missed period (1 week).

Statistical analysis

SPSS for windows; standard version 10.0.7(SPSS Co., Chicago,
IL, USA) was used for the statistical analysis. The results were
reported as mean + SD. The groups were compared by using un-
paired t-test and the results obtained before and after metformin
therapy were compared by using paired t-test. A P-value < 0.05
was regarded as statistically significant.

Results

One hundred CC resistant PCOS patient were equally allocated
into two groups; Group (O) (obese patients with BMI > 30 kg/
m2), and Group (N) (non obese patients with BMI<30 kg/m2).
Both groups received metformin 850 mg tablets twice daily for
12 weeks.

The demographic parameters of the patients before starting of
treatment were shown in table (1). There was a statistically sig-
nificant improvement as regards pre-and post-treatment concem-
ing regularity of the cycle (p<0.0001) , acne (p<0.001) and LH:
FSH ratio (p= 0.015) and no statistically significant improvement
as regard hirustism(p = 0.88) between both groups as shown in
table (2).

There was a statistically significant improvement as regards pre-
and post-treatment concerning regularity of the cycle (p=0.0001

o
o
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& 0.0002) , acne (p=0,028 & 0.033) and LH:FSH ratio(p=0.038
& 0.495) and no statistically significant decrease as regard hirus-
tism( p= 0.99 & 0.98 ) in both groups as shown in tables (3&4).

Table (3): Comparison between the gynecological characteristics
before and after treatment among the nonobese group.

However, there were no statistically significant differences be-
tween the two groups concerning the ovulation (p=0.425) and Nonobese group
pregnancy rates (p=0.75) after treatment as shown in table (5). Gynecological oo = o "
characteristics Before After
Table (1): The demographic parameters of the patients before treatment | treatment
starting of treatment. Menstrual cycle Regular:
No (%) 20 (40%) 38 (76%) 0.0001*
Patients group Trregular: No (%) 30 (60%) 12 (24%)
General characteristics o
No =100
Acne
Age in years Present: No (%) 20 (40%) 9(18 %) 0,028*
Range (Min-Max): 18-37 Absent: No (%) 30(60%) 41(82%)
Mean = SD: 24.744.3
- - . Hirsutism
Duration of infertility in years Present: No (%) 14(28%) 13(26%) 0.99
Range (Min-Max): 2-15 Absent: No (%) 36(72%) 37(72%)
Mean £ SD 3.142
Type of infertility LH/ FSH ratio 0.038*
Primary: No (%) 70 (70%) 1: No (%) 37(74%) 26(52%)
Secondary: No (%) 30 (30%) 2:No (%) 13(26%) 24(48%)
Weight in Kg
Range (Min-Max): 58-100 1: LH/FSH ratio >2 2: LH/FSH ratio <2
Mean = SD: 84,5264
Height in Cm Table (3) shows the difference between pre- and post-treatment
Range (Min-Max): 152-169 among nonobese group .There was a statistically significant im-
Mean + SD: 161.3+4.1 provement as regards pre- and post-treatinent concerning regu-
Body mass index Kg/m? !qrﬂ;_,’ of the cycle, acne and Lf[‘FS_H ratio and no statistically
Range (Min-Max): 22-35 significant decrease as regard hirustism.
Mean = SD: 31.243
Random blood glucose level (mg/dl)
Range (Min-Max): 74-120
Mean = SD: 85x14.3

Table (2): Comparison between patient groups as regarding
the gynecological characteristics before and after treatment.

Table (4): Comparison between the gynecological characteristics
before and after freatment among the obese group.

Patients group
Gynecological g = B0 %
characteristics Before treatment A fter treatment
Menstrual cycle
Regular: No (%) 37 (37%) 72 (72%) <0.0001*
Irregular: No (%) 63(63%) 28 (28%) ’
Acne
Present: No (%) 42 (42%) 20 (20%) | .0 001%
Absent: No (%) 58 (58%) 80 (80%) :
Hirustism "
Present: No (%) 7?(?((;(?;?)} 28(28%)
Absent: No (%) 72(72%) 0.88
LH/FSH ratio
1: No (%) 77(77%) 60 (60%%) 0.015%
2: No (%) 23(23%) 40 (40%) e

Nonobese group
Gynecological No =50
characteristics Before After p
treatment treatment

Menstrual cycle
Regular: No(%0) 17 (34%) 34 (68%) 0.0002%*
Trregular: No (%) 33 (66%) 16 (32%)
Acne
Present: No (%) 22 (44%) 11 (22%) 0.033%*
Absent: No (%) 28 (56% 39 (78%)
Hirsutism
Present: No (%) 16(32%) 15(30%) 0.98
Absent: No (%) 34(68%) 35(70%)
LH/ FSH ratio 40(80%) 30(60%) 0.495%*
1: No (%) 10(20%) 20(40%)
2:No (%)

1: LH/FSH ratio >2 2: LH/FSH ratio <2

Table (2) shows the difference between pre- and post-treatment.
There was a statistically significant improvement as regards pre-
and post-treatmment concerning regularity of the cvcle, acne and
LH: FSH ratio and no statistically significant improvement as re-
gard hirustism.

1: LH/FSH ratio =2 2: LH/FSH ratio <2

Table (4) shows the difference between pre- and post-treatment
among obese group. There was a statistically significant improve-
ment as regards pre- and post-treatment concerning regularity of
the cycle, acne and LH:FSH ratio and no statistically significant
decrease as regard hiruistism .
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Table (5): Comparison between obese and non-obese groups
as regarding ovulation and pregnancy rates after treatment.

Ovulation& pregnancy Obese Non-obese P
Ovulation 20 (40%) 24(48%) 0425
Non-ovulation

30(60%) 26(52%)
Pregnancy 4)8%) 6)12%) 0.75
Non-pregnancy

46(92%) 44(88%)

Table (5) shows that there were no statistically significant differ-
ences between the two groups concerning the ovulation and Preg-
navcy rates dfter treatment.

Discussion

Since the role of IR in the pathogenesis of PCOS has been estab-
lished, many interventional studies have demonstrated a positive
effect of insulin-sensitizing agents in the treatment of PCOS. For
example, Hahn et al (16) pointed out a positive effect of metform-
in on hyperandrogenism, chronic anovulation and IR . In accord-
ance with these studies, our results showed that PCOS patients
benefit from metformin treatment with regard to hyperandrogen-
ism, menstrual disturbances ,ovulation and pregnancy rate.

In this study, both groups of obese and nonobese PCOS patients
clearly showed statistically significant improvements as regard-
ing to acne, menstrual irregularities and LH:FSH ratio and sta-
tistically non significant improvements as regarding to hirsutism
and improvement in ovulation and pregnancy rates. Non obese
group responded better but statistically non significant than obese
group as regarding to acne, menstrual irregularities, LH: FSH ra-
tio, ovulation and pregnancy rates.

In agreement with our study Costello et al., (17) demonstrated the
same findings in a double-blind, placebo-controlled study that
performed on twenty-three Caucasian women with PCOS, aged
between 18-35 yr , with normal glucose tolerance. Women were
randomly assigned to double-blind oral metformin or placebo for
6 months. The dose of metformin was increased stepwise, from
500 mg once daily for the first week to 500 mg twice daily for the
next week and to 500 mg tid for a further 24 weeks. They con-
cluded that metformin was effective in many women with PCOS,
independently of changes in body weight, in attenuating insulin
resistance and hyperandrogenemia and in reversing menstrual ab-
normalities and chronic anovulation.

These findings were in agreement with our study and several pre-
vious studies, For example, Nestler et al., (18) demonstrated in a
study included one hundred women who received 850 metformin
twice daily that insulin-sensitizing drugs increase ovulation rate
and ameliorate hyperandrogenemia, even in nonobese women
with PCOS. In addition, Hahn et al., (16) in agreement with our
study have demonstrated a positive effect of insulin-sensitizing
agents in the treatment of PCOS and pointed out a positive effect
of metformin on hyperandrogenism, chronic anovulation, and IR.
Michael (19) demonstrated that hyperandrogenemia was reduced
by metformin treatment (500 mg three times daily) for 6 months.
In addition, non obese PCOS patients benefited better than obese
PCOS.

Palomba et al., (20) reported a significant improvement of preg-
nancy and ovulation rate in comparison with clomiphene and
ovarian drilling. Accumulating evidence has shown that the ra-
tionale for metformin use makes sense as 2 meta-analyses of ran-
domized controlled trials (RCTs) have shown that the use of met-
formin alone improves ovulation and pregnancy rates in women
with PCOS.

Michael et al., (21) compared metformin cloridrate (850 mg
twice daily) plus placebo (group A) versus placebo plus CC (150
mg for 5 d from the third day of a progesterone withdrawal bleed-
ing) (group B).The study included one hundred nonobese anovu-
latory women with PCOS who received treatment for 6 months.
The main outcome measures were ovulation, pregnancy, abortion
and live-birth rates. The cumulative pregnancy rate was signifi-
cantly higher in group A than group B. They concluded that six-
month metformin administration was significantly more effective
than six-cycle CC treatment in improving fertility in anovulatory
nonobese PCOS women.

Kumari et al., ( 22 ) demonstrated in a study included 17 lean
and 17 obese PCOS patients treated with 1500 mg metformin
daily that ovulation and pregnancy rates were higher in the lean
PCOS group. These studies were in agreement with our study
data, showing a positive effect of metformin therapy on endo-
crine and metabolic variables even in lean and insulin-sensitive
women. Also in agreement with our study, a study was done by
Michael (19) to determine the clinical, hormonal, and biochemi-
cal effects of metformin therapy in obese and nonobese patients
with PCOS. Twenty-nine patients with PCOS were treated with
500 mg metformin t.i.d. for 6 months. This study suggested that
non obese patients responded better than obese patients toa 1.5 g/
day metformin regimen.

In accordance with our study the effect of 6 months of metformin
treatment was prospectively assessed by Tan et al., (23) in 188
PCOS patients, divided into three groups according to body mass
index (BMI; lean: BMI<25 kg/m2, overweight: BMI 25-29 kg/
m2, and obese: BMI=30 kg/m?2). PCOS patients were evaluated
at baseline and following treatment with metformin in a weight-
adapted dose for 6 months (body weight <60 kg: 500 mg met-
formin twice a day (BID), 60-100 kg: 850 mg BID, and 100
kg or BMI=30 kg/m2: 1000 mg BID). This study suggested that
metformin improves parameters of IR, hyperandrogenemia, ano-
vulation, and acne in PCOS irrespective of pre-treatment IR or
obesity.

On the other hand, other studies that assessed metformin effects
in hyperandrogenic subjects did not confirm these findings .The
reasons for the striking discrepancies among these studies were
not readily explained. Interestingly, where insulin levels were re-
duced by treatment, serum androgens were lowered as well (24).
In this regard, Crave et al., (25) did not observe any additional
benefit of metformin over the effects of diet alone as regarding
clinical and biochemical feature of PCOS, in a double-blind study
comparing the effects of a 4-month low calorie diet vs. diet plus
metformin in obese hirsute women. Unfortunately, this study
was not specifically designed to recruit women with PCOS and
actually the large majority of patients had regular menses. This
weakened any conclusion, as hyperinsulinemia likely plays a ma-
jor role in the pathogenesis of hyperandrogenism only in PCOS
subjects

Furthermore, Tan et al., (23) in a randomized, controlled, double-
blinded study recruited 56 women aged 18—45 with PCOS. They
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were treated with either metformin 850 mg or placebo twice daily
for 6 months. The conclusion of this study was, in obese PCOS
women, metformin treatment for 6 months lowers body weight,
biochemical parameters, while there seems to be little effect on
these parameters in non-obese PCOS women.However these find-
ings must be interpreted with caution because of the small num-
ber of non-obese patients. It must also be taken into account that
obese and non-obese women differed at baseline.

In conclusion, metformin alone is an effective drug for restora-
tion of menstrual irregularities, LH: FSH ratio, tfreatment of acne,
inducing ovulation and increase pregnancy rates in clomiphene
citrate -resistant polycystic ovary syndrome. However metformin
had a very little effect in treatment of hirsutism in obese and non
obese patients with polycystic ovary syndrome.

Non obese patients responded better but statistically non signifi-
cant than obese patients. Further randomized controlled studies
on large number of patients are required to compare efficacy of
metformin in obese and non obese PCOS patients.

References

1. Asuncion M, Calvo RM, San Millan JL, Sancho J, Avila

S. Escobar-Morreale HF. A prospective study of the preva-

lence of the polycystic ovary syndrome in unselected Cau-

casian women from Spain. J Clin Endocrinol Metab 2008;

85:2434-2438.

Iwasa T, Matsuzaki T, Murakami M, ShimizuF, Kuwahara

A, Yasui T, Irahara M. Reproducibility of luteinizing hor-

mone hypersecretion in different phases of the menstrual cy-

cle in polycystic ovary syndrome. J. Obstet. Gynaecol. Res

2009; 35: 514-519.

3. ESHRE/ASRM Revised (2003) : Diagnostic criteria and
long-term health risks related to polycystic ovary syndrome
(PCOS). Human Reproduction 2004; 19: 41— 47.

4. Tan WC, Yap C, Tan AS. Clinical management of PCOS.
Acta Obstet Gynecol Scand. 2007; 80(8):689-96.

5. Legro RS. Polycystic ovary syndrome and cardiovascular
disease: a premature association? Endocr Rev 2003; 24:
302-312.

6. Azziz R., Sanchez L.A., Knochenhauer E.S. Androgen ex-
cess in women: experience with over 1000 consecutive pa-
tients. J Clin Endocrinol Metab 2004; 89:453.

7. Rizk A, Bedaiwy M, Al-lnany H. N-acetyl-cysteine is a
novel adjuvant to clomiphene citrate in clomiphene citrate—
resistant patients with polycystic ovary syndrome. Fertil
Steril 2005; 83: 367-70.

8. Zisser HC. Polycystic ovary syndrome and pregnancy: Is met-
formin the magic bullet? Diabetes Spectr 2007, 20: 85-89.

9. Nestler J. Metformin for the treatment of the Polycystic Ova-
ry Syndrome. N Engl T Med 2008; 358:47-54.

10. Tosca L, Solnais P, Ferre P, Foufelle F , Dupont J. Metformin
induced stimulation of adenosine 5° monophosphate-activated
protein kinase (PRKA) impairs progesterone secretion in rat
granulosa cells. Biology of Reproduction 2006 ;75: 342-351.

!\)

11.

12.

13.

14.

15.

16.

17.

18.

19.

Klein J, Westphal S, Kraus D. Metformin inhibits leptin
secrefion via a mitogen-activated protein kinase signalling
pathway in brown adipocytes. Journal of Endocrinology
2004; 183:299-307.

Goldenberg N, Glueck CJ, Loftspring M, Sherman A , Wang
P. Metformin-diet benefits in women with polycystic ovary
syndrome in the bottom and top quintiles for insulin resist-
ance. Metabolism 2005; 54 :113—121.

De Leo V, Lamarca A , Petraglia F. Insulin-lowering agents
in the management of polycystic ovary syndrome . Endo-
crine Reviews 2003; 24, 5: 633-667.

Lord JM, Flight IHK , Norman RJ. Insulin-sensitising
drugs (metformin, troglitazone, rosiglitazone, pioglita-
zone, D-chiro-inositol) for polycystic ovary syndrome. The
Cochrane Database of Systematic Reviews 2003 ; 2 DOIL:
10.1002/14651858. CD003053.

Norman RJ., Noakes M., Wu R. Improving reproductive per-
formance in overweight/obese women with effective weight
management. Hum Reprod Update 2004; 10:267-80.

Hahn S, Quadbeck B, Elsenbruch S. Metformin, an effica-
cious drug in the treatment of polycystic ovary syndrome.
Dtsch Med Wochenschr 2004; 129: 1059—-1064.

Costello MF and Eden JA. A systematic review of the repro-
ductive system effects of metformin in patients with poly-
cystic ovary syndrome. Fertil Steril 2003 ; 79:1-13.

Nestler JE, Stovall D, Akhter N, Tuorno MJ, Jakubowicz MJ.
Strategies for the use of insulin-sensitizing drugs to treat in-
fertility in women with polycystic ovary syndrome. Fertil
Steril 2002; 77:209-215.

Michael FC. Polycystic ovary syndrome a management up-
date. Reprinted from Australian Family Physician 20035; 34;
127-133.

Palomba S, Orio F Jr, Falbo A. Prospective parallel ran-
domized, double-blind, double-dummy controlled clinical
trial comparing clomiphene citrate and metformin as the
first-line treatment for ovulation induction in nonobese ano-
vulatory women with polycystic ovary syndrome. J Clin En-
docrinol Metab. 2005;90:4068.

. Michael T and Sheehan MD. Polycystic ovarian syndrome:

Diagnosis and Management. Clin Med Res 2004 : 2: 114-
125,

. kumari J, Westphal S, Kraus D. Metformin inhibits leptin

secretion via a mitogen-activated protein kinase signalling
pathway in brown adipocytes. Journal of Endocrinology
2004; 183:299-307 .

Tan WC, Yap C, Tan AS. Clinical management of PCOS.
Acta Obstet Gynecol Scand 2007. Aug; 80(8):689-96.
Ehrmann DA. Medical progress: Polycystic ovary syndrome.
N Engl ] Med 2005; 352:1223-1236.

Crave JC, Fimbel S, Lejeune H, Cugnardey N, Dechaud
H, Pugeat M. Effects of diet and metformin administration
on sex hormone-binding globulin, androgens, and nsu-
lin in hirsute and obese women. J Clin Endocrinol Metab
2003:80:2057-2062.

Egypt.J.Fertil.Steril. Volumel6 - number 2 June 2012

Q]
[wid



