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CLINICAL STUDY

androgen production in women with anovulary cycles

Dravecka I, Lazurova I, Kraus V
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Abstract

Aim of this study was to test the hypothesis that obesity promotes the insulin-sensitivity and ovarian
hyperandrogenism in anovulating women independently of the polycystic ovary syndrome (PCOS).
We examined 80 women of reproductive age (19—38 years, mean 28.5+0.6 years) with anovulary cycles.
45 subjects had PCOS and 35 had chronic anovulation without hormonal and ultrasound criteria of
PCOS. The control group consisted of 12 healthy females with normal ovulary menstrual cycle (age
26.4+0.6 years). We evaluated plasma insulin level baselines (I)); 120 min after oral administration of
75¢g of glucose (I,,), we examined FSH, LH, prolactin, testosterone, 17 OH progesterone and DHEAS
and calculated indexes of insulin sensitivity, i.e. FIRI and G/I.

Women with anovulary cycles yielded a significant increase in I (p<0.01), I , (p<0.01), FIRI (p<0.01),
FSH, LH (both p<0.05) and testosterone (p<0.01), and a significantly decrease in G/I (p<0.01) in com-
parison to controls with normal weight. There was a significant correlation between BMI and insulin
levels, BMI and FIRI, and between WHR or waist circumference and FIRI, or G/I. The highest levels
of insulinemia and the highest degree of insulin resistance were found in obese women (BMI>30 kg/m?).
In the group of obese anovulating women we found a positive correlation between I and testosterone
(p<0.01). In PCOS group, we found a negative correlation between I and LH (p<0.01), and FIRI and
LH (p<0.01). In the group of obese PCOS women there were significantly higher levels of plasma in-
sulin, and lower insulin sensitivity as compared to lean PCOS patients. However, lean PCOS women
were more hyperinsulinemic and insulin resistant than the control group of lean women.

Our results indicate, that obesity is the important factor determinating the insulin sensitivity and
hyperinsulinemia in PCOS women. Moreover, the body weight is the major determinant of insulinemia,
insulin sensitivity and ovarian hyperandrogenism, independently of PCOS. (7ab. 5, Fig. 4, Ref. 23.)

Obesity is the major factor determining an insulin sensitivity and
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The polycystic ovary syndrome (PCOS) and/or obesity are
the most common causes of chronic anovulation and menstrual
cycle abnormalities. PCOS affects approximately 6 % of women
of the reproductive age, and is characterized by chronic anovu-
lation and hyperandrogenism (1, 2). Hyperinsulinemia and/or
insulin resistance is a frequent feature of PCOS, and the evi-
dence suggests that it plays a pathogenic role in the develop-
ment of hyperandrogenism promoting an increase in ovarian
androgen production (3).

Obesity has long been recognized as one of the features of
PCOS and approximately 33—60 % of PCOS women are obese
(4, 5). In addition, overweight and obesity are frequently associ-
ated with anovulary cycles and/or amenorrhoea independently
of PCOS (6). Obesity appears to increase the circulating andro-

gens production by suppressing the secretion of serum SHBG
and gonadotropins. Moreover, its association with hyperinsu-
linemia and decreased insulin sensitivity has been well estab-
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lished in the past 20 years. Thus, the asssessment of relative con-
tributions of obesity and PCOS to neuroendocrine-metabolic
aberrations and their impact on ovarian hyperandrogenism and
chronic anovulation are pivotal in the understanding of this com-
plex syndrome.

Several studies have reported hyperandrogenemia and hyper-
insulinemia with relatively normal LH in obese women with
PCOS, whereas higher LH levels with normal insulinemia are
more likely in lean PCOS women (7).

Some authors demostrated that obesity, rather than menstrual
cycle pattern determinates insulinemia, lipid profile and blood
pressure in aging women with PCOS (8).

However the results in PCOS females in reproductive age
are different. According to some authors hyperinsulinemia is
a prominent feature of the syndrome which is not solely related
to obesity (9), while others demonstrated that obesity is an im-
portant factor which has a pathogenetic role in the development
of PCOS and hyperinsulinemia leading to hyperandrogenism and
anovulation (4, 10).

The aim of this study was to test one of these hypotheses that
obesity promotes the insulin resistance development resulting in
ovarian hyperandrogenism independently of PCOS, and to es-
tablish the most important factor in the development of insulin
resistance in chronically anovulating women.

Material and methods

We examined 80 women at the reproductive age (19-38
years, mean 28.5+0.6 years). All of them suffered from anovu-
lary cycles — oligomenorrhoea, amenorrhoea or anovulary ste-
rility. All endocrinopathies potentially causing anovulation
(hyperprolactinemia, thyroid diseases, adrenal steroid enzymo-
paties and ovarian failure) were ruled out by carefull endocri-
nological evaluation.

45 women had PCOS according to hormonal and/or ultra-
sound criteria. Other 35 patients had anovulary cycles without
clinical, endocrinological and ultrasound signs of PCOS. 60 %
of PCOS subjects were hirsute, none had acanthosis nigricans.

Endocrinological features of PCOS included the increased
LH levels, normal FSH, LH:FSH ratio >2, and increased testo-
sterone concentration.

Vaginal ultrasonography was performed in all subjects, and
PCO was diagnosed in cases with enlarged ovaries with a thick-
ened stroma or with more than 10 cysts of 2—8 mm in dia-
meter.

The control group consisted of 12 healthy females with nor-
mal menstrual cycle (age 26.4+0.6 years). Each woman had regu-
lar menstrual cycle, and normal ovaries according to ultrasono-
graphic examinations. All of them were lean and had normal
progesterone levels indicating the ovulary cycle.

According to BMI, all subjects were divided into three groups:
lean (BMI<25 kg/m?), overweight (BMI 25—-30 kg/m?) and obese
(BMI>30 kg/m?).

Characteristics of the study group depending on BMI are
demonstrated in Figure 1.

BMI >30"C" BMI <25"A"
n=28 n=21
35% 26%

BMI 25-30"B"

n=31
39%

Fig. 1. Distribution of the group of anovulating women (n=80) ac-
cording to body weight.

Methods

Women were studied in the morning after an overnight fast-
ing. The hormonal evaluation was performed in the follicular
phase of the anovulary cycle. Venous blood was collected for
measurement of plasma estradiol, FSH, LH, testosterone, glu-
cose and insulin levels.

We performed the standard oral glucose tolerance test i.e.
blood samples for evaluation of glucose and plasma insulin were
collected 2 hours after oral administration of 75 g of glucose.

Indexes of insulin sensitivity such as FIRI (fasting index of
insulin resistance) and G/I (glucose:fasting insulin ratio) were
calculated in all women.

FIRI was calculated as plasma glucose x plasma insulin/25
and G/I as fasting glucose/fasting insulin.

Insuline resistance was confirmed when the value of FIRI
was higher than 1.0, and G/I was lower than 0.25.

Hormones, such as estradiol, FSH, LH, testosterone, proges-
terone and prolactin were investigated by routine methods
(immunoanalysis), and plasma insulin was evaluated by immu-
noassay kits.

Statistics

The data are presented as mean+SEM. A statistical analysis
was performed using linear regression analysis to assess the cor-
relation between variables, Student’s unpaired test and the analy-
sis of variance (ANOVA) to compare the differences between
groups.

Results

The values of measured parameters of body weight and fat
distribution together with serum hormones are presented in Table 1.

There were significant differences in BMI, WHR and waist
circumference in the studied group compared to normal women.

The women with anovulary cycles yielded a significant in-
crease in plasma insulin levels (I, I,,)) when compared to the
control group. Moreover, the levels of FSH, LH and testosterone
were significantly higher in the group of patients compared to
normal subjects. The group of anovulating women had a higher
degree of insulin resistance (FIRI and G/I). There were no sig-
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Tab. 1. Mean values of evaluated parameters in lean control group (n=12) and group of patients with anovulary cycles (n=80).

Measured parameters Controls Anovulating pts Statistical
n=12 n=80 significance

Age (years) 26.4 £ 5.0 28.5+ 0.6 NS
BMI (kg/m?) 20.5 + 2.6 28.8+ 0.7 p<0.01
WHR 0.7 £ 0.04 0.79 + 0.01 p<0.05
Waist circumference (cm) 68 + 4.4 88.8+£ 2.7 p<0.01
I, (uIU/ml) 55+ 2.8 11.1£0.7 p<0.01
I, (uIU/ml) 17.4 = 13 51.8+5.6 p<0.01
FSH (U/) 33+ 1.2 5.0£0.4 p<0.05
LH (U/) 6.1 £22 10.1+£ 0.7 p<0.05
Testosterone (ngl/ml) 0.44 £ 0.12 1.6+ 0.3 p<0.01
PRL (ng/ml) 9.6 £ 1.3 146+ 2.8 NS
DHEAS (pg/dl) 198 + 23 256+ 17 NS

17 OHP (nmol/l) 1.3+£0.2 2.05+0.2 NS
FIRI 0.8 £ 0.3 2.1+£0.16 p<0.01
G/l 1.08 = 0.46 0.65 + 0.05 p<0.01

BMI — body mass index, WHR — waist to hip ratio, [ — basal insulin, I, , — stimulated insulin (post 75 g glucose load), DHEAS — dehydroepiandrosterone - sulphate,
17 OHP — 17-hydroxprogesterone, FIRI — fasting index of insulin resistance, G/I — serum glucose during fasting to serum insulin during fasting ratio

nificant differences in levels of prolactin, dehydroepiandrosterone
sulphate (DHEAS) and 17 hydroxyprogesterone (17 OHP) be-
tween the two studied groups.
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Fig. 2. Correlation between 10 and BMI in anovulating women
(n=80).
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Fig. 3. Correlation between 1120 and BMI in anovulating women
(n=80).

There was a significant correlation between I and BMI (Fig. 2),
I,,,and BMI (Fig. 3), but no correlation between LH or test-
osterone and BMI in the group of patients. Moreover, we found
a positive correlation between BMI and FIRI (r=0.466, p<0.01),
and WHR and FIRI (r=0.425, p<0.05). Both indexes of insulin
sensitivity, i.e. FIRI (r=0.502, p<0.01) and G/I (r=-0.509,
p<0.01) were in significant correlation with waist circumference.

The mean values of measured parameters in the studied group
are presented according to BMI in Table 2.

A significant increase in insulinemia and insulin resistance
were found in correlation with the body weight i.e. obese women
had highest levels of I and I , and highest degree of insulin re-
sistance. The highest values of LH and testosterone were ob-
served in patients with normal weight, however the differences
between the three groups were not significant.

There was a positive correlation between insulinemia and
testosterone (r=0.67, p<0.01) in obese women (BMI>30 kg/m?).

The mean values of measured parameters in women with and
without PCO are demonstrated in Table 3.

BMI was mildly but significantly increased in the group with-
out PCOS. However, we were not able to demonstrate the differ-
ences in [ and I ,, and insulin sensitivity between non PCOS
and PCOS groups. We only found a significantly increased LH
and testosterone levels in PCOS women.

There was a positive correlation between BMI and insu-
linemia (I and I, ), negative correlation between insulinemia
and LH (r=-0.429, p<0.01) in PCOS group. Moreover, LH was
in negative correlation with FIRI (r=-0.467, p<0.01) (Fig. 4)
and FSH with a mild but statistically significant correlation with
FIRI (r=-0.322, p<0.05).

The Table 4 demonstrates the values of measured parameters
in PCOS group with normal weight (BMI<27) and PCOS group
overweight and obesity (BMI>27).

There was found a significant difference in basal and stimu-
lated insulin levels i.e. insulin values, as well as FIRI and G/I
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Tab.2. Mean values of evaluated parameters in three groups of anovulating women according to body weight.

BMI <25 25-30 >30 Statistical
kg/m? n=21 n=31 n=28 sigficance
BMI (kg/m?) 20.9+0.5 27.9+£0.3 34.9 £0.81 p<0.01
WHR 0.75 £ 0.02 0.81£0.02 0.82 £0.02 p<0.01
Waist (cm) 67.8+2.6 92429 98.8 £2.9 p<0.01
I, (uIU/ml) 6.1+0.8 12.0+1.4 143 +£1.3 p<0.01
I, (uIU/ml) 18.6 £2.2 55+£10.6 69.9 £9.1 p<0.01
FSH (U/) 5.1+£0.8 6.1+£1.0 43+04 NS
LH (U/) 124+1.2 94+1.1 9.1 +1.4 NS
Testosterone (ngl/ml) 25+1.1 1.2+0.2 1.4+0.3 NS
PRL (ng/ml) 19.3+6.6 12.6+3.7 14.1 £5.7 NS
DHEAS (ng/dl) 241.5+43 274.9+26 221.8 +18.9 NS
17 OHP (nmol/l) 1.7+0.5 1.9+0.4 2.1 +0.7 NS
FIRI 1.4+0.2 2.2+0.3 2.8 +£0.3 p<0.01
G/ 0.99 +£0.1 0.6+£0.06 0.49 £0.08 p<0.01

Tab. 3. Mean values of evaluated parameters in group of anovulating women without PCOS (nPCOS, n=35) and group with PCOS (n=45).

Measured parameters nPCOS PCOS Statistical
n=35 n=45 significance

Age (years) 29.1+1 28.1+ 0.7 NS
BMI (kg/m?) 30.1+ 1.1 27.3+0.9 p<0.5
WHR 0.8+ 0.01 0.78 = 0.02 NS
Waist (cm) 88.8+ 3.6 88.8+ 3.9 NS

I, (uIU/ml) 11.3£1.4 10.9+ 0.9 NS

I,,, (uIU/ml) 46.2+ 7.4 559+ 8.2 NS
FSH (U/) 5.8+ 1.1 4.7+ 0.4 NS
LH (U/) 7.8+ 1.2 11.2+0.9 p<0.05
Testosterone (ngl/ml) 1.1+0.2 1.8+ 0.4 p<0.05
PRL (ng/ml) 15.1+5.3 144+ 34 NS
DHEAS (ng/dl) 258+ 15.5 255+ 25 NS

17 OHP (nmol/l) 1.8+ 0.5 22+04 NS
FIRI 2.1£0.3 22+£0.2 NS
G/ 0.75+ 0.1 0.59 + 0.06 NS

were significantly lower in lean PCOS than in obese PCOS
women. Obese PCOS women had a higher degree of insulin re-
sistance than the lean group of PCOS females.

FIRI
w

LH (U1

Fig. 4. Correlation between LH and FIRI in group of women with
PCOS (n=45).

There were significantly lower insulin levels in healthy lean
women and a significantly decreased insulin sensitivity in nor-
mal weight PCOS subjects (Tab. 5).

Discussion

In this study we looked for the differences between PCOS
and non PCOS anovulating women and for the participation of
body weight in insulin resistance and hyperandrogenemia in
women with chronic anovulation.

In the group of 80 anovulating women we found a significant
increase in BMI indicating a higher prevalence of overweight, and
obesity in subjects with anovulary cycles. Only 26 % of women
had normal weight. It is in agreement with previous studies dem-
onstrating a 4-fold more frequent prevalence of obesity in females
with menstrual cycle disturbances. In addition, amenorrhoic women
have been found to have obesity in approximately 45 % (11, 12).
On the contrary, menstrual irregularities were reported 3.1-fold
more frequently in obese than in lean women (6).
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Tab. 4. Mean values of measured parameters in lean PCOS group with BMI<27 kg/m? (n=21) and PCOS group with BMI>27 kg/m? (n=24).

Measured parameters BMI<27kg/m? BMI>27kg/m? Statistical
n=21 n=24 significance

Age (years) 26.9+0.9 28.4+£0.9 NS

BMI (kg/m?) 22.3+£0.7 31.8£0.7 p<0.01
WHR 0.75 +0.02 0.83 +0.02 p<0.05
Waist (cm) 74.9+3.9 101.3+3.3 p<0.01
I, (uIU/ml) 7.9+ 1.1 133+1.3 p<0.01
I, (uIU/ml) 219+3.4 83.9+12 p<0.01
FSH (U/) 4.9+0.7 44+04 NS

LH (U/) 124+ 1.1 10.3+1.2 NS
Testosterone (ngl/ml) 22+£0.9 1.3+£0.2 NS

PRL (ng/ml) 17.9+5.6 11.0£3.6 p<0.05
DHEAS (pg/dl) 241.5+43 262 + 32 NS

17 OHP (nmol/l) 1.7+£0.5 2.6+0.7 NS

FIRI 1.9+£0.3 24+0.2 p<0.01
G/l 0.87+0.12 0.43 +0.05 p<0.01

Tab. 5. Mean values of measured parameters in lean controls (n=12) and PCOS women with normal weight (n=21).

Measured parameters Control group BMI<27kg/m? Statistical
n=12 n=21 significance
Age (years) 264+ 5.0 269+ 0.9 NS
BMI (kg/m?) 20.5+ 2.6 223+ 0.7 NS
WHR 0.7+ 0.04 0.75 £ 0.02 NS
Waist (cm) 68+ 4.4 749+ 3.9 p<0.01
I, (uIU/ml) 5.5+28 79+ 1.1 p<0.01
I,,,(uIU/ml) 17.4 + 13 219+ 34 p<0.01
FSH (U/) 33+1.2 49+ 0.7 NS
LH (U/) 6.1+22 124+ 1.1 p<0.05
Testosterone (ngl/ml) 0.44+ 0.12 22+ 0.9 p<0.01
FIRI 0.8+0.3 1.9+ 0.3 p<0.01
G/l 1.08 £ 0.46 0.87 £ 0.12 p<0.01

None of our patients had diabetes mellitus, 8 i.e. 10 % had
impaired glucose tolerance. In previous studies, 10-20 % of
obese subjects with PCOS have been found to have diabetes
mellitus (13, 14) and 35 % of obese subjects with PCOS have
been shown to have impaired glucose tolerance (14). Recently it
has been demonstrated that 82 % of premenopausal women with
type 2 diabetes have polycystic ovaries revealed by ultrasound
examination (15).

In consistency with previous studies, we found a positive
correlation between BMI and insulinemia and a correlation be-
tween BMI and insulin sensitivity. However we did not show the
relationship between insulinemia and testosterone levels which
appears to be the result of heterogenity of the studied group.
Similarly, the same results were reported by Kiddy et al but in a
homogenous group of PCOS women (16). Our study group con-
sisted of PCOS and non PCOS women. Therefore, these find-
ings yield an explanation that hyperinsulinemia stimulates ova-
rian androgen production in both PCO and non PCO.

There were 57 % of patients with and 43 % of patients with-
out PCOS in our study group. Non PCOS subjects had mildly

but significantly higher BMI, lower LH and testosterone levels
than those with PCOS.

There are some different reports about insulin sensitivity and
PCOS. Some authors found significantly higher levels of
insulinemia, while others demonstrated only decreased insulin
sensitivity without the demonstration of hyperinsulinemia (3, 23,
17, 10). Marsden et al documented an impaired tissue insulin
sensitivity in obese PCOS as well as in lean PCOS women and
showed that the impaired insuline sensitivity appears to be inde-
pendent of obesity (18). However any degree of obesity has
a powerfull effect in decreasing insuline sensitivity.

This study showed an increase in the levels of insulinemia
and a higher degree of insulin resistance in lean PCOS compared
to lean controls. Moreover, Robinson et al demonstrated a lower
insulin sensitivity in lean patients with oligo- or amenorrhoea
compared to lean PCOS women with regular menstrual cycle or
lean controls (19). Morales et al reffered that insulin sensitivity
was reduced by 50 % in lean PCOS compared to that in lean
controls. There was a further decrease in obese controls and a 2-
fold greater reduction in obese PCOS than obese controls, sug-
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gesting that insulin resistance is a common lesion in PCOS and
that obesity contributes an additional component to hyperin-
sulinemia and insulin resistance in obese PCOS (4).

The highest degree of insulin resistance in this study was
found in PCOS women with overweight or obesity. In non PCOS
subjects, the body weight is the most important factor in deter-
mining the insulin sensitivity and androgen production, the fact
of which was demonstrated in our group of obese non PCOS
women.

Hyperinsulinemia is a prominent feature of the PCOS syn-
drome which is not solely related to obesity and appears to
play a key role in the ovarian hyperandrogenism and glucose
intolerance. The fact that obesity is related to the menstrual
cycle pattern was proven by the restoration of ovulation and
regular menstrual cycles by dietary treatment and weight loss
in obese PCOS patients (20, 16). Recently, Huber-Buchholz et
al reported that lifestyle modifications in 18 obese anovulary
PCOS patients resulted in ovulation in approximately half of
the patients (21).

Most important differences in the studied group appear to
be weight-dependent. In this study a significant increase of
insulinemia and decrease of insulin sensitivity were foud to-
gether with an elevation of BMI. However, we were not able to
demonstrate the differences in FSH, LH and prolactinemia in
three groups according to body weight. Dunaif et al demon-
strated a negative correlation between BMI and LH in obese
females. In our group of obese patients we found only mildly
but insignificantly decreased LH levels. It may partially indi-
cate a relative participation of hypothalamic dysfunction on
chronic anovulation. The positive correlation between insuli-
nemia and testosteronemia in obese women is in agreement with
some authors indicating that obesity itself is a disease entity
with hyperinsulinemia and insulin resistance, and it appears to
have independent effects on androgen ovarian secretion (13, 4).

Although this study demonstrates an insulin resistance in lean
PCOS women, obesity is an important factor, which potentiates
or modifies insulin sensitivity in patients with anovulary cycles
independently of PCOS. According to Cibula et al, obesity de-
terminates also the lipid profile and hyperlipoproteinemia as they
did not show the lipid profile differencies in PCOS women and
weight-matched control subjects (22).

There was found a negative correlation between basal insu-
linemia and LH. This finding is in agreement with previous stud-
ies demonstrating higher levels of LH in lean PCOS subjects
(20, 18) although other workers demonstrated no difference in
LH between lean and obese PCOS (13, 16). These differences
between studies may reflect differences in the selection of pa-
tients. It is possible that lean patients in these studies had a more
pronounced or more severe form of PCOS than the obese group.
Additionally, the fact of pulsatile secretion of LH, is well known,
thus a single level cannot reflect the real secretion of LH. An-
other possibility is that obese women had lower levels of SHBG
resulting in increased free fractions of plasma ovarian hormones
which have a more pronounced suppressing efect on gonadotro-
pin secretion.

We did not detect any correlation between testosterone and
insulinemia in the large studied group, however a positive corre-
lation was demonstrated only in the group of obese females. This
finding supports our previous hypothesis that obesity is more
important factor for androgen ovarian production than PCOS
itself.

In conclusion, we demonstrated that the body weight is the
most important factor determining the insulin sensitivity and
ovarian hyperandrogenism not only in PCOS women but also in
anovulating women without PCOS.

References

1. Rosenfield RL. Is polycystic ovary syndrome a neuroendocrine or
an ovarian disorder? Clin Endocrinol 1997; 47: 424—434.

2. Ibanez L, Potau N, Carrascosa A. Insulin resistance, premature
adrenarche and risk of polycystic ovary syndrome. TEM 1998; 9 (2):
72—177.

3. Korytkowski MT, Mokan M, Horowitz MJ, Berga SL. Metabolic
effects of oral contraceptives in women with polycystic ovary syndro-
me. J Clin Endocrinol Metab 1995; Nov 80: 327—334.

4. Morales AJ, Laughlin GA, Butzow T, Maheshwari H, Baumann
G, Yen SSC. Insulin, somatotropic, and luteinizing hormone axes in
lean and obese women with polycystic ovary syndrome: common and
distinct features. J Clin Endocrinol Metab 1996; 81: 2854—2864.

5. Morin-Papunen LC,, Vauhkonen I, Koivunen RM,, Ruokonen A,
Tapanainen JS. Insulin sensitivity, insulin secretion and metabolic and
hormonal parameters in healthy women and women with polycystic
ovarian syndrome. Hum Reprod 2000; 15: 1266—1274.

6. Norman RJ, Clark AM. Obesity and reproductive disorders: a review.
Reprod Fertil Dev 1998; 10: 55—63.

7. Ke WX, Shan GQ, Hua SY. Different response of insulin, C-peptide
and testosterone to an oral glucose tolerance test in two groups of wo-
men with polycystic ovary syndrome. Acta Obstet Gynecol Scand 1996;
75: 166—169.

8. Elting MV, Korsen TJM, Schoemaker J. Obesity rather than men-
strual cycle pattern or follicle cohort size, determinates hyperinsuline-
mia, dyslipidemia and hypertension in aging women with polycystic
ovary syndrome. Clin Endocrinol 2001; 55: 767—776.

9. Nestler JE, Clore JN, Blackard WG. The central role of obesity

(hyperinsulinemia) in the pathogenesis of the polycystric ovary syndro-
me. Amer J Obstet Gynecol 1996, 161; 1095—1097.

10. Dravecka I, Lazirova I, Kraus V, Zemberova E, Petroviova J,
Palko M. Hyperinsulinemia and menstrual cycle disturbancies. Vnit#
Lék 2002; 48: 192—196.

11. Lake JK, Power C, Cole TJ. Womene reproductive health — the
role of body mass index in early and adult life. Int J Obesity 1997; 21:
432—438.

12. Lazirova I, Dravecka I. Obesity and menstrual cycle disturban-

ces. Vnitf Lék 2002; 48: 349—352.

13. Dunaif A, Scott D, Finegood D, Quintana B, Whitcomb R. The
insulin-senzitizing agent troglitazone improves metabolic and reproduc-
tive abnormalities in the polycystic ovary syndrome. J Clin Endocrinol
Metab 1996; 81: 3299—3306.

14. Ehrmann DA, Cavaghan MK, Imperial J, Sturis J, Rosenfield



Dravecka I et al. Obesity is the major factor determining...

399

RL, Polonsky KS. Effects of metformin on insulinsecretion, insulin
action and ovarian steroidogenesis in women with polycystic ovary syn-
drome. J Clin Endocrinol Metab 1997; 82: 524—530.

15. Conn JJ, Jacobs HS, Conway GS. The prevalence of polycystic
ovaries with type 2 diabetes mellitus. Clin Endocrinol 2000; 52: 81—
86.

16. Kiddy DS, Hamilton-Fairley D, Bush A, Short F, Anyaoku V,
Reed MJ, Franks S. Improvement in endocrine and ovarian function
during dietary treatment of obese women with polycystic ovary syndro-
me. Clin Endocrinol 1992; 36: 105—110.

17. Unluhizarci K, Kelestimur F, Bayram F, Sahin Y, Tutus A. The
effects of metformin on insulin resistance and ovarian steroidogenesis
in women with polycystic ovary syndrome. Clin Endocrinol 1999; 51:
231—236.

18. Marsden PJ, Murdoch AP, Taylor RT. Tissue insulin sensitivity
and body weight in polycystic ovary syndrome. Clin Endocrinol 2001;
55: 191—199.

19. Robinson S, Henderson AD, Gelding SV, Kiddy D, Niththya-
nanthan R, Bush A, Richmond W, Johnston DG, Franks S. Dyslipi-

demia id associated with insulin resistance in women with polycystic
ovaries. Clin Endocrinol Oxf 1996; 44: 277—284.

20. Pasquali R, Casimerri F, Vicennati V. Weight control and its be-
neficial effect on fertility in women with obesity and polycystic ovary
syndrome. Hum Reprod 1997; 12 (Suppl 1): 82—87.

21. Huber-Buchholz NM, Carey DG, Norman RJ. Restoration of re-
productive potential by lifestyle modification in obese polycystic ovary
syndrome: role of insulin sensitivity and luteinizing hormone. J Clin
Endocrinol Metab 1999; 84: 863—868.

22. Cibula D, Cifkova R, Fanta M, Poledne R, Zivny J, Skibova J.
Increased risk of non insulin dependent diabetes mellitus, arterial hyper-
tension and coronary artery disease in perimenopausal women with a history
of the polycystic ovary syndrome. Hum Reprod 2000; 15: 785—789.

23. Nestler JE, Jakubowicz DJ, Evans WS, Pasquali R. Effects of
metformin on spontaneous and clomiphene-induced ovulation in the
polycystic ovary syndrome. New Engl J Med 1998; 338: 1876—1880.

Received October 8, 2003.
Accepted November 12, 2003.



