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Abstract

Patients with polycystic ovary syndrome (PCOS) usually are obese,
insulin resistant and hyperinsulinemic. The known association be-
tween leptin, obesity and insulin action suggests that leptin may have
a role in PCOS but this has only been addressed peripherally. This
study was designed to assess the relationship between serum leptin
and the anthropometric, metabolic and endocrine variables of obese
(body mass index, BMI ≥30 kg/m2) and non-obese (BMI <30 kg/m2)
PCOS patients. Twenty-eight PCOS patients and 24 control women
subdivided into obese and non-obese groups were evaluated. Leptin,
androgens, lipids, gonadotrophins and insulin-glucose response to the
oral glucose tolerance test were measured by radioimmunoassay in all
participants. The assays were done all in one time. The areas under the
insulin curve (AUC-I) and the glycemia curve were calculated to
identify patients with insulin resistance. Mean leptin levels were not
significantly higher in patients with PCOS compared to the control
group (21.2 ± 10.2 vs 27.3 ± 12.4 ng/ml). Leptin levels were found to
be significantly higher in the obese subgroups both in patients with
PCOS (26.9 ± 9.3 vs 14.1 ± 7.0 ng/ml) and in the control group (37.3
± 15.5 vs 12.9 ± 5.8 ng/ml). The leptin of the PCOS group was
correlated with BMI (r = 0.74; P < 0.0001) and estradiol (r = 0.48; P <
0.008) and tended to be correlated with the AUC-I (r = 0.36; P = 0.05).
Of the parameters which showed a correlation with leptin in PCOS,
only estradiol and probably insulinemia (AUC-I) did not show a
significant correlation with BMI, suggesting that the other parameters
were correlated with leptin due to their correlation with BMI. Estradiol
correlated with leptin in PCOS patients regardless of their weight.
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Introduction

The polycystic ovary syndrome (PCOS)
affects approximately 5-10% of women of
reproductive age and is characterized by
menstrual disorders, chronic anovulation and

hyperandrogenism (1). About 50-60% of
PCOS patients are obese, hyperinsulinemic
and insulin resistant (2). A relationship be-
tween body weight and reproductive func-
tion has been observed. Women with low
body fat stores such as dancers, Olympic
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runners and those with nervous anorexia
frequently show infertility. At the other end
of the spectrum, obese women present an
elevated incidence of oligomenorrhea or
amenorrhea and infertility (3). The discov-
ery of leptin (4) opened new perspectives
about the relation between body fat and men-
strual disorders. Leptin is secreted by adipo-
cytes in proportion to the amount of body fat
and exerts a potent inhibitory action on food
intake. In humans, serum leptin concentra-
tions correlate positively with percent body
fat. Weight loss and fat reduction are associ-
ated with lower levels of serum leptin (5,6).
This suggests that obesity, rather than being
caused by deficient leptin production in the
adipose tissue, may be caused by resistance
to leptin due to an alteration in its receptor,
which would hinder the action of central
mechanisms responsible for the reduction of
appetite (5).

The very close association between hy-
perinsulinemia and hyperleptinemia suggests
that expression of the ob gene, which codes
for leptin, may be mediated by insulin both
in humans and in rats (7). In addition, it has
been suggested that insulin indirectly regu-
lates leptin secretion due to its trophic effect
on the adipocytes (8).

Thus, insulin, leptin, body weight, ovar-
ian steroidogenesis and ovulation show com-
plex interrelations. According to Poretsky et
al. (9), it appears that insulin stimulates leptin
secretion, increases the pituitary gonadotro-
phin response to gonadotrophin-releasing
hormone (GnRH) and promotes steroido-
genesis. Leptin stimulates all levels of the
reproductive axis, i.e., hypothalamus, pitui-
tary and ovary. In view of these effects, the
possibility was raised that high levels of
leptin may contribute to the physiopathol-
ogy of PCOS (10), although others report
that the significance of the increase is lost
when leptin concentrations are adjusted for
body mass index (BMI) (11-13). Since obe-
sity exerts complex effects on glucose toler-
ance and insulin sensitivity, it is necessary to

control these effects by separately studying
groups of obese and non-obese PCOS pa-
tients and comparing them to control groups
of obese and non-obese ovulatory women.

The aim of the present study was to deter-
mine the relationship between serum leptin
and estradiol and investigate the potential asso-
ciation with BMI, waist:hip ratio (WHR) and
insulin resistance calculated by area under
the insulin curve (AUC-I) in PCOS patients
and weight-matched ovulatory women.

Material and Methods

Patients

In this prospective clinical study, 52
women of reproductive age (16-43 years)
were allocated to four groups: 13 obese
women with PCOS (BMI ≥30 kg/m2), 13
obese controls, 15 non-obese women with
PCOS (BMI <30 kg/m2), and 11 non-obese
controls. The PCOS patients were selected
at the Endocrine Gynecology Outpatient Clinic
of a public institution. The controls were
volunteers who freely agreed to participate
in the study. All women gave informed writ-
ten consent before participating in the study,
which was approved by the Ethics Commit-
tee of the Hospital.

Inclusion and exclusion criteria

PCOS group. Twenty-eight women with
amenorrhea or oligomenorrhea (six or less
menses/year) associated with signs of clini-
cal and/or laboratory hyperandrogenemia
according to NIH criteria (1990). Clinical
hyperandrogenemia involves hirsutism
(Ferriman index ≥8) and elevated serum tes-
tosterone or androstenedione levels. Con-
genital adrenal hyperplasia was excluded
after serum measurement of dehydroepi-
androsterone (DHEAS, cut-off 350 µg/dl)
and 17-hydroxyprogesterone (17-OH, cut-
off 180 ng/dl).

Control group. Twenty-four ovulatory
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women with regular menstrual cycles (se-
rum progesterone >5 ng/ml on the 22nd day
of the cycle) and no clinical signs of hyper-
androgenemia.

Women submitted to hormonal or oral
contraceptive treatment during the 3 months
preceding the study or with hyperglycemia,
thyroid or prolactin alterations were excluded
from the study.

Anthropometric assessment

Weight was assessed on the basis of BMI
(14) calculated by dividing weight (in kilo-
grams) by the height squared. Patients and
controls were subgrouped as obese (BMI
≥30 kg/m2) and non-obese (BMI <30 kg/
m2). To indirectly assess body fat distribu-
tion we adopted the WHR.

Oral glucose tolerance test

After a 12-14-h fast, 75 g dextrose was
administered orally to all participants and
blood was collected every 30 min over a
period of 2 h for the measurement of glucose
and insulin. Insulin resistance was deter-
mined indirectly by calculating the AUC-I
and the area under the glycemia curve (AUC-
G) and the ratio of the two curves was taken
to be AUC-I/AUC-G.

Hormonal and biochemical tests

The analyses were carried out during the
follicular phase in women who had men-
strual periods and in any phase of the cycle
in the amenorrheic PCOS patients. The sub-
jects were instructed to ingest an amount of
calories adequate for their daily energy needs,
with at least 200 g carbohydrates, for a mini-
mum period of 3 days before the test. Blood
samples were collected for the analysis of
leptin, testosterone, androstenedione, lute-
inizing hormone (LH), follicle-stimulating
hormone (FSH), estradiol (E2), total choles-
terol, HDL, LDL, and triglycerides. All

samples were centrifuged and stored at
-20ºC until the assay.

All determinations for each experiment
were made in a single assay. Leptin was
assayed by radioimmunoassay (RIA; LINCO
Research Inc., St. Charles, MO, USA) with a
5.7% intra-assay error and a mean value of
20.4 ± 7.8 ng/ml for control population.
Insulin was assayed in duplicate by solid
phase RIA (double antibody) and the results
are reported as µU/ml. The minimum amount
of insulin detected was 1.0 µU/ml. Intra- and
interassay coefficients of variation were 5.5
and 16.5%, respectively. Androstenedione,
testosterone, DHEAS, and 17-OH were also
assayed by RIA. LH, FSH, prolactin, E2,
progesterone (P4), thyroid-stimulating hor-
mone and free thyroxine (T4) were assayed
by chemiluminescence (DPC, Los Angeles,
CA, USA). Plasma glucose was measured by
the glucose oxidase method. Total choles-
terol and triglycerides were determined by
enzymatic methods using Dimension kits
(Dade Behring, Newark, DE, USA) and HDL
cholesterol was determined by phospho-
tungstate-magnesium chloride precipitation.

On the 22nd day of the cycle, P4 was
measured in normal volunteers in order to
confirm the ovulatory condition. All sub-
jects were submitted to pelvic ultrasound
always in the first phase of the menstrual
cycle, transvaginally whenever possible, us-
ing an ATL-HDI 2000 instrument (ATL,
Bothell, WA, USA) and a 5000-13000-MHz
transducer, in order to assess ovarian mor-
phology, with emphasis on the presence of
multiple cysts ≤8 mm in diameter.

Statistical analysis

Data are reported as medians, means and
standard deviation. The normality criteria
used to interpret the glucose curves were
those of the American Diabetes Association
(15). AUC-G and AUC-I were calculated
using the trapezoid rule. Data were analyzed
statistically by the nonparametric Kruskal-
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Wallis test for comparison of the medians
and by analysis of variance (ANOVA) for
comparison of the means. When necessary,
logarithmic or mean square root transforma-
tion of the data was carried out. The Student-
Newman-Keuls test was used for inter-mean
discrimination. Simple Spearman linear cor-
relation and regression were used to deter-
mine the correlation between variables for
the four groups. The level of significance
was set at P < 0.05 for all analyses.

Results

PCOS group versus the control group

The clinical and metabolic characteris-
tics of all subgroups (obese and non-obese
women with PCOS and obese and non-obese
controls) are listed in Table 1. When ana-
lyzed as a group, PCOS patients (obese and
non-obese) had similar BMI to that of con-
trol women (obese and non-obese), but PCOS
women were younger, had significantly
higher concentrations of LH, LH/FSH, tes-
tosterone, and androstenedione, and a higher
degree of insulin resistance. Approximately

68% of the PCOS patients presented hirsut-
ism and 75% presented insulin resistance
(78.6% of obese patients and 71.4% of non-
obese patients). There was no difference
between groups in lipid profile or total cho-
lesterol/HDL index in spite of body weight.
Mean serum leptin levels were similar in
patients with PCOS and controls (21.2 ±
10.2 vs 27.3 ± 12.4 ng/ml, respectively).
When mean serum leptin levels were com-
pared between obese and non-obese women
in both groups, they were significantly higher
in the obese women (32.2 ± 9.3 ng/ml vs 13.5
± 6.8 ng/ml; Figure 1).

Correlation analyses were performed be-
tween leptin levels and all other parameters.
There was a significant positive correlation
between serum leptin levels and BMI both in
the PCOS group and in the control group (r =
0.74; P < 0.0001 and r = 0.82; P < 0.0001,
respectively). Nevertheless, when obese and
non-obese subjects were compared this cor-
relation was demonstrable only for the obese
groups (PCOS patients: r = 0.74; P < 0.05,
and controls: r = 0.54; P < 0.05) but not in the
non-obese groups (PCOS patients: r = 0.28;
P > 0.05, and control group: r = 0.10; P >

Table 1. Clinical and metabolic characteristics of the groups studied.

Variable Obese Non-obese

PCOS (N = 13) Control  (N = 13) PCOS (N = 15) Control  (N = 11)

Age (years) 23.5 ± 4.5a 32.1 ± 5.6b 20.0 ± 5.2a 30.0 ± 6.3b

BMI (kg/m2) 35.6 ± 6.2a 39.8 ± 7.6a 23.2 ± 2.3b 22.3 ± 2.2b

Waist (cm) 99.0 ± 12.4a 103.8 ± 9.7a 74.3 ± 7.3b 74.7 ± 6.2b

Waist:hip ratio 0.85 ± 0.06a 0.83 ± 0.07a 0.77 ± 0.03b 0.76 ± 0.04b

FSH (mIU/ml) 4.3 ± 1.0a 6.4 ± 2.5b 4.4 ± 1.0a 4.7 ± 1.7a

LH (mIU/ml) 7.4 ± 2.9a 3.0 ± 1.7b 8.4 ± 5.2a 3.8 ± 3.0b

LH/FSH 1.7 ± 0.8a 0.5 ± 0.4b 1.9 ± 0.8a 0.8 ± 0.5b

E2 (pg/ml) 35.3 ± 12.9a 29.2 ± 7.3a 30.5 ± 10.5a 35.0 ± 21.6a

Testosterone (ng/dl) 106.7 ± 42.8a 46.0 ± 20.2b 92.0 ± 31.9a 51.4 ± 18.8b

Androstenedione (ng/dl) 225.3 ± 69.8a 104.1 ± 59.6b 228.7 ± 70.8a 130.2 ± 65.2b

Fasting plasma glucose (mg/dl) 78.0 ± 10.4a 87.3 ± 8.8b 76.8 ± 7.2a 81.9 ± 7.9b

Fasting serum insulin (µU/ml) 23.8 ± 13.6a 17.1 ± 7.2a 14.9 ± 7.9a 7.9 ± 3.6b

AUC-I/AUC-G 1.47 ± 0.6a 0.75 ± 0.2b 1.40 ± 0.8a 0.53 ± 0.2c

Data are reported as means ± SD. AUC-G = area under the curve for glucose; AUC-I = area under the curve
for insulin; BMI = body mass index; NS = not significant; PCOS = polycystic ovary syndrome. See text for
other abbreviations. Means followed by different letters differed significantly (P < 0.05, Kruskal-Wallis test
and ANOVA).
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0.05).
There was a positive and significant cor-

relation between leptin levels and waist meas-
urement, E2 and AUC-G in PCOS patients
(Table 2), but no correlation between leptin
and AUC-I, WHR, LH, FSH, testosterone,
androstenedione, total cholesterol, HDL-cho-
lesterol, LDL-cholesterol and AUC-I/AUC-
G. There was a trend of correlation between
leptin and AUC-I. Of the parameters which
showed a correlation with leptin in PCOS,
only estradiol did not show a significant
correlation with BMI, suggesting that the
other parameters correlated with leptin only
because of their correlation with BMI.

In the control group, leptin levels corre-
lated positively with waist measurement (r =
0.82; P < 0.05) and AUC-I (r = 0.54; P <
0.01) but not with AUC-G (P = 0.05). How-
ever, all of these parameters correlated sig-
nificantly with BMI, suggesting that these
correlations were due only to BMI.

LH and the LH/FSH ratio correlated nega-
tively with leptin in the obese group as a
whole (r = -0.56; r = -0.49) and in the obese
PCOS patients (r = -0.69; r = -0.76).

Discussion

Leptin, an ob gene product, is produced
by the human fat body stores and appears to
be involved in the regulation of the repro-
ductive axis. In the present study we at-
tempted to correlate leptin with PCOS taking
into consideration body weight and several
metabolic parameters. Our results confirm a
positive correlation of leptin with body weight
and waist measurement in humans (11-13).
Brzechffa et al. (10) studied the effects of
leptin on PCOS pathogenesis and observed
higher concentrations of leptin in some
women in spite of their BMI and sensitivity
to insulin, suggesting that leptin signaling
anomalies in the reproductive axis could be
involved in the physiopathology of PCOS.
Later studies (11-13) provided strong evi-
dence against the report that leptin levels
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Figure 1. Serum leptin levels for
the polycystic ovary syndrome
(PCOS) and control groups ac-
cording to body mass index.
Data are reported as means ±
SD. Means followed by different
letters differed significantly (P <
0.05, Student-Newman-Keuls
test).

Table 2. Anthropometric and metabolic measurements in 28 PCOS patients and their
correlations with leptin and body mass index (BMI).

PCOS patients Mean ± SD Correlation Correlation
with leptin with BMI

r P r P

BMI (kg/m2) 29.9 ± 7.7 0.74 <0.0001    -      -
Waist (cm) 87.1 ± 16.0 0.69 <0.0001 0.97 <0.0001
Waist:hip ratio 0.81 ± 0.07 0.37     NS 0.77 <0.0001
E2 (pg/ml) 34.8 ± 11.8 0.48 <0.008 0.29     NS
Triglycerides (mg/dl) 119.3 ± 73.4 0.31    NS 0.50   0.006
AUC-I 18,232.5 ± 11,324.2 0.36    NS 0.27    NS
AUC-G 12,718.3 ± 2,740.8 0.43 <0.02 0.39 <0.04
Leptin (ng/ml) 21.2 ± 10.2    -     - 0.74 <0.0001

Data are reported as means ± SD. NS = not significant (P > 0.05). For abbreviations,
see legend to Table 1. The Spearman correlation and regression tests were used.

were elevated in PCOS women when com-
pared to control groups (10) and affirmed
that high leptin was the result of the high
body weight of PCOS patients. Our findings
that leptin levels were not higher in patients
with PCOS compared to the control group
and it was correlated with the amount of fat
tissue not only in patients with PCOS but
also in healthy women confirm these re-
ports. However, our most interesting result
was the correlation between leptin and E2.

We found a positive and statistically sig-
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nificant correlation between E2 and leptin, in
agreement with Shimizu et al. (16) and
Messinis et al. (17), suggesting that E2 can be
an important regulator of leptin production
in women. Nevertheless, our findings first
showed a correlation of leptin with E2 in
PCOS patients; also, this correlation was
independent of BMI. We may speculate if
the abnormal ovarian hormone milieu (el-
evated E2 levels) may have any influence on
gonadotrophin secretion in PCOS patients
via leptin action. In rats, elevated E2 levels
enhanced leptin levels and neuropeptide Y
expression and resulted in lower GnRH and
gonadotropin secretion (18). In addition, al-
tered fat distribution is a consequence of
steroid metabolism, but the mechanisms re-
sponsible are unknown. Increased adiposity
in ovariectomized rats can be reversed with
17beta-estradiol treatment (19), but this ani-
mal model suggests that obesity is not asso-
ciated with hypoleptinemia or decreased ob
gene expression, but is associated with in-
sensitivity to central leptin administration
caused by estrogen deficiency. Women both
in pre- and post-menopause have higher se-
rum leptin levels than men (20,21). Licinio
et al. (22) have shown that women needed
twice as leptin as men to maintain their
normal weight. Estradiol may stimulate the
production of leptin from the adipocytes
(23). Leptin could act in the pituitary ovarian
axis during fasting to improve reproductive
function by partly stimulating estrogen se-
cretion (23). Thus, the role of leptin in PCOS
may occur by ways other than the simple
concentration of the hormone in the circula-
tion, and estrogen metabolism may be in-
volved in this role.

On the other hand, in vitro studies do not
corroborate these animal findings. A pos-
sible direct intra-ovarian effect of leptin was
noted in a study on rats in which the action of
insulin-like growth factor (IGF-1) and FSH
on estradiol production by granulosa cells in
culture was attenuated by the addition of
leptin (24). It was shown that leptin inhibits

LH-stimulated E2 production by human
granulosa cells in culture (25).

Studies in which 24-h LH pulses were
observed in PCOS patients (26,27) identi-
fied an inverse relationship between LH and
BMI and between leptin and 24-h mean LH,
suggesting that leptin could act at the hypo-
thalamic or hypophyseal levels as a mediator
for the negative feedback on LH secretion.
Although we found a negative and signifi-
cant correlation between leptin and LH lev-
els in obese subjects as a whole and in obese
PCOS patients, we did not find a significant
correlation between LH and BMI in any of
the groups.

Many obese women are hyperinsuline-
mic and insulin resistant (28,29). Our data
do not support this, since the obese group as
a whole responded to insulin similarly to the
non-obese women. Nevertheless, the PCOS
patients presented higher insulin resistance
than the control group. These results suggest
that insulin resistance does not only depend
on obesity but also on the presence of PCOS,
as previously described (2). The results about
the relation between leptin and insulin levels
and insulin resistance are contradictory. Some
investigators did not find any association
(5,30), indicating that other factors besides
insulin are involved in the regulation of leptin
concentration, whereas other studies have
shown a positive association (31,32). In the
present study, we found a correlation be-
tween leptin and insulinemia probably ex-
plained by the correlation also found be-
tween insulinemia and BMI.

On average, control women were older
than PCOS women, but the women in both
groups were in the same phase of reproduc-
tive life, i.e., menacme, with no important
difference between groups from an endo-
crine-gynecological point of view. In the
present study, there was no correlation be-
tween serum leptin levels and age (r = 0.14;
P = 0.32), in agreement with other studies
(10,33).

The lipid profile of the subjects studied
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here was normal. We observed only elevated
triglycerides that were related to high BMI,
independent of the presence of PCOS.
Escobar-Morreale et al. (34), studying pa-
tients with hirsutism without PCOS, sug-
gested that leptin may participate in the de-
velopment of hyperandrogenemia. Brzechffa
et al. (10) and Rouru et al. (35) found a
correlation between leptin and free testoster-
one in PCOS patients. However, we did not
observe a correlation between the androgens
assayed in this study and leptin, in agree-
ment with Spritzer et al. (36).

The fact that leptin levels are normal in a
large proportion of women with PCOS does
not exclude the possibility that leptin is in-
volved in the pathophysiology of this syn-
drome. Although leptin values do not differ
significantly between PCOS patients and
controls, it is not known if body composition
can affect leptin concentrations. On the other

hand, leptin is secreted in a pulsatile way, and
it is not known if the normal pattern of
pulsatile secretion of leptin is altered in PCOS
(37). Further studies are required to clarify
the effects of leptin on the ovary and its
possible pathophysiological role in PCOS.

The idea that circulating leptin concen-
trations in PCOS patients could differ from
those of subjects with regular cycles was not
confirmed in the present investigation. How-
ever, it may be possible to approach the
question of the role of leptin in PCOS by
ways other than the simple measurement of
circulating leptin levels. It appears that leptin
does not play a role in LH, FSH, androgen or
lipid secretion in PCOS patients or in control
subjects. However, a possible link between
leptin and estradiol may exist. They were
positively correlated in PCOS patients re-
gardless of their weight.
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