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Objective: Evaluation of clinical and endocrine effects of naltrexone administration in obese women with
PCOS.

Design: Open, controlled, clinical study.

Setting: Department of Reproductive Medicine and Child Development, Section of Gynecology and Obstet-
rics, University of Pisa, Pisa, Italy.

Patient(s): Ten PCOS women were studied.

Intervention(s): Women were treated with naltrexone (50 mg/day) for 6 months.

Main Outcome Measure(s): Body mass index and the menstrual cyclicity during naltrexone treatment were
assessed. Basal levels of LH, FSH, 17�-estradiol (E2), 17-hydroxyprogesterone, total and free T, andro-
stenedione, dehydroepiandrosterone sulfate, cortisol, sex hormone-binding globulin were evaluated before
treatment and every 3 months. Progesterone levels were measured in the luteal phase during the sixth month.
Gonadotropin response to GnRH administration (10 �g) and a 75-g oral glucose tolerance test were performed
before and every 3 months.

Result(s): Body mass index significantly decreased from 29.94 � 1.04 to 26.07 � 0.81 during treatment. The
menstrual cyclicity improved in 80% of PCOS women: the mean cycle length was 40–360 days before
treatment and ranged between 25 and 120 days and 28–120 days after 3 and 6 months of treatment. Plasma
levels of free T, androstenedione, dehydroepiandrosterone sulfate, and cortisol significantly decreased. Fasting
glucose-to-insulin ratio improved in women with insulin resistance.

Conclusion(s): Naltrexone may have a beneficial effect on the clinical and endocrine–metabolic disturbances
of obese PCOS women. Whether these effects are the consequences of weight loss or are due to changes in
opioidergic tone is debatable. (Fertil Steril� 2002;77:936–44. ©2002 by American Society for Reproductive
Medicine.)
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The main features of polycystic ovary syn-
drome (PCOS) are chronic anovulation, ele-
vated serum androgen concentrations, and in-
appropriate gonadotropin secretion (1). An
augmented GnRH pulse frequency and an in-
creased sensitivity of the pituitary to GnRH
account for the abnormal gonadotropin levels
(2). The �-endorphin is an important hypotha-
lamic neurotrasmitter that inhibits GnRH re-
lease (3–5). Conflicting data are present in lit-
erature concerning a possible role of opioids in
the abnormalities of gonadotropin secretion in
PCOS (6–8). In fact, although some investiga-

tors have suggested that hypothalamic opioid
activity may be decreased in patients with
PCOS (6), Barnes and Lobo (7) do not sustain
a specific role of opioids on gonadotropin se-
cretion in PCOS women. Neverthless, Lanzone
et al. (8) found that the inhibition of opioid
activity lowers LH secretion in hyperinsuline-
mic PCOS women; this suggests that abnor-
malities of this system may exist in some
groups of women with PCOS.

Opioids influence some metabolic func-
tions. The isolation of �-endorphin in human
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endocrine pancreas (9) and the findings that endorphins
stimulate insulin and glucagon secretion in vivo (10) suggest
a possible role for endogenous opiates in glycoregulation.
The observation that both acute and short–chronic inhibition
of the opioidergic system significantly decreases the insu-
linemic response to an oral glucose tolerance test (OGTT) in
a group of hyperinsulinemic women with PCOS (11, 12),
further suggests that endogenous opiates are involved in the
control of insulin secretion in PCOS.

Obesity is frequently found in women with PCOS with a
range of 30%–60% (13). Obesity exerts an additive synergic
effect on the clinical and metabolic manifestations of PCOS
(14). Weight reduction can lower androgen levels and restore
ovulation in women with PCOS (15). Much evidence has
accumulated indicating the involvement of opioid peptides
in the control of appetite and in the pathogenesis of obesity:
plasma levels of �-endorphin are increased in obese subjects,
both in adults and adolescents (16) and this increase is not
corrected by weight loss (17). Moreover, the administration
of naloxone, an opiate receptor antagonist, is able to reduce
food intake in both Prader Willi syndrome (18) and obese
hirsute women (19).

Therefore, increasing evidence indicates that endogenous
opiates are involved not only in the mechanism of gonado-
tropin release, but also in the control of many other clinical
and metabolic features of PCOS. At the present time no data
are available about the effects of a chronic inhibition of the
opioid system in women with PCOS. The aim of this study
was to evaluate the clinical, endocrine, and metabolic effects
of a 6-month treatment with naltrexone, an inhibitor of the
opioid system, in obese women with PCOS.

MATERIALS AND METHODS

Subjects
Ten women, aged 18–26 years, with PCOS were re-

cruited for the study. The selected women were patients
attending the Reproductive Endocrinology Clinic at the De-
partment of Obstetrics and Gynecology of the University of
Pisa.

None of the subjects had clinical signs of virilization,
Cushing’s syndrome, evidence of enzymatic adrenal defi-
ciences, or drug-induced hyperandrogenism. None of the
enrolled women had markedly elevated plasma androgen
levels or a history compatible with an androgen-producing
neoplasm. Moreover, all women had normal PRL levels
(range 5–25 ng/mL). None of the subjects had received any
hormonal treatment for at least 6 months before the study.
Polycystic ovary syndrome was diagnosed by clinical find-
ings of irregular menses (oligoamenorrhea/amenorrhea) and
clinical signs of hyperandrogenism (acne and hirsutism),
elevated plasma androgen levels at the upper limit of the
normal range (androstenedione [A]: 0.25–3.02 ng/mL; total
T: 0.1–0.8 ng/mL; free T: �3.6 pg/mL), and bilaterally

normal or enlarged ovaries with the presence of at least 7 to
10 microcysts (�5 mm in diameter) on ultrasonography. A
normal LH/FSH ratio was not considered an exclusion cri-
teria. Obesity was defined as a body mass index (BMI) �25
kg/m2 (normal range 19–25 kg/m2).

Based on history, oligoamenorrhea was reported by nine
women (range of mestrual cycle 40–120 days) and only one
woman had amenorrhea. Hirsutism was present in all women
and two of them also had acne. Four (40%) women showed
high plasma levels of total T, two (20%) had high levels of
free T, and eight (80%) showed high concentrations of A. All
the enrolled women had a BMI �25 kg/m2 (29.94 � 1.04
kg/m2; range 25.4–36.1 kg/m2; Table 1).

As control group for baseline comparisons, 10 age-
matched healthy women, with 26- to 32-day regular menses
and no clinical or biochemical evidence of androgen excess,
were also studied (Table 1).

Study Design
The protocol was approved by the Ethics Committee of

the University of Pisa, Pisa, Italy. After detailed information
on the study had been provided and informed consent had
been obtained, women with PCOS who agreed to take part in
the study received 25 mg/day of naltrexone (Nalorex,
DuPont Pharma, Weinheim, Germany) for 15 days and then
they received 50 mg/day of the drug for 6 months. The
changes in endocrine and metabolic features of the enrolled
women with PCOS were assessed before and at 3-month
intervals during naltrexone treatment. To compare the base-
line values, the same endocrine and metabolic parameters
were assessed in the healthy controls. All subjects were
studied in the follicular phase of the menstrual cycle (4–9
days after the onset of spontaneous or progestin-induced
menstrual bleeding). The following evaluations were carried
out.

Clinical Assessment: Determination of Body Weight and
Evaluation of Menstrual Cyclicity

Women were weighed in the morning after overnight
fasting. This measurement was always performed by the
same physician, and it was reported as BMI (in kilograms
per square meter). The menstrual cycle length was calculated
as the number of days between the onset of two consecutive
menstrual bleedings. To assess the effects of treatment on
ovulatory function, plasma P levels were measured in the
luteal phase (day 21 of the menstrual cycle) of subjects
experiencing regular menses during naltrexone treatment.
Eight women accepted to undergo this additional assess-
ment, which was carried out during month 6 of therapy.
Ovulation was presumed to have occurred when plasma P
levels exceeded 8 ng/mL.

Endocrine Assessment

At 8:00 A.M., after overnight fasting, a polyethylene cath-
eter was inserted into an antecubital vein and two baseline
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blood samples were collected 15 minutes apart for determi-
nation of plasma levels of gonadotropins (LH and FSH), P,
E2, androgens (total T, free T, A, dehydroepiandrosterone
sulfate [DHEAS], and 17-hydroxyprogesterone [17-OHP]),
cortisol (F), and sex hormone-binding globulin (SHBG).
Thereafter, plasma samples for LH and FSH determination
were collected in all women every 10 minutes for 2 hours
from the same cannula kept patent by a saline infusion. After
the last blood sample, a 10-�g i.v. bolus dose of GnRH was
injected in the same cannula. To evaluate the FSH and LH
response to exogenous GnRH, additional blood samples
were collected after 15, 30, 45, 60, and 90 minutes after the
i.v. injection.

On the following day an OGTT was performed at 8:00
A.M. after an overnight fast. Blood samples for insulin and
glucose determination were collected basally and 30, 60, 90,
and 120 minutes after ingestion of 75 g of glucose in 150 mL
of water. All women were instructed to ingest a 300 g/day
carbohydrate diet for 3 days before the OGTT.

During the study period, none of the patients with PCOS
started a new diet. Each woman was asked to report side
effects during the treatment. In addition, safety parameters
(liver and renal function) were assessed before and at
3-month intervals during the study. Women were advised to
use contraception barrier methods or an intrauterine device
during the study to avoid conception.

Hormone Determination
After collection, blood samples were centrifuged and

plasma was immediately frozen at �20°C until assay.
Plasma LH and FSH were measured by a specific time-
resolved fluoroimmunoassay method (Delfia-Pharmacia, Mi-

lan, Italy). For LH determination the intra-assay and inter-
assay coefficients of variation (CV) ranged from 3.7% to
4.5% and from 2.4% to 3.8%, respectively. For FSH deter-
mination the intra-assay and interassay CV ranged from 3%
to 4% and from 3.7% to 4.3%, respectively. Plasma levels of
E2 and P were measured with RIA kits (Radim, Pomezia,
Italy). The intra-assay and interassay CV were 3.3% and
4.1% for E2 and 6.4% and 9.2% for P. Prolactin determina-
tion was performed by an immunoradiometric assay with a
magnetic solid phase.

The concentrations of A and free T were measured with
RIA techniques (Radim). The intra- and inter-assay CV were
�4.8% and 7.8% for T and 4.3% and 7% for A. Plasma total
T levels were measured by RIA kits (Immunotech, Mar-
seille, France). The intra-assay CV ranged from 7.2% to 11%
for values ranging from 0.5 to 1.4 ng/mL. The interassay CV
for total T determination ranged from 11.9% to 15% for
values ranging from 0.7 to 1.6 ng/mL.

Plasma 17-OHP, DHEAS, and F determinations were
performed with RIA kits (Radim). The intra-assay and in-
terassay CV were 3.6% and 7.3% for F, 6.2% and 8.3% for
DHEAS, and 7.2% and 9.3% for 17-OHP. Insulin and SHBG
determinations were performed by immunoradiometric assay
(Orion Diagnostica, Expoo, Finland for SHBG and Bio-
source Europa S.A., Nivelles, Belgium for insulin). The
intra-assay CV for the insulin determination ranged from
4.5% and 2.1% for values ranging from 6.6 to 53 �U/mL.
The interassay CV ranged from 12.2% to 4.7% for insulin
values ranging from 6.6 to 53 �U/mL. The intra-assay CV
for the SHBG determination ranged from 4.2% to 1.8% for
values ranging from 2.16 to 14.7 ng/mL, whereas the inter-

T A B L E 1

Clinical and endocrinologicala features of women participating in the study.

Subject Age (y) BMIb LH-AUCc Total Tb Free Tb Ab DHEASb SHBGb G:Ib

1 22 29.2 1728.5 0.70 1.70 4.00 2.60 5.50 14.4
2 18 25.9 897.0 0.67 3.20 2.00 1.10 4.70 4.4
3 22 31.8 2401.5 1.70 6.50 5.60 2.10 7.00 15.8
4 22 36.1 479.5 0.67 1.80 4.10 3.50 3.20 2.8
5 31 29.1 1787.0 1.00 3.80 4.70 2.50 7.40 4.4
6 21 29.4 2212.0 0.83 2.70 3.70 2.10 9.00 3.4
7 23 27.8 323.0 0.53 2.30 4.70 3.16 7.20 3.4
8 20 31.2 2153.0 0.36 1.30 3.70 1.00 9.15 4.4
9 26 25.4 2302.5 0.98 3.20 4.50 2.30 6.90 11.47

10 24 33.5 492.5 0.62 2.80 3.80 2.28 4.40 2.7
Mean � SE 22.9 � 1.13 29.94 � 1.04d 1477.65 � 265.10 0.80 � 0.12d 2.93 � 0.46d 4.08 � 0.29d 2.26 � 0.24d 6.44 � 0.61d 7.56 � 2.21
Controls 24.1 � 1.07 22.8 � 0.21 898.57 � 81.19 0.35 � 0.04 1.51 � 0.21 1.77 � 0.15 1.27 � 0.13 17.07 � 0.91 13.80 � 1.6
a Blood samples for hormonal measurements have been collected during the follicular phase of the menstrual cycle (days 4–9).
b Normal values: BMI � 19–25 kg/m2; total T � 0.1–0.8 ng/mL; free T � �3.6 ng/mL; A � 0.25–3.02 ng/mL; DHEAS � 1.2–3.6 �g/mL; SHBG � 13–26
ng/mL; fasting glucose:insulin (G:I) ratio � �4.5 mg/10�4 U.
c The basal nonstimulated secretion of LH calculated over the 2-hour period (mIU/mL).
d P�.01 vs. healthy controls.
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assay CV ranged from 1.58% to 8.33% for values ranging
from 7.13 to 67.2 ng/mL. Glucose levels were determined by
the glucose oxydase technique.

Statistical Analysis
All results are expressed as mean � SE. The basal secre-

tion of gonadotropins tested during a 2-hour period and their
response to GnRH were expressed as area under curve
(AUC). The AUC was calculated by the trapezoidal rule and
expressed as milliunits per milliliter � 120 and milliunits per
milliliter � 90 minutes, respectively. Insulin and glucose
concentrations after glucose ingestion were also expressed as
AUC, milligram per deciliter � 120 minutes for glucose and
microunit per milliliter � 120 minutes for insulin. Insulin
resistance was estimated using the ratio of simultaneous
steady-state (fasting) insulin and glucose measurement. This
ratio (G:I) has been shown to correlate with more formal
dynamic and steady-state measurements of insulin resistance
in women with PCOS (20). As previously described by
Legro et al. (20), we considered a fasting G:I ratio value
�4.5 as abnormal.

The difference between women with PCOS and healthy
controls was analyzed by Student’s t-test for unpaired data.
In women with PCOS, the changes in body weight, meta-
bolic and basal hormone levels after 3 and 6 months of
naltrexone treatment were statistically tested by using the
analysis of variance (ANOVA) for repeated measures. After
ANOVA, the Scheffe’s procedure was used making post hoc
comparisons. Simple linear regression and correlation anal-
ysis were also performed to assess a relationship between
insulin levels and androgen concentrations. Statistical sig-
nificance was set at P�.05, two-sided.

RESULTS

Clinical Results
At the dosage used, naltrexone treatment is safe as dem-

onstrated by the absence of adverse side effects such as
astenia, nausea, and headache. The biochemical parameters
of liver and renal function were unaffected during the entire
treatment period.

Every woman lost weight (range 2–19 kg) during treat-
ment. From values of 29.94 � 1.04 at baseline, BMI signif-
icantly (P�.01) decreased to 27.0 � 0.92 and of 26.07 �
0.81 after 3 and 6 months, respectively (Table 2).

At the same time, eight women (80%) showed a signifi-
cant improvement in menstrual cyclicity. The cycle length of
these women ranged between 40 and 90 days before treat-
ment, whereas at the end of the observation period, the
average of cycle length was 29.37 � 0.62 days (range 28–33
days). Figure 1 shows the menstrual cycle length in women
with PCOS after 3 and 6 months of naltrexone treatment. In
subjects experiencing regular menses, this improvement was
observed within 45 days after naltrexone intake. In six of the
women with regular menses during the treatment, plasma P
levels were indicative of ovulation at the sixth month of
naltrexone administration. Naltrexone did not induce any
changes in the menstrual cycles of two women.

Endocrine Study

Gonadotropin Secretion

Before naltrexone administration, basal LH and FSH
were within the normal range for the follicular phase of the
menstrual cycle (LH: 9.91 � 1.81 mU/mL [5–15 mU/mL];

T A B L E 2

Plasma hormone concentrations,a fasting glucose:insulin ratio (G:I), and BMI before and during administration of naltrexone
(50 mg/d).

Variable Baselineb 3rd monthb 6th monthb P value

BMI (kg/m2) 29.94 � 1.04 27.00 � 0.92d 26.07 � 0.81d .0001
G:I ratio (mg/10�4 U) 7.56 � 2.21 6.41 � 0.85 7.40 � 0.68 .79
LH-AUC (mIU/mL � 120 min)c 3142.77 � 691.45 1927.17 � 541.68d 1756.02 � 427.64d .05
E2 (pg/mL) 58.3 � 9.71 106.5 � 19.75d 116.0 � 19.73d .008
Total T (ng/mL) 0.80 � 0.12 0.67 � 0.11 0.58 � 0.09 .07
Free T (ng/mL) 2.93 � 0.46 1.92 � 0.19 1.29 � 0.17d .003
A (ng/mL) 4.08 � 0.29 2.46 � 0.28d 2.01 � 0.32d .0001
DHEAS (�g/mL) 2.26 � 0.24 1.61 � 0.17d 1.33 � 0.19d .0001
17-OHP (ng/mL) 1.36 � 0.18 1.29 � 0.24 1.23 � 0.22 .68
F (ng/mL) 193.27 � 20.15 163.16 � 21.60 152.44 � 22.18d .008
SHBG (ng/mL) 6.44 � 0.61 6.59 � 0.56 6.2 � 0.54 .56
a Blood samples for hormonal measurements have been collected during the follicular phase of the menstrual cycle (days 4–9).
b Values are expressed as means � SE.
c LH secretion after GnRH bolus (10 �g i.v.). The values are reported as area under curve (LH-AUC).
d vs. baseline values.
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FSH: 5.19 � 0.43 mIU/mL [4–12 mIU/mL]) and there were
no significant differences in LH and FSH plasma levels
between women with PCOS and control group (LH: 9.91 �
1.81 mIU/mL vs. 6.62 � 1.22 mIU/mL and FSH: 5.19 �
0.43 mIU/mL vs. 5.85 � 0.42 mIU/mL). A slight, but not
significant, decrease in plasma LH levels was observed dur-
ing the study in women with PCOS (7.57 � 1.44 mIU/mL
and 5.71 � 0.94 mIU/mL after 3 and 6 months, respective-
ly). Basal plasma levels of FSH were not different from
those obtained at the end of the observation period (4.98 �
0.51 mIU/mL and 4.93 � 0.43 mIU/mL after 3 and 6
months, respectively).

In women with PCOS, plasma FSH concentrations deter-
mined in samples taken during a 2-hour period were similar
to values of control group (FSH AUC: 689.35 � 68.77
mIU/mL vs. 771.51 � 52.24 mIU/mL) and they showed no
significant changes during the study (FSH AUC: 689.35 �
68.77 mIU/mL, 661.65 � 76.63 mIU/mL, and 691.55 �
46.78 mIU/mL before and at 3-month intervals). The basal
nonstimulated secretion of LH calculated during the 2-hour
period in women with PCOS was slightly but not signifi-

cantly higher than controls (LH AUC: 1,477.65 � 265.10
mIU/mL vs. 898.57 � 81.19 mIU/mL; Table 1). During
treatment the LH AUC values showed a progressive, al-
though not significant, decrease after 3 and 6 months of
naltrexone treatment (1,477.65 � 265.10 mIU/mL,
1,051.6 � 251.51 mIU/mL, and 1,004.15 � 145.24 mIU/
mL, before and after 3 and 6 months).

The LH concentrations obtained in response to the GnRH
bolus were significantly (P�.05) higher in women with
PCOS than in controls (3,142.77 � 691.45 mIU/mL vs.
1,670.59 � 70.91 mIU/mL). During naltrexone treatment the
LH responses to GnRH administration were significantly
(P�.05) lower than those obtained before the treatment
(3,142.77 � 691.45 mIU/mL, 1,927.17 � 541.68 mIU/mL,
and 1,756.02 � 427.64 mIU/mL before treatment and after 3
and 6 months, respectively; Table 2). The FSH response to
GnRH was similar in healthy controls and in patients with
PCOS (746.07 mIU/mL � 61.09 vs. 755.48 mIU/mL �
146.78 mIU/mL) . Moreover, the opioid antagonist treatment
did not modify the FSH response to GnRH in women with
PCOS (755.48 � 146.78 mIU/mL, 638.9 � 97.55

F I G U R E 1

Mean (�SE) and individual menstrual cycle length (open circle) before and after 3 and 6 months of naltrexone treatment (50
mg/day).
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mIU/mL, and 612.67 � 78.01 mIU/mL before and after 3
and 6 months).

Before naltrexone treatment there were no significant
differences in plasma E2 levels between women with PCOS
and controls (58.3 � 9.71 pg/mL in PCOS and 72.5 � 6.39
pg/mL in healthy controls). A significant (P�.05) increase in
plasma E2 levels was observed throughout the study period
(58.3 � 9.71 pg/mL vs. 106.5 � 19.75 pg/mL after 3 months
and 116.0 � 19.73 pg/mL after 6 months) (Table 2).

Androgen Secretion

The basal concentrations of total and free T, A, 17-OHP,
and DHEAS were significantly (P�.01) higher in women
with PCOS than in controls (Table 1). Plasma SHBG levels
in women with PCOS were significantly (P�.01) lower than
healthy controls (Table 1). Before treatment, T and 17-OHP
levels were correlated to insulin levels in women with PCOS
(R � 0.62 for T, P�.05, and R � 0.73 for 17-OHP).

A significant (P�.01) decrease in plasma A levels was
observed throughout the treatment period (4.08 � 0.29
ng/mL before treatment vs. 2.46 � 0.28 and 2.01 � 0.32
ng/mL after 3 and 6 months, respectively) (Table 2). Plasma
free T levels significantly (P�.01) decreased from baseline
values of 2.93 � 0.46 pg/mL to 1.92 � 0.19 pg/mL and to
1.29 � 0.17 pg/mL after 3 and 6 months of treatment,
respectively (Table 2). Plasma levels of DHEAS signifi-
cantly (P�.01) decreased from 2.26 � 0.24 �g/mL to
1.61 � 0.17 �g/mL and to 1.33 � 0.19 �g/mL after 3 and
6 months, respectively (Table 2). Plasma levels of F signif-

icantly (P�.05) decreased from 193.27 � 20.15 ng/mL to
163.16 � 21.60 ng/mL and to 152.44 � 22.18 ng/mL after
3 and 6 months of naltrexone treatment, respectively (Table
2). A slight, but not significant, decrease in plasma total T
was observed during naltrexone treatment (0.80 � 0.12
ng/mL before treatment and 0.67 � 0.11 and 0.58 � 0.09
ng/mL after 3 and 6 months of naltrexone, respectively;
Table 2). The decrease in these androgens did not correlate
with changes in insulin levels. No significant changes in
plasma levels of 17-OHP and SHBG were observed (Table
2).

Metabolic Pattern

The fasting G:I was significantly (P�.05) lower in
women with PCOS than in healthy controls (7.56 � 2.21 vs.
13.80 � 1.66; Table 1). Naltrexone treatment does not seem
to influence insulin sensitivity in all women with PCOS. In
fact, the fasting G:I ratio was not modified by naltrexone
administration (7.56 � 2.21 at baseline, 6.41 � 0.85 and
7.40 � 0.68 after 3 and 6 months; Table 2). However, when
subjects were divided according to their G:I ratio (�4.5 or
�4.5), in seven women with PCOS with G:I �4.5, the G:I
ratio significantly (P�.01) increased after 3 and 6 months of
treatment (from 3.68 � 0.27 at baseline to 6.10 � 1.08 and
to 7.02 � 0.82 after 3 and 6 months, respectively; Fig. 2).
These subjects experienced the greatest weight loss (8–19
kg). In the three women with a G:I �4.5 in which insulin
sensitivity did not improve, the weight loss during the entire
period of observation was 2, 5, and 6 kg. Moreover, in the

F I G U R E 2

Individual fasting glucose:insulin ratio before and after 6 months of naltrexone treatment in seven women with PCOS and insulin
resistance (G:I �4.5). Mean values (�SE) are also reported. *P�.01 vs. baseline values.
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seven women with PCOS with a G:I �4.5, basal plasma
insulin levels significantly (P�.05) decreased from 22.80 �
1.13 �U/mL before treatment to 15.81 � 3.79 and 13.81 �
1.82 �U/mL after 3 and 6 months of naltrexone intake,
respectively.

The stimulated plasma insulin levels after OGTT were
7,326.35 � 902.407 �U/mL � 120 minutes in controls and
they were significantly lower than in all women with PCOS
(13,072.95 � 2,106.29 �U/mL � 120 minutes, P�.05)
including women with PCOS with G:I �4.5 (15,920.35 �
2,192.53 �U/mL � 120 minutes, P�.001; Fig. 3). A signif-
icant (P�.05) decrease in the stimulated plasma insulin
levels after OGTT in women with PCOS with G:I �4.5 was
observed. In fact, the insulin AUC, from basal values of
15,920.35 � 2,192.53 �U/mL before treatment, reached
values of 11,546.57 � 1,175.77 after 3 months and
10,500.81 � 1,988.28 �U/mL after 6 months of naltrexone
(Fig. 3).

DISCUSSION

Many studies (11, 12, 20–22) indicate that endogenous
opioid peptides are involved in the endocrine–metabolic
imbalance of PCOS. Results of the present study seem to
suggest that the chronic blockade of the opioid tone with
naltrexone, a long-acting opioid antagonist, decreases the
LH release from the pituitary gland in response to GnRH in
women with PCOS, thus reducing the overall LH secretion.
Unfortunately, the lack of a control group treated with nal-
trexone in our study does not allow any conclusion about the

existence of a specific influence of the opioid tone on LH
secretion in PCOS. However, Lanzone et al. (8, 23), by using
the same dose of naltrexone for a shorter period in healthy
women and women with PCOS, demonstrated that a de-
rangement of opioid tone exists only in hyperinsulinemic
women with PCOS. Because of the majority of women
included in our study show insulin resistance, our results can
be considered in line with results of Lanzone et al. (8, 23)
who evidenced that a derangement of the opioid tone may be
related in some way to the enhanced LH response to endog-
enous GnRH. Moreover, the effect of opioids seems to be
selectively exerted on LH and not on FSH secretion. The
administration of naltrexone did not modify basal FSH levels
or FSH response to GnRH.

Although these findings support the evidence that opioids
influence gonadotropin response to GnRH, they also ques-
tion the belief that hypothalamic opioid activity is low in
women with PCOS. If a low endogenous opioid tone is
presumed to be responsible for the higher LH in women with
PCOS (6), it is unclear why the blockade of opioids, which
suppresses gonadotropin secretion, can reduce LH levels.

Experimental in vivo (24) and in vitro (25) data demos-
trated that in some conditions �-endorphin may stimulate
LH secretion by acting directly on the pituitary gland. The
administration of naloxone (an opioid antagonist) to ovari-
ectomized E2-treated rats reduces the number of pituitary
GnRH receptors (26). Vice-versa, morphine increases the
number of these receptors (27). The decrease of LH response
to GnRH during naltrexone treatment might suggest that in
these patients opioid tone influences the sensitivity of gona-
dotrop cells to GnRH.

From a clinical point of view, the most interesting result
is the improvement in menstrual cyclicity. Eighty percent of
the studied women, all with severe oligoamennorhea at base-
line, experienced a normalization of their menstrual cycles.
In addition, in six of the eight women who experienced
regular menses after 6 months of naltrexone treatment,
plasma P levels were indicative of ovulation. This improve-
ment was not evidenced in other previous studies, probably
because of the different duration of treatment. In this study
only two women did not respond to naltrexone treatment in
terms of menstrual cyclicity.

The limited number of subjects receiving the active drug
did not allow statistically significant differences between
responders and nonresponders. Whether this effect on men-
strual cycle has to be ascribed to the central effect of nal-
trexone on LH secretion or to other actions of naltrexone is
difficult to state. A decrease in appetite is a well-known
effect of naltrexone (28, 29). All the studied women de-
creased their body weight from 2 to 19 kg.

Weight loss may be the principal mechanism through
which normal menstrual cyclicity was attained. Clark et al.
(30) found that 12 of 13 subjects who had lost weight during

F I G U R E 3

Mean (�SE) of basal insulin levels after glucose load in
healthy controls (open bar) and in seven women with PCOS
and insulin resistance (G:I �4.5; shaded bar). Women with
PCOS were studied before and during naltrexone treatment.
Values are expressed as area under the curve (insulin AUC).
*P�.05 patients with PCOS during treatment vs. baseline
values. **P�.001 controls vs. patients with PCOS at baseline.
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a 6-month program of regular exercise in conjunction with
diet, resumed ovulation. In our study the improvement of
menstrual cyclicity occurred concomitantly with significant
changes in body weight. One cannot rule out that a change in
body weight may be involved. According to this hypothesis,
menstrual cyclicity might improve as a consequence of the
effect of naltrexone on body weight. It is, however, also true
that menstrual cyclicity was attained in too short a time
period to be attributed to the effects of a change in body
weight. In fact, the subjects who improved their menstrual
cyclicity during naltrexone treatment had their first men-
strual cycle within a short time (45 days) from the onset of
drug ingestion. Moreover, the two women who did not
improve their menstrual cyclicity, both decreased their body
weight as well (2 and 8 kg).

It is then possible that explanations for the improvement
of menstrual cycle length and ovulation may include factors
other than weight loss alone.

The excess of body fat in patients with this syndrome is
associated with hyperandrogenism and other metabolic dis-
turbances, such as insulin resistance and hyperinsulinemia.
Naltrexone reduces hyperinsulinemia in all women with
PCOS with a decreased insulin sensitivity (G:I �4.5). Sev-
eral studies (11, 12, 20–22) demonstrated that both acute and
short-term inhibition of the opioid tone produced a partial
reduction in hyperinsulinemia in hyperandrogenic–hyperin-
sulinemic women. Fulghesu et al. (22) reported that naltrex-
one reduces hyperinsulinemia by acting on hepatic insulin
clearance only, without affecting �-cell secretion and insulin
sensitivity as C-peptide levels and total body glucose utili-
zation do not change after 6 weeks of treatment.

In this study we did not evaluate the effect of a chronic
opioid blockade on peripheral insulin sensitivity by perform-
ing sophisticated and cost-intensive studies such as a clamp
study. We evaluated the fasting G:I ratio that was proposed
(20) as a useful test for identifying women with PCOS with
insulin resistance.

The changes in G:I ratio suggest that long-term naltrex-
one treatment also affects insulin sensitivity. When the opi-
oid tone is chronically inhibited for 6 months, an increase in
the insulin sensitivity occurs as demonstrated by a change in
fasting G:I ratio in women with PCOS with insulin resis-
tance. Thus, the changes in the insulin resistance might be
related not only to the effect on insulin metabolism, but also
to an improvement in insulin sensitivity. However, one can-
not exclude the effect of weight loss on insulin function.
Insulin sensitivity and glucose uptake have been demon-
strated to increase after a reduction in BMI obtained with a
hypocaloric regimen only (31, 32).

On the basis of our results this last effect seems to take
longer to become evident; no change in insulin resistance
was evidenced after 3 months of observation despite weight
loss. On this basis, we can suppose that, although the acute

response to naloxone acts chiefly on hepatic insulin clear-
ance, the chronic administration of naltrexone may also lead
to an improvement in insulin sensitivity in women with
PCOS with insulin resistance through changes in body
weight. Why insulin sensitivity did not improve in the three
women with a pretreatment G:I ratio of �4.5 despite their
weight loss (2, 5, 6 kg) is not clear.

Plasma concentrations of A, free T, DHEAS, and F de-
creased during the 6 months of observation. An unexpected
finding is the lack of changes in SHBG despite the decrease
in BMI and free T and the increase in estrogens. The de-
crease in LH secretion might only partially account for the
decrease of some androgens. Although insulin may affect
adrenal androgens and F production (33), reduction of insu-
lin by different methods (e.g., diazoxide, octreotide, or
weight loss) does not always change the circulating levels of
DHEAS and A (34, 35). Therefore, it is likely that the effect
of insulin is minor. This may justify why neither F nor the
decrease of any of these androgens was correlated to the
decrease in insulin levels in the present study. Because
several factors may be implicated in the adrenal androgen
excess in PCOS, it is difficult to determine a specific cause
leading to the decrease in androgens.

In conclusion, although the sample of women treated is
too small to draw definite conclusions, our data seem to
suggest clinical benefits obtained from the opioid blockage
with an antagonist such as naltrexone on the endocrine–
metabolic disturbance in women with PCOS. Whether these
beneficial effects are mediated by the effect of naltrexone on
the opioid system or are the consequence of a decrease in
body weight observed during treatment cannot be estab-
lished at the present time. Other studies performed on a
greater number of subjects with the inclusion of a control
group might help to clarify this issue.
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