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Context: Although metformin has been shown to be effective in the
treatment of anovulation in women with polycystic ovary syndrome
(PCOS), clomiphene citrate (CC) is still considered to be the first-line
drug to induce ovulation in these patients.

Objective: The goal of this study was to compare the effectiveness of
metformin and CC administration as a first-line treatment in anovu-
latory women with PCOS.

Design: We describe a prospective parallel randomized, double-blind,
double-dummy controlled clinical trial.

Setting: The study was conducted at the University “Magna Graecia”
of Catanzaro, Catanzaro, Italy.

Patients: One hundred nonobese primary infertile anovulatory
women with PCOS participated.

Interventions: We administered metformin cloridrate (850 mg twice
daily) plus placebo (group A) or placebo plus CC (150 mg for 5 d from
the third day of a progesterone withdrawal bleeding) (group B) for 6
months each.

Mean outcome measures: The main outcome measures were ovu-
lation, pregnancy, abortion, and live-birth rates.

Results: The subjects of groups A (n � 45) and B (n � 47) were studied
for a total of 205 and 221 cycles, respectively. The ovulation rate was
not statistically different between either treatment group (62.9 vs.
67.0%, P � 0.38), whereas the pregnancy rate was significantly higher
in group A than group B (15.1 vs. 7.2%, P � 0.009). The difference
found between groups A and B regarding the abortion rate was sig-
nificant (9.7 vs. 37.5%, P � 0.045), whereas a positive trend was
observed for the live-birth rate (83.9 vs. 56.3%, P � 0.07). The cu-
mulative pregnancy rate was significantly higher in group A than
group B (68.9 vs. 34.0%, P � 0.001).

Conclusions: Six-month metformin administration is significantly
more effective than six-cycle CC treatment in improving fertility in
anovulatory nonobese PCOS women. (J Clin Endocrinol Metab 90:
4068–4074, 2005)

POLYCYSTIC OVARY SYNDROME (PCOS) is one of the
most common reproductive endocrinopathies, affect-

ing approximately 5–10% of women of reproductive age (1).
Although various criteria have been proposed for the diag-
nosis of PCOS (2, 3), oligoanovulation due to ovarian dys-
function continues to be the pivotal feature that makes this
syndrome the major cause of anovulatory infertility in de-
veloped countries (4).

In fact, some approaches have been proposed to induce the
ovulation in women with PCOS (5).

Clomiphene citrate (CC) was the first agent used in ex-
periments for ovulation induction in oligomenorrheic
women by Holtkamp et al. (6). It was then introduced into
general clinical practice by Greenblatt (7, 8). For many years
it represented the first therapeutic option managing anovu-
latory infertility (5). CC acts by various mechanisms; its ac-
tion can be explained with double-estrogenic and antiestro-
genic activity (9). Mainly CC exerts an antiestrogenic action,
thereby increasing the pulse frequency and concentration of
the FSH and LH, with an increase of ovarian follicles reach-
ing ovulation (9).

The treatment with CC in anovulatory PCOS women is
related to an ovulation rate of 60–85% and a pregnancy rate
of 30–40% (10). The exact explanation for the discrepancy
between ovulation and pregnancy rates is unknown, but
several possible hypotheses have been suggested (11). Today
CC is routinely used by many endocrinologists and gyne-
cologists to treat infertile anovulatory PCOS patients due to
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the low costs, the limited dose-dependent side effects, and
the simplicity of administration and management (no need
for ongoing monitoring) (5).

Metformin cloridrate, an oral biguanide for type 2 diabetes
mellitus, is a safe and effective drug that is recently used for
the treatment of PCOS patients (12–15). The administration
of metformin improves clinical and biochemical features of
PCOS and induces ovulatory cycles in anovulatory CC-
resistant or nonresistant patients with PCOS (12–15). It also
improves the ovulation rate as an additional treatment in
women who received CC (12–15). Systematic reviews (13–15)
have confirmed the efficacy of metformin for the treatment
of anovulatory infertile PCOS patients, whereas in terms of
pregnancy rate, there are few data in literature regarding the
effectiveness of metformin. Nevertheless, a significant ad-
vantage in all reproductive outcomes has been more recently
observed after metformin administration when compared
with laparoscopic ovarian diathermy as the second step for
the management of anovulation in CC-resistant PCOS
women (16).

Despite the fact that the use of metformin has been sug-
gested as the first-line treatment to induce ovulation in pa-
tients with PCOS (17), until now no head-to-head study
comparing CC with metformin has been performed. Based
on these considerations, the aim of the present trial was to
compare the efficacy of metformin to CC as the first-line
treatment for the anovulatory infertility in nonobese women
with PCOS in a randomized, double-blind, double-dummy,
controlled fashion.

Patients and Methods
Patients

Between April 2003 and September 2003, a total of 100 nonobese
primary infertile anovulatory women with PCOS were enrolled.

The diagnosis of PCOS was made according to the National Institutes
of Health criteria (2). The exclusion criteria for all subjects included: age
younger than 20 or older than 34 yr; body mass index (BMI) higher than
30 kg/m2 (18); neoplastic, metabolic (including glucose intolerance),
hepatic, and cardiovascular disorders or other concurrent medical ill-
nesses; hypothyroidism, hyperprolactinemia, Cushing’s syndrome, and
nonclassical congenital adrenal hyperplasia as excluded by appropriate
tests; and current or previous (within the last 6 months) use of oral
contraceptives, glucocorticoids, antiandrogens, ovulation induction
agents, antidiabetic and antiobesity drugs, or other hormonal drugs.
Other exclusion criteria were as follows: no uterine bleeding after pro-
gesterone challenge test (100 mg natural progesterone im; Prontogest,
Amsa, Rome, Italy); organic pelvic diseases; previous pelvic surgery;
suspected peritoneal factor infertility; and tubal or male factor infertility.
The tubal and male factors of infertility were excluded with a hystero-
salpingogram and semen analysis, respectively. We also excluded
women who intended to start a diet or specific program of physical
activity. All subjects had a normal physical activity, and none drank
alcoholic beverages.

Protocol and treatment

The procedures used were in accordance with the guidelines of the
Helsinki Declaration on human experimentation. The study was ap-
proved by the Institutional Review Board of the University “Magna
Graecia” of Catanzaro. The purpose of the protocol was carefully ex-
plained to all the women, and written consent was obtained before
beginning the study.

At study entry, all subjects underwent venous blood drawing to
evaluate the complete hormonal assays, serum glucose, and insulin
levels. All blood samples were obtained in the morning between 0800

and 0900 h after a 3-d, 300-g carbohydrate diet and 12-h overnight fasting
and resting in bed during the early proliferative phase (second to third
day) of the progesterone-induced withdrawal uterine bleeding (100 mg
natural progesterone im). Blood samples (5 ml) were collected in tubes
containing EDTA after a 30-min resting period in the supine position.
The samples were immediately centrifuged at 4 C for 20 min at 1600 �
g, and plasma samples were stored at �20 C. Plasma hormone concen-
trations were measured by specific RIA as previously reported (19).
SHBG levels were measured also using an immunoradiometric assay
(19). Serum insulin was measured by a solid-phase chemiluminescent
enzyme immunoassay using commercially available kits. Blood glucose
levels were determined by the glucose oxidase method (19).

For each subject the homeostasis model of assessment [fasting glucose
(millimoles per liter) � fasting insulin (microunits per milliliter)/22.5],
the fasting glucose to insulin ratio (milligrams per 10�4 units), and the
free androgen index [testosterone (nanomoles per liter)/SHBG � 100])
were calculated.

Glucose and insulin values were also detected after the oral glucose
tolerance test (OGTT). Glucose and insulin concentrations were specif-
ically measured 30 min after the insertion of an iv catheter to detect the
fasting levels (time 0) before OGTT. Afterward, each subject orally
received a load of 75 g glucose. Further blood samples (10 ml each) were
obtained at 30-min intervals for the following 2 h during the infusion
period (times 30, 60, 90, and 120), and glucose and insulin concentrations
were determined. Glucose intolerance was assessed by World Health
Organization criteria (20). For each patient the area under curve (AUC)
and the AUCglucose to AUCinsulin ratio were calculated (21).

At baseline in each patient, the same operator calculated the modified
Ferriman-Gallwey score (22); evaluated the patients’ daily physical ac-
tivity, job, and daily activities using a semiquantitative questionnaire
(23); performed a transvaginal ultrasonography (TV-USG); and assessed
the anthropometric measurements. The anthropometric measurements
included height, weight, BMI and waist to hip ratio (WHR). Body height
and weight were measured without shoes and clothes, respectively. BMI
was measured as the ratio between the weight and the square of the
height (kilograms per square meter). WHR was calculated as the ratio
between the smallest circumference of torso (between the 12th rib and
the iliac crest) and the circumference of the hip (considered as the
maximal extension of the buttocks). WHR was calculated with the pa-
tients in standing position with relaxed abdomen, arms at sides, and
joined feet.

The subjects were then randomly allocated into two treatment groups
of 50 women each (groups A and B). The randomization was carried out
using an online software (www.randomization.it) to generate a random
allocation sequence in double block as method of restriction. The ran-
dom allocation sequence was concealed until the interventions were
assigned. Group A was treated with metformin cloridrate (Metforal,
Laboratori Guidotti, Pisa, Italy) at a dosage of 850 mg twice daily plus
placebo tablets (three tablets daily for 5 d starting from the third day of
a progesterone-induced withdrawal bleeding; 10 mg natural progester-
one im), whereas group B received placebo tablets (two tablets daily)
plus CC (Serophene, Serono, Rome, Italy) at a dosage of 150 mg (three
tablets) for 5 d starting from the third day of a progesterone-induced
withdrawal bleeding. The placebo consisted of polyvitamins tablets
similar in appearance to metformin and/or CC. The patients were in-
structed to take the tablets with their meals. The drug and the placebo
were packaged in the pharmacy of the University of Catanzaro and
labeled according to subject number. The duration of treatment was 6
months. For the overall study period, operators and patients were blind
to the treatment allocation.

After 6 months of treatment, women who did not achieve ovulation
in groups A and B were administered CC and metformin, respectively,
at the same doses and regimens as described above (cross-over). PCOS
women having ovulatory cycles who did not achieve a pregnancy were
treated with three trials of controlled ovarian stimulation followed by in-
trauterine insemination before assisted reproductive techniques (10–12).

Throughout the study, no change in diet and physical activity was
implemented. On the contrary, the subjects were instructed to follow
their usual diet and physical activity. Patients who became pregnant
throughout the study suspended the treatments.

Each patient underwent serial TV-USG measurements by the same
experienced operator using an ultrasonic scanner (Aplio, Toshiba Med-
ical Systems, Rome, Italy) equipped with a 7.5-MHz vaginal probe. Scans
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were performed every 3 d beginning on the seventh day after treatment
starting (for the first cycle) and after the onset of menses. When the
follicular dimensions (arithmetic mean of the two main diameters of the
follicle) achieved at least 16 mm, the TV-USG was performed daily.
When the follicle dimensions yielded at least a mean diameter of 18 mm,
each woman was asked to have intercourse four times every 2 d. No
agent to induce ovulation, e.g. human chorionic gonadotropin, was
administered throughout the study.

During the study, the ovulation, pregnancy, abortion, and live-birth
rates were evaluated in each woman. The ovulation was retrospectively
defined with the observation of a decrease in follicular dimensions and
liquid in the cul-de-sac and confirmed by plasma P assay greater than
10 ng/ml (SI 32 nmol/liter). Anovulatory women received a further dose
of 100 mg natural progesterone im, in the absence of spontaneous with-
drawal bleeding after 40 d from last progesterone-induced uterine
bleeding.

Ovulation rate was calculated as the percentage of ovulatory cycles
per total cycles. The pregnancy rate was defined as the percentage of
pregnancies per total cycles. A rising �-human chorionic gonadotropin
and the sonographic evidence of intrauterine gestational sac were con-
sidered criteria to define a pregnancy. The abortion rate was defined as
a percentage of miscarriage during the first 12 wk of gestation per total
pregnancies. The live-birth rate was obtained after a 9-month extension
of the follow-up period and was defined as a percentage of women with
baby alive per women who achieve a pregnancy.

Subjects were instructed to report the characteristics of their men-
strual cycle and the onset of any adverse experiences (AEs) in a daily
diary. The length and frequency (percentage of observed menses per
number of expected menses) of the menstrual bleedings were evaluated.
The quantity of the cyclical uterine bleedings was also evaluated sub-
jectively by each woman using a rank analog scale ranging from 1 to 10.
A value of 0 was given arbitrarily in the absence of menses; a value of
5 was given for uterine bleedings defined as normal and a value of 10
for uterine bleeding defined as severe. For each AE reported in the daily
diary, the severity, duration, and a possible cause-effect relationship
with drug administrations was noted. To evaluate the compliance with
the treatment and protocol, the number of skipped tablets, the changes
in diet, physical activity, and weight as well as the timing of the inter-
courses were also recorded in the same diary.

Standard clinical evaluations and laboratory analysis, including he-
matological, renal function and liver function tests, and microscopic
examinations of sediment from midstream urine specimens were per-
formed at study entry and after 6 months of treatment.

Statistical analysis

Considering that our study population was made up of infertile
patients, the primary end point of our trial was the pregnancy rate. From
the literature we estimated that the expectant cumulative pregnancy rate
after control treatment (CC administration) ranged between 30 and 40%
(10), and after experimental treatment (metformin administration) was
approximately 70% (16). The sample size calculation was based on the
hypothesis that after treatment, 40% of patients in the control group
would be pregnant, compared with 70% in the experimental group. This
computation assumes that the difference in proportions is �0.30 (spe-
cifically, 0.40 vs. 0.70). This effect was selected as the smallest effect that
it would be important to detect, in the sense that any smaller effect would
not be of clinical or substantive significance. It is also assumed that this
effect size is reasonable, in the sense that an effect of this magnitude
could be anticipated in this field of research. With a two-tailed test of
alpha � 0.05 and beta � 0.20, two groups of 42 patients each were
required to yield a statistically significant result. To allow an unpre-
dictable number of withdrawals, we decided to enroll a total of 100
patients in the expectation that at least 42 patients would be left in each
group.

Data were expressed as mean � sd and analyzed by using the
intention-to-treat method. The Kolmogorov-Smirnov statistic with a
Lilliefors significance level was used for testing normality, and the
unpaired t test and the Mann-Whitney U test were applied appropri-
ately. For categorical variables, the Pearson �2 test was performed;
conversely the Fisher’s exact test was required for the frequency tables
when more than 20% of the expected values were less than 5. P � 0.05
or less was considered significant. The Statistics Package for Social
Science (SPSS 13.0; SPSS Inc., Chicago, IL) was used for statistical anal-
yses. The number needed to treat (NNT) was calculated with StatsDirect
(release 2.4.3, Cheshire, UK).

Results

An overview of the trial is shown in Fig. 1. The numbers
of withdrawals were similar in the two groups (five and three
women in groups A and B, respectively). Four patients (three
and one in groups A and B, respectively) were specifically
excluded because they missed their first follow-up visit. One
woman from each group was excluded in the final analysis
due to lack of compliance with the treatment (they did not
assume tablets during the first 3 wk for drug-related AEs).

FIG. 1. An overview of the trial.
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Finally, one woman in each group was excluded because of
a reduction in body weight (�5% from basal value) was
observed after the first 3 months of the study (Fig. 1).

The patients’ characteristics are presented in Table 1. After
randomization, no difference was detected in any clinical,
hormonal, and metabolic parameter between the treatment
groups (Table 1). The two groups were similar for the per-
centage of normal-weight (BMI � sd; 22.3 � 2.0 vs. 22.6 � 2.1
kg/m2 for groups A and B, respectively) and overweight
(BMI � sd; 28.3 � 1.2 vs. 28.2 � 1.3 kg/m2 for groups A and
B, respectively) PCOS women. No woman in either group
was lean.

At study entry, all women had polycystic ovaries at TV-
USG examination

Results included in the present study were obtained from
a total of 92 patients; 45 and 47 subjects in groups A and B,
respectively. The subjects of groups A and B were studied for
a total of 205 and 221 cycles, respectively. Considering the
sample size included in the final analysis (Fig. 1), the data
obtained (as below detailed) had a poststudy power greater
than 95% for the primary end point (cumulative pregnancy
rate).

Table 2 shows the ovulation and pregnancy rates for each
month of treatment in both groups. The cumulative ovula-
tion rate over the 6-month period was not statistically dif-
ferent between both treatment groups [62.9 (129 of 205) vs.
67.0% (148 of 221) in groups A and B, respectively; P � 0.38],
whereas the pregnancy rate per ovulatory cycle resulted
significantly higher in group A in comparison with group B
[15.1 (31 of 205) vs. 7.2% (16 of 221) in groups A and B,
respectively; P � 0.009]. The resulting differences in the
abortion rate found between the groups were significant [9.7
(three of 31) vs. 37.5% (six of 16) in groups A and B, respec-
tively; P � 0.045], whereas a positive trend was observed for
the live-birth rate [83.9 (26 of 31) vs. 56.3% (nine of 16) in
groups A and B, respectively; P � 0.07].

None of the women had multiple pregnancies in either
group

Twenty-eight patients with ongoing pregnancies for
group A and 10 for group B were checked during the
9-month follow-up extension. In group A, there was a pre-
mature rupture of membranes at 28 wk of gestation with a
following neonatal death and an intrauterine fetal death at 32
wk of gestation for unexplained causes. In group B, there was
a massive abruptio placentae with acute fetal distress and
then fetal death at 36 wk of gestation. One case of pregnancy-
induced hypertension was observed in group A, whereas
two cases of glucose intolerance were detected in group B.
The delivery was vaginal in 73.1% (19 of 26) and 77.8% (seven
of nine) pregnancies for group A and B, respectively. In the
other cases, a cesarean section was performed due to various
causes, whereas no vacuum extractor or forceps were used
in any case. The Apgar score at 5 and 10 min did not differ
between the two groups. No malformation was detected in
both groups.

After 6 months of treatment, a significant difference was
observed in the cumulative pregnancy rate [68.9% (31 of 45)
vs. 34.0% (16 of 47) for groups A and B, respectively; P �
0.001]. Considering the pregnancy as a treatment-related
event, the NNT was of three benefits (two to seven benefits;
95% confidence interval).

At the end of the 6-month treatment, 6.7% (three of 45) and
34.0% (16 of 47) PCOS women in groups A and B, respec-
tively, were still oligo- or amenorrheic (P � 0.02), whereas
24.4% (11 of 45) and 31.9% (15 of 47) PCOS women in groups
A and B, respectively, having ovulated (as detected by serial
TV-USG assessments and P assay), did not become pregnant
(P � 0.43).

Throughout the study, the length, quantity, and frequency
of uterine bleedings did not differ between the two treatment
groups (data not shown).

During the study, the two treatment schedules were gen-
erally well tolerated, and the total incidence of all AEs was
not significantly different between the two groups. No se-

TABLE 1. Clinical, hormonal, and metabolic data of anovulatory
PCOS women after randomization

Group A Group B P
Treatment metformin

plus placebo
clomiphene
plus placebo

Age (yr) 26.4 � 2.9 25.9 � 2.7 0.37
BMI (kg/m2) 27.0 � 2.9 26.7 � 2.8 0.60
Overweight patients [n (%)] 39/50 (78) 38/50 (76) 0.81
Normal-weight patients

[n (%)]
11/50 (22) 12/50 (24)

WHR 0.87 � 0.5 0.86 � 0.4 0.91
Duration of infertility

(months)
19.2 � 4.6 20.3 � 4.1 0.21

Modified Ferriman-Gallwey
score

15.8 � 3.0 15.2 � 2.8 0.30

Physical activity scorea 1.7 � 0.4 1.8 � 0.5 0.27
Cigarettes smoked (n/d) 4.3 � 4.1 5.2 � 3.7 0.25
FSH (mIU/ml) 7.6 � 1.9 8.1 � 2.1 0.67
LH (mIU/ml) 17.8 � 4.9 19.0 � 5.1 0.23
TSH (�U/ml) 2.7 � 0.5 2.6 � 0.6 0.37
PRL (ng/ml) 8.9 � 2.6 9.7 � 2.7 0.13
E2 (pg/ml) 36.9 � 9.7 34.0 � 8.3 0.11
P (ng/ml) 0.7 � 0.5 0.6 � 0.4 0.27
17-OHP (�g/liter) 1.7 � 0.4 1.8 � 0.6 0.33
T (ng/ml) 0.9 � 0.3 1.0 � 0.3 0.10
A (ng/ml) 1.6 � 0.3 1.7 � 0.2 0.05
DHEAS (ng/ml) 2,649 � 386 2,704 � 452 0.51
SHBG (nmol/liter) 26.7 � 6.4 27.2 � 7.2 0.71
FAI (%) 12.6 � 6.3 13.7 � 6.5 0.39
Fasting glucose (mg/dl) 78.9 � 10.3 82.7 � 10.1 0.07
Fasting insulin (�U/ml) 19.5 � 5.4 20.4 � 5.6 0.42
GIR (mg/10�4 U) 4.1 � 1.3 4.2 � 1.4 0.71
HOMA 3.8 � 1.6 4.2 � 1.2 0.16
OGTT

AUCglucose (mg/dl per
120 min)

15,797 � 5,342 16,893 � 4,665 0.27

AUCinsulin (�U/ml per
120 min)

16,976 � 4,576 18,143 � 5,679 0.26

AUCglucose to AUCinsulin
ratio

1.3 � 0.7 1.4 � 0.7 0.28

Data are expressed as mean � SD. PRL, Prolactin; E2, 17�-estra-
diol; P, progesterone; 17-OHP, 17-hydroxy progesterone; T, testos-
terone; A, androstenedione; DHEAS, dehydroepiandrosterone sul-
fate; FAI, free androgen index; GIR, glucose to insulin ratio; HOMA,
homeostasis model of assessment. The biochemical assays are re-
ported in metric units. Conversion factor for SI: A, 3492 (nanomoles
per liter); DHEAS, 0.002714 (micromoles per liter); F2, 3.671 (pico-
moles per liter); FSH, 1.0 (international units per liter); fasting glu-
cose, 0.05551 (nanomoles per liter); fasting insulin (7.175 picomoles
per liter); LH, 1.0 (international units per liter); 17-OHP, 3.026 (nano-
moles per liter); P, 3.180 (nanomoles per liter); PRL, 1.0 (micrograms
per liter); T, 3.467 (nanomoles per liter); TSH, 1.0 (milliunits per liter).

a 1, Low; 2, moderate; 3, high.

Palomba et al. • Clomiphene vs. Metformin for Ovulation Induction in PCOS J Clin Endocrinol Metab, July 2005, 90(7):4068–4074 4071

D
ow

nloaded from
 https://academ

ic.oup.com
/jcem

/article/90/7/4068/2837288 by guest on 20 August 2022



rious AE or laboratory abnormalities were reported in either
group during the study. The distribution of drug-related AEs
was also not significantly different between the two groups
[22.2% (10 of 45) vs. 19.1% (nine of 47) for groups A and B,
respectively; P � 0.72]. The drug-related AEs specifically
consisted of diarrhea, flatulence, and nausea during met-
formin administration, whereas headache, hot flushes, and
nervousness were present during CC administration. As re-
ported before, one case for each group stopped the treatment
for drug-related AEs.

Discussion

The goal for the treatment of anovulatory infertility is the
induction of monoovulatory cycles (24). The use of gonad-
otropins for the ovulation induction in anovulatory PCOS
women has been extensively studied, showing a high success
rate (25). Furthermore, during gonadotropin administration,
there is a need for an experienced operator and careful sono-
graphic and biochemical monitoring to avoid or reduce the
risk of ovarian hyperstimulation and multiple pregnancies,
particularly higher in PCOS patients due to frequent multi-
follicular growth. Moreover, the treatment with gonadotro-
pins requires a relevant investment of time and money. For
these reasons, several treatments have been proposed to in-
duce the monoovulation in women with PCOS before go-
nadotropin use (4, 5). Nevertheless, because CC has been
introduced for ovulation induction (7, 8), until now no treat-
ment has displaced this drug as a first therapeutic option in
the management of anovulatory infertility (4, 5).

Our data confirm that not only is CC administration re-
lated with a high rate of ovulations (16) in PCOS patients but
also that a percentage of subjects remains anovulatory after
CC treatment or, having ovulated with CC, does not become
pregnant (16). In fact, in the present study, the ovulation rate
after CC use was 67%, whereas the pregnancy rate was only
approximately 37%. Many mechanisms have been proposed
to explain this figure, such as the antiestrogenic effects on the
endometrium, cervical mucus, uterine blood flow, the influ-
ences on tubal transport and oocyte quality and maturity,
and the increased risk in subclinical pregnancy loss (5, 11).

In 1994 Velazquez et al. (26) first showed that a drug with
insulin-sensitizing action (i.e. metformin cloridrate) was ef-
fective in PCOS patients in improving the hormonal and
metabolic pattern and facilitating normal menstrual cycles
and pregnancy. Both observational (12) and randomized,
controlled trials (13–15) have successively confirmed the ef-

fectiveness of metformin in PCOS women in terms of men-
strual cyclicity and/or ovulation. Metformin has shown to be
effective in PCOS, increasing the ovulation rate in patients
later treated with CC and improving the response to CC in
CC-resistant patients with PCOS (12–15). Finally, we have
recently demonstrated that metformin is more cost-effective
than laparoscopic ovarian diathermy as a second-step pro-
cedure in treating overweight CC-resistant PCOS women
(16).

Our findings confirm that metformin is effective in induc-
ing ovulation in a broad range of PCOS women (i.e. normal-
weight and overweight patients). Moreover, our data show
the effectiveness of metformin treatment not only for the
ovulation induction but also in achieving a pregnancy. In
particular, the cumulative ovulation rate over 6 months was
not different between the metformin and CC groups,
whereas the pregnancy rate was significantly higher with the
use of metformin. In consideration of a NNT of 3, these data
results are clinically remarkable.

A different trend was observed during the 6 months of
treatment in the two therapeutical approaches. Specifically,
whereas the efficacy of metformin increased throughout the
study, a reduction in CC effectiveness was detected. The
positive trend in ovulation and pregnancy rates observed in
the present sample of anovulatory PCOS patients under met-
formin treatment was very similar to that observed in an our
previous study in CC-resistant subjects (16), showing that
metformin acts on reproductive functions of PCOS subjects
independently from CC resistance.

The effect of metformin administration in pregnancy has
been analyzed by several metaanalyses showing that met-
formin has no benefit vs. placebo, whereas metformin plus
CC is about 3.5-fold more effective than CC alone (14, 15).
Furthermore, a direct and appropriate comparison between
metformin and CC has never been performed in any study.

This study is the first clinical trial having a head-to-head
comparison between metformin and CC as the first-line treat-
ment to ovulation induction in anovulatory PCOS patients.
Although Legro and Myers (27) suggested the use of a pri-
mary outcome in clinical trials, the present study was pow-
ered on a surrogate clinical end point (i.e. cumulative preg-
nancy rate). Furthermore, this last end point has a strong
correlation with the ideal primary outcome (i.e. healthy live
births).

After 6 months of treatment, the abortion rate was signif-
icantly lower in PCOS women treated with metformin in

TABLE 2. Ovulation and pregnancy rates in PCOS women treated with metformin cloridrate (group A) or CC (group B) during each cycle
of treatment

Cycle
Ovulation rate

[no. ovulatory cycles/no. cycles (%)]
Pregnancy rate

[no. pregnancies/no. cycles (%)]

Group A Group B P Group A Group B Pa

1 19/45 (42.2) 39/47 (83.0) �0.001 3/45 (6.7) 6/47 (12.8) 0.49
2 24/42 (57.1) 33/41 (80.5) 0.02 4/42 (9.5) 5/41 (12.2) 0.74
3 25/38 (65.8) 25/36 (69.4) 0.74 6/38 (15.8) 2/36 (5.6) 0.26
4 22/32 (68.8) 19/34 (55.9) 0.28 5/32 (15.6) 2/34 (5.9) 0.25
5 21/27 (77.8) 17/32 (53.1) 0.049 6/27 (22.2) 1/32 (3.1) 0.04
6 18/21 (85.7) 15/31 (48.4) 0.006 7/21 (33.3) 0/31 (0.0) 0.001

Data were analyzed using �2 test unless otherwise specified.
a Fisher’s exact test.
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comparison with those treated with CC. The abortion rate
observed in the metformin group was very low and com-
parable with those obtained in our previous trial (16). Be-
cause metformin was administered until the diagnosis of
pregnancy (28), we can hypothesize that the known benefi-
cial effects of metformin on pregnancy was exerted in our
sample population by an action on oocytes and/or embryos
and/or endometrium (29, 30). On the contrary, a high rate of
abortion was detected in PCOS patients treated with CC. In
this regard it has been already demonstrated that PCOS
women have a high risk of abortion (31), and CC probably
increases this risk (5, 11).

Although no randomized, controlled trial has been con-
ducted to study the efficacy of metformin in obese vs. nono-
bese women with PCOS, there are contrasting data regarding
the effectiveness of metformin in PCOS patients with differ-
ent BMI (32–34). Morin-Papunen et al. (34) showed that met-
formin is effective in obese PCOS patients, whereas it was
previously demonstrated that nonobese women with PCOS
have a higher benefit from metformin administration than
obese PCOS patients (32, 33). In addition, a well-recognized
relationship was observed between obesity and abortion
and/or complicated pregnancy (35, 36). For these reasons,
we selected only nonobese PCOS women as a study
population.

Another important confounding factor in several studies
is the weight loss as an independent factor for the improve-
ment of the menstrual cyclicity, ovulation, and fertility (37–
39). Certainly lifestyle changes are a first-line intervention in
women with PCOS who are obese. In this view, PCOS sub-
jects who intended to start a diet or increase their physical
activity were encouraged but excluded from the present
study protocol to avoid the interference of this pivotal factor.
For the same reasons, women who also had diet- or physical
activity-related weight changes throughout the study were
excluded from the final analysis.

Both metformin and CC were similarly well tolerated, and
only in a very low percentage of cases was the treatment
suspended for the appearance of drug-related AEs. Gastro-
intestinal side effects were observed during metformin ad-
ministration, whereas the CC-related AEs consisted of hy-
poestrogenic symptoms.

In conclusion, our results demonstrate that both CC and
metformin administration are two similarly and highly ef-
fective drugs for inducing regular ovulatory cycles in nono-
bese anovulatory women with PCOS. The higher cumulative
pregnancy rate observed with metformin treatment demon-
strates that metformin is more effective than CC in treating
the anovulatory infertility in nonobese PCOS women. Data
on a larger sample are also needed to demonstrate the effect
on live-birth rate.
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