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Metformin administration modulates and
restores luteinizing hormone spontaneous
episodic secretion and ovarian function in
nonobese patients with polycystic ovary
syndrome

Alessandro D. Genazzani, M.D., Ph.D.,? Cesare Battaglia, M.D.,°
Barbara Malavasi, M.D.,? Claudia Strucchi, M.D.,2 Francesca Tortolani, M.D.,? and
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Objective: To evaluate the effects of metformin administration on spontaneous LH episodic release in agroup
of nonobese polycystic ovary (PCOS) patients.

Design: Controlled clinical study.
Setting: PCOS patients in a clinical research environment.
Patient(s): Twenty nonobese PCOS patients were enrolled after informed consent.

Intervention(s): All patients underwent hormonal evaluations and a pulsatility study (sampling every 10
minutes for 4 hours) before and at the sixth month of therapy (metformin, 500 mg, p.o. b.i.d.). Ultrasound
examinations and Ferriman-Gallwey scoring were also performed.

Main Outcome Measure(s): Measurements of plasma LH, FSH, estradiol (E,), androstenedione (A),
17-hydroxy-progesterone (17-OHP), and testosterone (T), glucose, insulin, and C-peptide concentrations.

Result(s): After 6 months of metformin administration, the plasmalLH, 17-OHP, A, and T levelsand LH/FSH
ratio were significantly reduced. Insulin sensitivity, expressed as the glucose-to-insulin ratio, was significantly
improved under glucose load after 6 months of treatment. Spontaneous LH episodic release showed a
significant reduction in pulse amplitude with no changes in pulse frequency. Menstrual cyclicity was restored
in al amenorrheic and oligomenorrheic women. The ovarian volume and Ferriman-Gallwey scores also were
significantly reduced.

Conclusion(s): Metformin administration improves reproductive axis functioning in hyperandrogenic nono-
bese PCOS patients. By acting on the ovary and restoring normal ovarian activity, metformin positively
modul ates the reproductive axis (namely GnRH-LH episodic release). (Fertil Steril® 2004;81:114—-9. ©2004
by American Society for Reproductive Medicine.)
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Polycystic ovary syndrome (PCQOS) is typi-
cally characterized by hyperandrogenism,
anovulation, and metabolic disturbances in
both obese and nonobese women (1-4). It has
been recently observed that insulin resistance
and hyperinsulinemia are relevant causal fac-
torsininducing the endocrine disorders that are

effectivein restoring menstrual cyclicity and/or
ovulation in overweight PCOS patients, thanks
to the reduction in fat mass and the increase in
tissue insulin sensitivity.

In recent years, several studies have demon-
strated the efficacy of insulin-sensitizing com-
pounds such as metformin in reducing PCOS-
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associated with PCOS (5-7). Such findings
have provoked the development of specific
therapeutic strategies intended to reduce the
hyperinsulinemic condition. This confirmed
the clinical observation that weight loss was

associated hyperinsulinemia and in correcting
most of the endocrine and metabolic abnormal-
ities found in women with PCOS (1, 2, 8).
Among the available compounds, metformin, a
water-soluble oral biguanide, enhances insulin



sengitivity in the liver, where it inhibits hepatic glucose
production, and in the muscle tissue, where it improves the
glucose uptake and use (8, 9). Metformin iswell tolerated as
it does not cause episodes of hypoglycemia (10) and has no
direct effect on insulin secretion by the pancreatic cells (11).

The metformin-induced decrease in hyperinsulinemia un-
derlies significant modifications in ovarian response to go-
nadotropin stimulation (3, 4, 7, 8, 12-15). The aim of the
study is to evaluate the specific changes induced by long-
term metformin administration on the spontaneous episodic
release of LH in a group of nonobese hyperandrogenic
PCOS patients.

MATERIALS AND METHODS

Patients

Twenty women with PCOS aged 20 to 28 years were
recruited for this study. These patients were selected from
among the patient population attending the Gynecological
Endocrinology Center at the University of Modena accord-
ing to the following criteria: presence of micropolycystic
ovaries at ultrasound; plasma androstenedione levels equal
to or above the normal laboratory range (3 ng/100 mL;
conversion factor to pmol/L: 34.92) and LH/FSH >2.5;
absence of enzymatic adrenal deficiency and/or other endo-
crine disease; hirsutism and/or acne, from grade mild to
severe; normal prolactin (PRL) levels (range: 5 to 25 ng/
mL); no hormonal treatment for at least 6 months before the
study; and body mass index (BMI) below 25.

All patients were from 5% to 15% above their ideal body
weight; the mean BMI was 22.5 = 1.1. The glucose-to-
insulin ratio, in baseline conditions, was >4.5 in all patients.
Twelve patients were amenorrheic, and eight were oligo-
menorrheic (menstrual cycle every 50 days or more).

Patients were treated with metformin (Metforal; Guidotti,
Pisa, Italy), 500 mg, p.o. b.i.d., 20 to 30 minutes before lunch
and dinner, for 6 months. All patients underwent a pulsatility
study on day 7 of the menstrua cycle if eumenorrheic or
oligomenorrheic and on day 7 of the first menstrual cycle
occurring after the fifth month of treatment. The pulsatility
study for LH and FSH determinations was carried out for 4
hours, sampling every 10 minutes. On the same day, plasma
estradiol (E,), androstenedione (A), 17-hydroxy-progester-
one (17-OHP), and testosterone (T) levels were determined.
The following day al patients underwent an oral glucose
tolerance test (OGTT) for insulin, glucose, and C-peptide
determinations, sampling 15 minutes before, and 30, 60, 90,
120, and 240 minutes after the oral consumption of 100
grams of glucose. Insulin sensitivity was then computed as
the glucose-to-insulin ratio, because this ratio has been
shown to be a good index of insulin sensitivity in women
with PCOS (16, 17).

Vaginal ultrasound and the Ferriman-Gallwey score were
performed before treatment and after 6 months of treatment.
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The study protocol was approved by the Human Investiga
tion Committee of the University of Modena.

Assay

All samples from each woman were assayed in duplicate
in the same assay. Plasma LH and FSH concentrations were
determined using a previously described immunofluorimet-
ric assay (IFMA) (18, 19). The sensitivity of the assay
expressed as the minimal detectable dose was 0.1 1U/mL.
The cross reactivities with free and 8 subunits of LH, FSH,
and TSH were less than 2% (18). Intra-assay and interassay
coefficients of variation were 4.9 and 7.4%, respectively.

PlasmaE,, 17-OHP, A, and T were determined by radio-
immunoassay (Radim; Pomezia, Rome, Italy) as previously
described (20). Based on two quality control samples, the
average intra-assay and interassay coefficients of variation
were 4.0% and 9.7%, respectively.

Plasma insulin was determined using an immunoradio-
metric assay (Biosource Europa S.A., Nivelles, Belgium).
Based on two quality control samples, the average intra
assay and interassay coefficients of variation were 4.5% and
11.7%, respectively.

Plasma C-peptide concentrations were determined using a
chemiluminescence assay (DBC Immulite One, Los Ange-
les, CA). Based on two quality control samples, the average
intrarassay and interassay coefficients of variation were
4.5% and 8.2%, respectively.

Pulse Detection and Statistical Analysis

Time series of LH were first evaluated separately to
estimate the random measurement error on the duplicates,
using the program PREDETEC.WK1 (21, 22). Then secre-
tory episodes on each time series were identified using the
program DETECT (21-23), with P=.01 (1%) for the nom-
inal false-positive rate. At the nomina P=.01 (1%) for
false-positive errors, DETECT showed a consistent specific-
ity, as previoudly reported elsewhere (23), because the fal se-
positive rate observed from the data of the plasma pool of
each patient assayed together with the time series was not
statistically different from 1%.

We aso tested for statistically significant differences
among the groups, after analysis of variance (one-way
ANOVA), using Student’s t-test for paired and unpaired
data, as appropriate. Data are expressed as mean = SEM.

RESULTS

Hormonal parameters of the patients are reported in Table
1 (mean = SEM), which shows the statistically significant
reduction of the LH to FSH ratio, LH, 17-OHP, T, and A
plasma levels after 6 months of metformin administration.
Insulin and C-peptide plasmalevels did not show any change
during metformin administration in baseline conditions.

When the area under curve (AUC) of OGTT was evalu-
ated, a significantly lower insulin AUC was observed during
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Hormonal characteristics of the patients (n = 20) under
study before and during metformin treatment.

Characteristic Baseline With metformin
BMI 25+11 217+ 14
LH (mlU/mL) 15+23 8.8+ 1.8*
FSH (mlU/mL) 44+ 05 45+ 0.6
E, (pg/mL) 75.1+ 156 542 + 9.8
17-OHP (ng/mL) 25+03 17+03
A (ng/200 mL) 386.5 = 35.2 141.7 = 26.6%
T (ng/100 mL) 655+ 75 450+ 5.5
LH/FSH 35+ 05 19+0.22
Glucose/insulin 92+18 91+12
Insulin (wU/mL) 120+ 18 124+24
C-peptide (ng/L) 27+05 29+06

apP<.05.
Genazzani. Metformin restores episodic LH secretion in PCOS. Fertil Seril 2004.

metformin administration (before metformin: 18,477 * 245;
and during metformin: 13,420 + 185 U/mL/240 minutes,
P<.05), but no statistically significant change was observed
for AUC of C-peptide (before: 1,516.5 *= 95; and during:
1,393.5 = 110 g/L/240 minutes). In baseline conditions the
glucose-to-insulin ratio was not different under metformin

administration (before: 9.2 £ 1.8; during: 9.1 + 1.2) (see
Table 1). However, the ratio was evaluated all along the
OGTT curve, it was found to be significantly increased, thus
confirming that sensitivity to insulin was improved under
metformin administration (Fig. 1).

When spontaneous episodic LH release was considered,
statistically significant changes of the intrinsic characteris-
tics were noted (Table 2) (Fig. 2). In fact, integrated LH
levels (computed as mean levels of the pulsatility study)
were significantly reduced under metformin administration.
Although no changes occurred in LH pulse frequency, the
LH pulse amplitude was significantly reduced (from 5.7 +
0.5to 3.4 = 0.5 mlU/mL, P<.05). Statistically significant
modifications were also observed in terms of menstrual
cyclicity. In 10 out of 12 amenorrheic patients, a hormal
menstrual cycle was recovered within the third month of
therapy, with amean menstrual cycle of 29.5 + 2.5 days, and
two were oligomenorrheic (cycle every 35 to 50 days).
Among the eight initially oligomenorrheic patients (cycles
every 40 to 60 days), two women remained that way; the
other six women recovered a normal menstrual cycle (30.5
+ 2.0 days) (Table 3).

The Ferriman-Gallwey score as well as the ovarian vol-
ume showed statistically significant decreases after 6 months
of metformin therapy (Ferriman-Gallwey score: before: 22.3

The ratio of glucose to insulin, an index of sensitivity to insulin, was significantly improved by metformin administration. Before

metformin: —. During metformin: - - -. ** P<<.01.
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LH pulsatile characteristics of patients under study.

Baseline With metformin
Mean Amplitude Mean Amplitude
(mlU/mL) No. of peaks/4 h (mlU/mL) (mlU/mL) No. of peaks/4 h (mlU/mL)
PCOS 104 £ 1.7 35*+04 57=*+05 56+ 1.0% 35+03 34=*05%
(n = 20)
aPp<.05.

Genazzani. Metformin restores episodic LH secretion in PCOS. Fertil Seril 2004.

+ 1.7; during: 14.0 = 0.8, P<.01; and ovarian volume
before: 12.0 = 0.8 mL; during: 7.5 = 1.0 mL, P<.05).

DISCUSSION

To gain more insight into novel therapeutic strategies for
PCOS, we explored the effects of an insulin-sensitizing
(metformin) therapy on LH pulsatile release. Our study
demonstrated that statistically significant modifications of
both LH spontaneous episodic secretion and menstrual cy-

clicity could be obtained with metformin therapy in a group
of nonobese PCOS patients.

In agreement with previous reports (8, 13, 24), our study
shows that metformin administration resultsin areduction in
17-OHP, A, and T plasma levels in PCOS patients, with a
statistically significant reduction in LH plasma levels. This
result is in agreement with Velazquez et a. (15), who dem-
onstrated a reduction in LH plasma levels in a group of
PCOS patients undergoing metformin treatment, but it dif-

Episodic LH spontaneous secretion in one PCOS patient under study shows that, after 6 months of treatment, LH pulses were
significantly reduced in amplitude with no change in pulse frequency. Arrows indicate statistically significant LH pulses
detected by the program DETECT. Before metformin: —. During metformin: - - -.
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Menstrual cycles of patients during metformin treatment.

Menstrual cyclicity after 6 months
of treatment

Menstrual cycle before

treatment Amenorrhea Oligomenorrhea Eumenorrhea
Amenorrhea (n = 12) 0 2 10
Oligomenorrhea (n = 8) 0 2 6

Genazzani. Metformin restores episodic LH secretion in PCOS. Fertil Seril 2004.

fers from previous reports that did not observe changes in
LH plasma levels (13, 24, 25). This difference probably
depends on the fact that our study was carried out for a
longer interval (6 months). According to our data, the reduc-
tionin LH plasmalevelsis mainly related to the presence of
a modification of its secretory pattern.

It is well known that PCOS patients have a distinctive,
abnormal LH pulsatile secretion, with normal (sometimes
higher) pulse frequency and higher pulse amplitude (20, 26).
Our study showed that after 6 months of metformin admin-
istration the LH pulse amplitude was significantly reduced
and similar to that of normal eumenorrheic women (27). This
supports the hypothesis that reduced LH pulse amplitude is
the result of a modulation exerted by a metformin-induced
change(s) in the ovarian function and/or in the tissue sensi-
tivity to insulin or growth factors on GnRH discharge.

In fact, the hyperandrogenic milieu of PCOS resultsin an
abnormal neuroendocrine modulation of the hypothalamus-
pituitary function, which is responsible for the increase of
pituitary sensitivity to GnRH stimulation. This results in
higher LH secretory episodes in response to each spontane-
ous GnRH secretory burst (3, 28-31). The exaggerated
GnRH-induced LH response is reduced by the metformin-
induced modulation on citP450 activity. This modulation
reduces androgen production and is also enforced by the
specific changes in IGF-1 and IGFBP-I production (25). On
thisbasisit could be argued that lower hyperandrogenic tone
results in a reduction in the amount of GnRH released with
each secretory burst from the hypothalamus, thus resulting in
alower LH pulse amplitude. The reduced LH plasma levels
observed under metformin administration are the result of
such a decreased pulse amplitude.

It is of great interest that the patients we studied were
nonobese women with normal insulin sensitivity in baseline
conditions, with a fasting glucose-to-insulin ratio above the
cut-off limit of 4.5 (considered normal) (17). However, when
an OGTT was performed, all the patients showed an exag-
gerated insulin response to the glucose load, with significant
reduction (below 4.5) in the glucose-to-insulin ratio through-
out the glucose load. After 6 months of metformin treatment,
neither fasting insulin plasma levels nor the insulin sensitiv-
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ity changed, in agreement to previous studies (16). Such an
observation demonstrates that metformin mainly acts on the
abnormal insulin response to glucose load (or feeding) (16).
Moreover, our data show that when the OGTT was per-
formed under metformin treatment, the glucose-induced hy-
perinsulinemia was significantly reduced with a statistically
significant increase of the insulin sensitivity (i.e., glucose-
to-insulin ratio), as demonstrated by the statistically signif-
icant reduction in the insulin AUC. The lack of changes in
C-peptide AUC strongly sustains the hypothesis of a modi-
fication in insulin sensitivity and/or in its clearance rate
dynamics rather than in the insulin secretory rate. A higher
change in the insulin sensitivity probably may be achieved
with a higher daily dosage of metformin.

Most peculiarly, our patients showed the greater response
to the metformin treatment in terms of menstrual cyclicity.
After 6 months of treatment, all the amenorrheic patients
except two and al oligomenorrheic patients but two had
recovered normal menstrual cycles. These data are in agree-
ment with previous reports (2, 24, 32) that described a
significant restoration of the menstrua cyclicity in PCOS
patients after 4 to 6 months of therapy. The normal occur-
rence of menstrual cyclesis mainly related to abetter ovarian
function. Our observations are similar to those reported by
De Leo et a. (32), who described an improvement in ovu-
latory function in PCOS patients given metformin and un-
dergoing induction of ovulation. This indicates that insulin
(or metformin modulation) plays a pivota role in the direct
endocrine and paracrine control of the ovaries and of LH
secretion from the pituitary (32). Together with the clinical
improvements of the menstrual cyclicity, the 17-OHP, A,
and T plasmalevelswere significantly reduced, in agreement
with previous reports (13, 15, 16, 25). Our data are also in
agreement with those reported by lbanez et a. (1), who
showed significant changes in androgen plasma levels using
a higher metformin dosage.

Finally, it is important to mention the reduction of both
the ovarian volume and the Ferriman-Gallwey score. These
did not decrease as much as when oral contraceptives and/or
GnRH-analogue were administered (30, 31) but clearly sup-
port the efficacy of metformin in modulating the ovarian
activity, in particular follicular development and ovarian
steroidogenesis.

Our data demonstrate that hyperandrogenic PCOS pa
tients show dtatistically significant improvements of the
ovarian function when treated with metformin, independent
of their BMI. The restoration of a normal LH episodic
secretion is mainly related to the significant metformin-
induced changes in the ovarian function in terms of reduced
androgen secretion and reduced pituitary response to the
endogenous (hypothalamic) GnRH secretory bursts. Our
data support that the insulin-sensitizing agent (metformin)
improves ovarian control/modulation and menstrual cyclic-
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ity through the normalization of the gonadotropin pulsatile
release.
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