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Accepted: January 29, 2000 of LH pulse amplitude throughout the 6 months after treat-

ment suspension. Ferriman–Gallway score and ovarian vol-Purpose: The fertility rate in women with polycystic ovary
umes were significantly reduced in patients who receiveddisease (PCOD) is influenced by the type of treatment
the combined treatment than in the OC-treated patients.received. The present study evaluated the possible correla-
Conclusions: These data support the evidence of a highertion between treatment and pulsatile release of
efficacy of the combination of GnRH-a 1 OC than OC alonegonadotropins.
in restoring a normal and adequate spontaneous episodicMethods: Spontaneous episodic secretion of luteinizing hor-
gonadotropin discharge and in decreasing Ferriman–mone (LH) and follicle-stimulating hormone (FSH) and hor-
Gallway score and ovarian volumes in patients with PCOD.monal parameters were monitored before and after 1, 3, and

6 months after treatments suspension. Twenty-four PCOD KEY WORDS: GnRH-agonist; polycystic ovary disease; hyperan-
drogenism; anovulation; episodic gonadotropin release.patients were randomnly divided into two groups of 12 sub-

jects. Group A was treated with gonadotropin-releasing hor-
mone (GnRH)-analogue plus oral contraceptive (OC).

INTRODUCTIONGroup B was treated only with OC. Both groups were treated
for 6 months and followed up for 6 months.

Polycystic ovary disease (PCOD) typically is charac-Results: In all subjects the therapeutic regimens reduced
the androgenic milieau and the gonadotropin plasma levels. terized by a variety of signs and symptoms such as
Spontaneous pulsatile secretion of LH and FSH was signifi- oligo- or amenorrhea, overweight/obesity, hirsutism,
cantly modified in both groups, but patients who received acne and biochemical disturbances such as high plasma
the combined regimen showed a significantly greater reduc- levels of luteinizing hormone (LH), androgens, and

insulin (1). As a consequence of these, anovulation and
reduced fertility have always been the most frequent

1 Department of Obstetrics and Gynecology, University of complaint of PCOD patients. In fact, PCOD patients
Modena, Italy. often show anovulatory cycles and higher LH secretion2 Department of Obstetrics and Gynecology, University of Pisa,

than normal (2), probably in relation to an abnormalItaly.
3 Department of Obstetrics and Gynecology, University of Udine, spontaneous pulsatile release of LH. The evidence of

Italy. such inappropriate gonadotropin secretion has been4 To whom correspondence should be addressed at Department of
proposed to be dependent on the increased LH pulseObstetrics and Gynecology, University of Modena, Via del pozzo

71, 41100 Modena, Italy. amplitude (3–7), in part related to a higher pituitary
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sensitivity to GnRH stimulation (4,8,9) and to an 12 subjects: (a) group A: patients were treated with
leuprolide acetate intramuscularly (im) (Enantone,abnormal neuromodulation of hypothalamic gonado-

tropin-releasing hormone (GnRH) secreting neurons 11.25 mg every 12 weeks; Takeda, Rome, Italy) plus
an OC (Mercilon; Organon, Rome, Italy); and (b)(8,10). As a consequence of these, the altered gonado-

tropin release induces a reduced follicle development group B: patients were treated with only the OC. Both
groups were treated for 6 months and then monitoredand an abnormal ovarian steroidogenesis (2–10). Sev-

eral reports have demonstrated that clinical symptoms for the following 6 months. The choice of this OC was
made in order to follow previous study protocol (18).of PCOD are dramatically reduced by the long-term

administration of oral contraceptives (OC) alone or in All patients underwent a 6-hr pulsatility study on
day 7 of the menstrual cycle if eu- or oligomenorrhoicassociation with a variety of drugs that act on metabo-

lism, i.e., metformin (11) or troglitazone (12), or that before any treatment, and on day 7 of the first, third,
and sixth cycle after the suspension of the therapy,are antiandrogenic, i.e., flutamide (13) or finasteride

(14,15), but no dramatic changes in gonadotropins sampling every 10 min, for LH and FSH determina-
tions. On the same days of the pulsatilities plasmasecretion have been demonstrated (13). Conversely,

recently several reports described the significant effi- estradiol (E2), androstenedione (A), 17-hydroxy-
progesterone (17-OHP), and testosterone (T) levelscacy on gonadotropin secretion of the use of GnRH

agonist (GnRH-a) alone or in combination with OCs were determined. Vaginal US and the Ferriman–
Gallway score were performed before, at the third and(16–18); since this last combined regimen was clini-

cally effective in the restoration of a normal hypothala- sixth month of therapy, at the third and sixth month
after treatment suspension. Before and after 6 monthsmus–pituitary control of ovarian function (18), a

specific effect on gonadotropin spontaneous pulsatile of treatment lumbar bone density analysis was per-
formed using a dual-energy photon absorptiometryrelease from pituitary has been supposed. On these

bases, we aimed to evaluate the secretory characteris- with a Lunar DPX (Lunar Radiation, Madison, WI).
The study protocol was approved by the Humantics, i.e., the spontaneous pulsatile release, of both

gonadotropins in patients suffering for PCOD undergo- Investigation Committee of the University of Pisa.
ing a combined treatment of GnRH-a plus an OC in
comparison to those undergoing a treatment with an Assay
OC alone.

All samples from each subject were assayed in dupli-
cate in the same assay. Plasma LH and FSH concentra-
tions were determined using an immunofluorometricMATERIALS AND METHODS
assay (IFMA) previously described (19,20). All sam-
ples from the same subjects were analyzed in duplicateSubjects
in tha same assay. The sensitivity of the assay
expressed as the minimal detectable dose was 0.1 IU/A group of 24 PCOD patients [mean age, 24.5 6

2.5 years (mean 6 SEM)] were enrolled after informed ml. The cross-reactivities with free a- and b-subunits
of LH, FSH, and thyroid-stimulating hormone (TSH)consent. They were referred to our department for

menstrual irregularities and/or hirsutism and acne, and were less than 2% (19). Intra-assay and interassay
coefficients of variation were 4.9 and 7.4%, respec-were selected on the basis of the following criteria:

(a) presence of micropolycystic ovaries at ultrasound tively.
Plasma E2, 17-OHP, A, and T were determined by(US); (b) oligo- or amenorrhea for at least 6 months

prior the study and/or chronic anovulation; (c) plasma radioimmunoassay (Radim, Pomezia, Rome, Italy) as
previously described (21). Based on two quality con-androstenedione levels above the normal range for our

laboratory (3.0 ng/100ml; conversion factor to pmole/ trol samples the average within- and between-assay
coefficients of variation were 4.0% and 9.7%liter: 34.92) and a LH/follicle-stimulating hormone

(FSH) . 2.5, (d) hirsutism and or acne (from grade
mild to severe); (e) absence of any adrenal and/or other Pulse Detection and Statistical Analysis
endocrine disease; and (f) no hormonal treatment in
the 6 months prior the study. All patients were in a All LH and FSH time series were first evaluated

separately to estimate the random measurement errorrange of 17% to 115% of their ideal body weight
and the mean body mass index (BMI) was 23.5 6 1.2. on the duplicates using the program PREDETEC.WK1

(22,23). Then LH and FSH secretory episodes wereThey were randomnly subdivided in two groups of
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identified using the program DETECT (23), with a P II). Six months after treatment suspension, patients
of group B showed all pulsatile parameters perfectlyvalue equal to 0.01 (1%) for the nominal false-positive

rate. At the nominal P level of 0.01 (1%) for false- similar to baseline conditions, while patients of group
A maintained an LH pulse frequency and amplitudepositive errors, the false-positive rate observed on the

data of the plasma pool of each subject assayed significantly lower than in baseline conditions and
lower than group B (Fig. 1). Interestingly, during thetogether with the time series was not statistically differ-

ent from 1%. 6 months of follow-up, FSH episodic discharge showed
a significant and constant reduction of pulse amplitudeThe presence of significant difference between

groups was tested, after analysis of variance (one- only in group A, while no changes were observed for
patients of group B (Table II).way ANOVA), using Student’s t-test for paired and

unpaired data, as appropriate. Linear regression analy- Menstrual cyclicity was 28 6 0.8 days for group A
and 34 6 2.5 days (P , 0.05) for group B (thesesis was used to test correlation between individual

hormonal values. values were means over the 6 months of follow-up).
Interestingly, it was more stable in group A than in
group B for the entire follow-up interval (Table III),
as demonstration of a more proper activity of the repro-RESULTS
ductive axis. In addition, among the patients enrolled
for the combined treatment regimen, three of tenAll results are showed as mean 6 SEM. Hormonal

parameters of both groups of PCOD patients resulted remained pregnant (33.3%) in the first month after the
follow-up, while no pregnancy was monitored in thesimilar in baseline conditions and have been reported

in Table I, which shows plasma LH and FSH levels other group.
Ultrasound evaluation showed the significant reduc-as means of the first three samples of the pulsatility.

Mean BMI was perfectly similar in both groups (group tion of the ovarian volume in both groups after 6
months of treatment. Results were similar for the Ferri-A: 23.3 6 1.0; group B: 23.6 6 1.3). Before any

treatment all subjects showed similar high LH and man–Gallway score, which was reduced in both
groups after 6 months of treatment. Interestingly, bothandrogen mean plasma levels (Table I) and gonadotro-

pin pulsatile characteristics were perfectly superimpos- ovarain volume and the score increased again more
rapidly during the follow-up in patients of group Bable (Table II). Also, integrated LH and FSH means

of the pulsatility profiles were similar (Table II). When than group A (Fig. 2).
No changes were observed in either group in termstreatment was supended, both groups showed the sig-

nificant reduction of both androgens and LH plasma of lumbar bone density after treatment suspension.
levels. Indeed, on the first and third month after treat-
ment suspension, patients of group A showed signifi- DISCUSSION
cantly lower LH plasma levels, LH pulse frequency,
and LH and FSH pulse amplitudes than in baseline The present study reported the restoration of the

spontaneous episodic secretion of LH and FSH duringconditions and lower than patients of group B (Table

Table I. Hormonal Characteristics of the Patients Under Studya

After treatment

Baseline 1st month 3rd month 6th month

A B A B A B A B

LH (mIU/ml) 9.8 6 1.3 10.0 6 1.6 1.6 6 0.4** 5.0 6 0.7** 5.3 6 1.3** 7.1 6 1.1* 7.2 6 1.1** 10.2 6 1.2
FSH (mIU/ml) 4.2 6 0.4 4.5 6 0.4 3.9 6 0.3 4.4 6 0.6 4.6 6 0.3 5.3 6 1.1 4.3 6 0.3 4.4 6 0.4
E2 (pg/ml) 48.1 6 9.2 46.2 6 7.7 22.8 6 4.8 23.5 6 3.2 39.8 6 11.0 36.0 6 9.4 50.0 6 9.1 51.2 6 11.3
17-OHP (ng/ml) 1.2 6 0.1 1.3 6 0.3 0.9 6 0.1** 0.9 6 0.1** 1.0 6 0.1** 1.0 6 0.1** 1.2 6 0.1 1.5 6 0.3
D4 A (ng/100ml) 4.1 6 0.3 3.9.2 6 0.3 2.7 6 0.2** 2.6 6 0.2** 3.1 6 0.3* 3.3 6 0.2* 3.5 6 0.2* 3.7 6 0.2
T (ng/100ml) 72.5 6 6.3 68.2 6 5.5 36.1 6 7.0 41.5 6 5.2** 45 6 7.6* 47.5 6 7.4* 51.1 6 6.1 55.2 6 4.2

a Mean 6 SEM; Group A: patients treated with GnRH-a 1 OC; Group B: patients treated with OC.
Conversion factors to SI units: LH and FSH IU/liter: 1.00; E2 pmole/liter: 3.671;17-OHP nmole/liter: 0.0303; A pmole/liter: 34.9; T nmole/
liter: 0.0347. *P , 0.05 vs. baseline; ** P , 0.01 vs. baseline.
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Table II. LH and FSH Pulsatile Characteristicsa

Baseline 1st Month after suspension 3rd Month after suspension 6th Month after suspension

Pulses Amplitude Pulses Amplitude Pulses Amplitude Pulses Amplitude
mIU/ml No./6 hr mIU/ml mIU/ml No./6 hr mIU/ml mIU/ml No./6 hr mIU/ml mIU/ml No./6 hr mIU/ml

LH
Group A
(GnRH-a 1 OC) 8.661.7 6.660.4 3.460.7 2.160.7b,e 4.460.5e 0.860.3c,e 4.560.7b,e 5.260.6d 1.660.3b,e 7.061.4 5.360.4d 2.460.5b

Group B (OC) 8.461.7 6.160.5 3.260.7 4.060.9e 4.560.9 2.560.5 6.661.0 4.160.8d 2.660.3 6.661.5 5.860.7 4.461.5
FSH

Group A
(GnRH-a 1 OC) 4.260.4 3.960.5 1.060.1 3.760.5 3.060.4 0.660.1b 3.760.2d 2.660.3d 0.660.1d 4.160.5 3.560.5 0.660.1d

Group B (OC) 4.860.5 3.860.7 1.160.3 4.561.1 3.260.7 1.160.2 4.260.4 3.660.4 0.960.3 4.060.5 3.960.4 0.960.1

a Mean6SEM.
b P , 0.05 vs. group B.
c P , 0.01 vs. group B.
d P , 0.05 vs. baseline.
e P , 0.01 vs. baseline.

a 6-month follow-up in patients with PCOD treated tile characteristics of LH secretion immediately after
treatment suspension and for a 6-month follow-up.with a combined regimen of GnRH-a plus OC in com-

parison to OC alone. Our study supports the specific Indeed, our data show that other than the specific
positive effect of the clinical symptoms that wereimportance of the recovery of the spontaneous gonado-

tropin discharge to permit an optimal ovarian function observed during the 6 months of treatment, the specific
efficacy of the combined regimen of treatment wasin terms of ovulation.

PCOD has been demonstrated to have an inappropri- demonstrated by the fact that during posttreatment
observation interval the LH pulsatile release thatate gonadotropin secretion characterized by altered LH

pulse frequency, amplitude, and LH plasma levels (3– resulted was similar to normal subjects (29) and signifi-
cantly different from starting conditions as well as OC-7), and several therapeutic strategies have been sug-

gested to treat the physiopathological situation and treated subjects. Patients treated with the combined
regimen (group A) showed the reduction of both LHeliminate the anovulatory condition that is typical in

PCOD patients. A variety of drugs have been used to pulse frequency and amplitude, and such changes in
LH spontaneous release remained significantly lowereliminate the hyperandrogenic condition and restore

ovulation (11–15), but only recently a greater consid- for the entire period of posttreatment observation. Con-
versely, patients treated with OC alone showed onlyeration has been given to the use of GnRH-a. In fact,

several reports documented the efficacy of this com- a slight reduction of LH pulse frequency within the
third month of follow-up, and after 6 months all param-bined regimen to induce a significant improvement of

gonadotropin secretion, ovarian volume and function, eters were already similar to baseline conditions.
These data give support to what previously wasand ovulatory cycles (18) as well as to reduce hirsutism

(16,24–27). Such a positive therapeutic effect is reported (18) and showed that the combined regimen
of the 3-monthly preparation of GnRH-a plus OC gavemainly related to the pseudomenopausal condition

induced by the blockade of the ovarian function and a stronger blockade on the hypothalamus–pituitary
unit than the OC alone. This combined treatment per-its androgen production (16). To avoid the menopausal

disturbances and the possible bone resorption an estro- mits a better recovery of this functional unit to a normal
activity, inducing the reduction of all LH pulsatileprogestin preparation has been associated with GnRH-

a in this study as well as in others (16–18,28). parameters, with special regard to pulse amplitude.
Indeed, this regimen also resolved the problem of theOur study for the first time documented the positive

effect of the administration of GnRH-agonist, in its 3- ovarian androgen hyperproduction, since through the
gonadotropin blockade it indirectly acted on the localmonthly preparation, on the LH pulsatile secretion

from pituitary in terms of episodic secretion and indi- factors participating in the genesis of the cystic ovarian
disease. Our data showed that after treatment suspen-rectly on the hypothalamic function. In fact, even if

other authors described the clinical efficacy of the sion the reproductive axis, namely the hypophysis,
secreted lower amounts of LH with reduced pulse fre-combined regimen we used, none described the pulsa-
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Fig. 1. Spontaneous episodic secretion of LH and FSH for two
subjects undergoing GnRH-a 1 OC (upper panel), and to OC alone
(lower panel) on day 7 of the menstrual cycle. Patient treated with
the combined regimen showed a more distinct and stable recovery
of the normal episodic discharge of LH for the entire period of

Fig. 2. Mean Ferriman–Gallway scores (upper panel) and mean
follow-up, with a significant reduction of LH pulse amplitude and

ovarian volumes (lower panel) for both groups of PCOD patients.
frequency. m baseline; 1. 1st cycle, m 3rd cycle, v 6th cycle after

Those treated with the combined regimen GnRH-a 1 OC demon-
treatment suspension.

strated a more stable clinical effect of the treatment during the 6
months of follow-up.

quency and amplitude only in patients treated with
GnRH-a plus OC, demonstrating a greater efficacy of gonadotropin episodic discharge is essential but not

enough to avoid the intrinsic propensity of thesethis treament in comparison to OC alone. Since patients
in group A showed a slower increase of the ovarian patients to go back to their original clinical condition.

This supports the hypothesis of the presence of anvolumes as well as of the Ferriman–Gallway score,
our data let us infer that the restoration of a normal abnormal (constitutional) peripheral (i.e., ovarian and/

Table III. Mean Intermenstrual Interval Duration (days)a

1st month 2nd month 3rd month 4th month 5th nmonth 6th month

Group A 31 6 1.5 30 6 1.2 29 6 1.0 29 6 0.9 28 6 0.9 28 6 0.8
Group B 29 6 1.8 30 6 2.1 32 6 2.2 32 6 2.4b 33 6 2.2b 34 6 2.5b

a Mean 6 SEM.
b P , 0.05 vs. group A.
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or metabolic) more than central (i.e., hypothalamic– endocrine control of the ovarian function; this observa-
tion was supported by not only the reduced ovarianpituitary) causal factor.

This study confirms previous reports (16–18,24) volume which remained lower than baseline in patients
of group A for a longer period than group B but alsothat demonstrated the restoration of a more regular

menstrual cyclicity and ovulation in patients undergo- by the spontaneous ability to conceive that three of
ten patients demonstrated as soon as they exited froming this combined regimen and supports the fact that

GnRH-a blockade of hypothalamus–pituitary function our follow-up interval.
In conclusion, the present study demonstrated thatdetermined a positive recovery of a normal gonadotro-

pin secretion when treatment was suspended. In addi- in PCOD patients the use of a combined regimen of
GnRH-a plus OC significantly modified the hypothala-tion, since the results we observed were in agreement

with others (16–18,24), our study shows that the 3- mus–pituitary–gonadal axis activity [so that to deter-
mine a stable recovery of the reproductive axis functionmonthly preparation of GnRH-a is effective as is the

monthly preparation. Our data suggest that the specific than using the oral contraceptive alone.] In fact, the
combined regimen improved LH spontaneous releasetargets of action of therapeutic strategies are all the

reproductive axis components. Moreover, our data throughout the posttreatment observation interval,
reducing the frequency and amplitude of the spontane-confirm that OC alone has a relatively limited effect

on the overall tonic release of both gonadotropins (30), ous episodic discharge. Moreover, the use of the 3-
monthly preparation of the GnRH-a was successfullyand hence, on the gonadotropin-induced production of

androgens from the thecainterstitial cells of the ovary similar to the monthly preparation, thus suggesting
that the main advantage is the shift from a monthly to(16). This last aspect is clearly supported by the fact

that OC-treated patients returned to pretreatment con- a 3-monthly puncture. Our study let us infer also that
patients affected by PCOD waiting for assisted repro-ditions at the end of the posttreatment observation

interval. The present study also reveals an interesting ductive programs might try to conceive spontaneously,
undergoing to a therapeutic protocol similar to the oneaspect of FSH secretion. In fact, while LH showed

significant changes after both kinds of treatments, FSH we used.
showed only the modifications of pulse amplitude in
GnRH-a-treated patients and a slight (but not signifi-
cant) reduction of its plasma levels. These data seem ACKNOWLEDGMENTS
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