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ABSTRACT. The etiologic diagnosis of hirsutism
is often difficult. Previous studies have reported
normal basal androgen and SHBG concentrations
in 33-50% of hirsute women, suggesting the
presence of an "idiopathic" form of hirsutism as
the most frequent cause of this problem. The re-
cent use of GnRH-analogues together with the
corticotropin stimulation test allows better un-
derstanding of whether the cause of hirsutism is
androgen excess and, if so, whether the origin
of the latter is ovarian, adrenal or both. The pre-
sent study evaluated adrenal and ovarian func-
tion in 48 young hirsute women as well as in 78
normal women matched for body mass index and
age, who acted as control group. To determine
ovarian function, a single 100-μg dose of GnRH
analogue triptorelin was injected sc; thereafter,
gonadotropins, 17-hydroxyprogesterone (17-
OHP), �4-androstenedione (�4), total testos-
terone (T) and estradiol were determined. To
better understand the adrenal function, 250 μg

of 1,24 ACTH were administrated as iv infusion
for 5 h, and plasma cortisol (F), 17-OHP, �4,
DHEAS, T, 11-desossicortisol were measured.
The combined use of these two stimulation tests
was able to detect mild to moderate abnormal-
ities in the steroidogenesis of ovaries alone
(23%), adrenals alone (16.6%), or both (35.4%)
in most hirsute women (75%) with otherwise nor-
mal baseline androgen concentrations. In partic-
ular, patients showed significantly increased re-
sponses of 17-OHP, �4, total T, 11-desossicorti-
sol, and F to 1,24-ACTH administration. More-
over, they also had significantly higher 17-OHP
and T responses to triptorelin. In conclusion, mil-
der forms of functional ovarian and/or adrenal
hyperandrogenism, similar to those found in
clearly hyperandrogenic women, were observed
and could be an underlying mechanism of idio-
pathic hirsutism. 
(J. Endocrinol. Invest. 24: 491-498, 2001)
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INTRODUCTION

Hirsutism, oligomenorrhea and acne are reported
to be the most common endocrine disorders in
adolescent and reproductive-age women in Sou-
thern Italy (1). Usually these symptoms persist for
years, can result in emotional problems and de-
pression, and can deteriorate the quality of life (2).
The etiologic diagnosis of hirsutism is often diffi-

cult. Normal basal androgen and SHBG concentra-
tions have been reported in 33 to 50% of hirsute
women, suggesting an "idiopathic" form of hir-
sutism as the most frequent cause of this problem
(3). This disorder has been defined as the develop-
ment of androgen-dependent terminal body hair
in women in regions where terminal hair is normal-
ly not found (4), without signs of virilization, men-
strual irregularities or hyperandrogenemia; the pos-
sible mechanisms underlying hair excess not relat-
ed to androgen secretion rates have been postu-
lated by various authors (5-10).
There is now increasing evidence that subtle alter-
ations in androgen production and metabolism may
underlie the apparently idiopathic form of hirsutism
(11). Although it may not be easy to determine the
cause of hyperandrogenism, the use of the corti-
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cotropin stimulation test (1, 11, 12) together with the
recent diagnostic use of GnRH-analogues (13-16) al-
low clinicians to understand whether androgen ex-
cess is also present in patients with apparently idio-
pathic hirsutism, and whether the origin of this dis-
order is ovarian, adrenal, or both. To this aim, several
authors have evaluated the ovarian production of an-
drogens after both acute and prolonged GnRH-ana-
logue administration, the first to stimulate (13-16),
and the second to suppress ovarian hormonal se-
cretion (11, 17). Abnormal response to either acute
or chronic GnRH-analogue administration was found
predictive of ovarian origin of androgen excess (11,
13-16). The acute stimulation test has the advantage
of being a short, direct, and specific test of pituitary-
ovarian-function, capable to disclose the nature of
ovarian steroidogenesis (13, 14, 16).
In order to better understand the etiology of idio-
pathic hirsutism, the present study evaluated ovar-
ian and adrenal function using the GnRH-analogue
triptorelin acute stimulation test (GnRHa) and the
corticotropin long stimulation test, in 48 women
with apparently idiopathic hirsutism. The combina-
tion of these tests was able to reveal mild to mod-
erate abnormalities in the steroidogenesis of ova-
ries, adrenals, or both, in most hirsute women with
normal baseline androgen concentrations.

SUBJECTS AND METHODS

The study population was composed of 48 women
with peripuberal or adult-onset hirsutism with a
Ferriman-Galwey score �12 (4), normal values of the
main androgens – i.e. T, DHEAS and �4-androste-
nedione (�4A) – normal levels of 17-hydroxypro-
gesterone (17-OHP) and SHBG concentrations, and
regular menstrual cycles (every 25-35 days). Ovu-
lation was assumed to be regular in all women on
the basis of regular cycles, reported symptoms of
ovulation, such as mid-cycle pain, pre-menstrual
discomfort and breast tenderness. Moreover, serum
progesterone was determined in a random subset
of 12 women in days 20-22 of their menstrual cy-
cle and resulted always >6 ng/ml (range, 7.4-16.7),
thus confirming previous ovulation (18). The wom-
en included in the study were 16 to 34 years old
and were a part of a group of 123 hirsute women
referred to our department for the evaluation of
their androgen pattern. Seventy-five women were
excluded after the initial evaluation because of ab-
normal baseline concentrations of one or more an-
drogens or 17-OHP, considering the mean of 3 dif-
ferent determinations. None of the 48 women in-
cluded in this study had drug-induced hirsutism,
thyroid dysfunction, hyperprolactinemia, Cushing's

syndrome or severe insulin resistance, which were
excluded by anamnestic data and standard en-
docrine tests.
Seventy-eight normal women without signs of hy-
perandrogenism or a family history of endocrine dis-
ease, not taking any medication, whose ages were
between 20 and 31 years, entered the study as con-
trols for 1,24-ACTH and dexamethasone (DXM) tests,
while 36 of them also underwent GnRHa testing.
Both patients and controls were evaluated during
the early follicular phase of their menstrual cycle
(days 3 to 6) and at least 6 months after discontinu-
ing estrogen and progestin therapy.
Informed consent was obtained from all subjects and
the study was conducted in accordance with the
guidelines laid down in the Declaration of Helsinki.

Design of the study
BMI, expressed as weight divided by height square,
fasting glucose and C-peptide concentrations were
determined the first day of hospitalization. Transpa-
rietal pelvic ultrasonography was performed in all pa-
tients, using a 3.5-MHz transducer. The diagnosis of
polycystic ovary was considered on the basis of crite-
ria previously published (19).
ACTH test: Two-hundred and fifty micrograms of
1,24-ACTH (Synacthen, Ciba-Geigy, Balsel, Swit-
zerland) were administrated as a continuous 250 ml
saline iv infusion for 5 h, beginning at 08:00 h of
the first day, and plasma F, 17-OHP, �4, DHEAS,
total T, 11-deoxycortisol (S) were measured at time
0, 300 and 360 min. 
DXM test: A low-dose 2-mg suppression test was
carried out by an oral administration of 0.5 mg DXM
from the second day, four times a day for 2 days;
serum steroids were measured at 08:00 h the fol-
lowing morning (fourth day).
GnRHa test: A dose of 0.5 mg DXM was continued
four times a day for 2 more days, which means that
DXM was administered 2 days before and during
the whole sampling period following the adminis-
tration of GnRHa. On the fourth day, from 07:00 h,
2 blood samples were collected every 30 min for
baseline measurements of serum gonadotropins
and steroid hormones (17-OHP, �4, 17β-estradiol
and total T). Then, at 08:00 h a single 100-μg dose
of GnRHa triptorelin (D-Trp6-GnRH, Decapaptyl,
Ipsen, Italy) was injected sc, and blood samples
were collected after 0.5, 1, 2, 3, 4, 20 and 24 h.
Gonadotropin levels were measured in all samples
and, after 20 and 24 h, steroid hormones were also
determined.
The response to GnRHa was considered abnormal
if the plasma 17-OHP peak was greater than 6.2
nmol/l, the �4 peak greater than 5.7 nmol/l and
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the total T peak above 1.4 nmol/l. These values rep-
resent 2 SD above the mean responses of controls.
The response to 1,24-ACTH was considered ab-
normal if the maximum peak exceeded by at least
2 SD the mean of the control series. The cut-off val-
ue was set at 17.5 nmol/l, 13 nmol/l and 1257
nmol/l for 17-OHP, S and F respectively; and at
22.3 nmol/l, 15.5 μmol/l and 2.9 nmol/l for �4,
DHEAS, and total T respectively. 
The response to the DXM test was considered ab-
normal when steroids did not decrease below 50%
of their baseline value; whereas F should fall to be-
low 140 nmol/l (5 μg/dl) (20). 
Hormonal analysis in serum: All measurements were
performed in duplicate, within the same assay, us-
ing commercially available kits: F, T, estradiol and
DHEAS, using Immulite, solid phase chemiolumi-
nescent enzyme immunoassay (DPC, Los Angeles,
CA 90045-5597, USA); �4, 17-OHP with RIA
Diagnostic Systems Laboratories (Webster, TX,
USA); LH and FSH with RIA Biodata S.p.A. (Rimini,
Italy). Reference intervals were as follows: F: 5-20
ng/dl, S: 10-250 ng/dl, 17-OHP: 10-200 ng/dl, �4:
1.0-4 pg/ml, DHEAS: 35-400 mcg/dl, T: 30-100
ng/dl. The conversion factors to SI units (nmol/l)
were F: 27.6; S: 0.029; 17-OHP: 0.0303; �4: 0.035;

DHEAS: 0.027 and T: 0.0346. Reference values for
FSH and LH were 5-20 and 5-25 IU/l, respectively
(conversion factor to SI units=1, both).
Statistical analysis: Results were expressed as
mean±SD in the text and tables. Inter-group dif-
ferences both at baseline and after stimulation tests
were compared using the one-way ANOVA test
and the Student's t-tests. The non-parametric me-
thod (Mann-Whitney U-test) was used when the
Wilk-Shapiro test was not consistent with a Gaus-
sian distribution of the data, i.e. for evaluation of
17-OHP and S concentrations. A p value less than
0.05 was considered significant.

RESULTS
Patients characteristics and baseline steroid pattern 
The group of hirsute women had a Ferriman-Gall-
wey score of 16±3.6. Ultrasonographic features of
polycystic ovaries were found in 7 patients (14%).
A LH/FSH ratio >2 was found in 12 women (25%),
only 5 of whom with ultrasound evidence of poly-
cystic ovaries. Nevertheless, baseline androgen
concentrations fell within the normal range in all
participants, but the group of patients was charac-
terized by significantly higher basal values of the

Table 1 - Hormone values at baseline and in response to 250 mcg of 1,24-ACTH iv. 

Variable Patients (no.=48) Controls (no.=78) p value

17-OHP (nmol/l)
baseline 4.24±2.4 1.5±0.7 <0.001
peak 20.3±9.2 9.1±4.2 <0.001
� after ACTH 14±10.3 6.6±5.6 <0.001

S (nmol/l)
baseline 5.9±2.7 2.31±0.87 <0.001
peak 21±8.1 7.2±2.8 <0.001
� after ACTH 13±9.4 7.82±5.37 <0.001

�4 (nmol/l)
baseline 9.7±3.8 7.2±2.1 <0.001
peak 17.1±6.9 13.3±4.5 <0.001
� after ACTH 7.3±6.8 5.2±3.1 <0.05

DHEAS (μmol/l)
baseline 5.6±2.25 4.4±2.4 <0.005
peak 8.45±3.9 8.3±3.6 NS
� after ACTH 2.58±2.9 2.53±1.8 NS

Testosterone (nmol/l)
baseline 2.42±0.68 1.42±0.4 <0.001
peak 3.1±1.38 1.9±0.5 <0.001
� after ACTH 0.7±1.38 0.7±0.7 NS

Cortisol (nmol/l)
baseline 416.1±210 316.5±123 <0.005
peak 1490±678 1045±103.7 <0.001
� after ACTH 1084±546 706±265 <0.001

All values are mean±SD; The response to corticotropin administration was expressed as the peak and � (net increment of steroid). 17-OHP: 17-hydro-
xyprogesterone; NS: not significant; S: 11-deoxycortisol.
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main androgen – �4, T (p<0.001, both) and DHEAS
(p<0.05) – and by significantly higher values of other
steroids – i.e., 17-OHP, S (p<0.001, both) and F
(p<0.005). No difference was found between pa-
tients and controls in terms of BMI (24.6±3.9 vs
24.3±4.1), fasting glucose or C-peptide concentra-
tions (5.3±0.8 vs 5.1±0.7 mmol/l and 0.68±0.5 vs
0.65±0.34 nmol/l respectively). 

Steroid pattern after stimulation tests
ACTH testing: The results are shown in Table 1 and
Figure 1. Compared to controls, the group of patients
had a significantly increased response of 17-OHP, S,
�4, and F to 1,24-ACTH administration considering
both the peak and the net increment of steroids,
which represented the change in circulating levels

from 0 to 360 min after acute corticotropin adminis-
tration (� of the response). Total T showed an in-
creased peak in patients compared to controls, but
the � response was similar in the two groups. This is
possible since baseline T values were significantly dif-
ferent in two groups. When considering the single
subjects, an abnormal response of at least one steroid
to 1,24-ACTH administration was found in 25/48
(52%) patients, and an abnormal response of at least
two steroids was found in 19 (39.6%); in particular, el-
evated 17-OHP response in 20 patients, increased S
response in 14 patients, elevated �4 response in 5
patients, enhanced F response in 5 of them; DHEAS
and T hyperresponsiveness in 2 and 3 women, re-
spectively. However, no women had ACTH-stimulat-
ed S and 17-OHP values exceeding 30 nmol/l (1000
ng/dl), which is suggestive of 11β-hydroxylase or 21-
hydroxylase deficiency (1, 15, 21-23), while post-
ACTH DHEAS levels did not exceed by 4 SD the nor-
mal control values, thus excluding 3β-hydroxy-steroid
dehydrogenase deficiency. Moreover, in 2 women
with increased DHEAS response, DHEA/�4 ratio was
also determined and was found not to exceed by 4
SD the value of normal women (4.1 and 3.9 vs
3.3±1.2 of controls) (1, 24). Women with abnormal
response of at least one steroid to 1,24-ACTH ad-
ministration were considered as having adrenal func-
tional hyperandrogenism (15).
DMX testing: F, 17-OHP, �4, DHEA-S and T de-
creased after DXM administration in all the women
considered; nevertheless mean post-DXM 17-OHP,
�4 and T values were significantly higher in patients
than in controls (p<0.001, p<0.001 and p<0.05, re-
spectively). Individual response to DXM was abnor-
mal in 15 patients for at least one steroid, and in 8 of
them for 2 steroids (17-OHP and �4 in all except one
woman, in whom 17-OHP and T did not decrease
sufficiently). All these women had abnormal response
to the GnRHa administration, suggesting ovarian
functional hyperandrogenism. Moreover, F did not
fall below 140 nmol/l in 3 patients who had normal
adrenal gland morphology at abdominal computed
tomography scan.
GnRHa testing: The mean 17-OHP response to trip-
torelin was significantly higher among patients than
controls (p<0.001). Total T post-triptorelin values
were also increased albeit with a milder significance
(p<0.05), while no significant difference in �4 re-
sponse was found between the two groups (Table
2, Fig. 1). Considering each single patient, the re-
sponse of at least one steroid to triptorelin was ab-
normal in 28 women (58%), who were thus consid-
ered as having ovarian functional hyperandroge-
nism (14, 15). Furthermore, both 17-OHP and �4
hyperresponsiveness were shown in 10 patients,
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Fig. 1 - Circulating concentrations of 17-hydroxyprogesterone
(17-OHP), �4-androstenedione and DHEAS at baseline, after
dexamethasone (DXM) and maximal responses to 1,24-ACTH
and triptorelin administration. *at least p<0.05; **at least
p<0.001 vs controls.
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while T hyperresponsiveness only in two. A signifi-
cant increase in early LH response (at 30 min) was
found in patients vs controls (p<0.05) and in 19 hir-
sute women (39,6%) when considered individually.
On the other hand, the lack of any increase in estra-
diol levels after triptorelin administration was re-
vealed in two women with otherwise normal steroid
and gonadotropin response to stimulus, indicating
possible aromatase dysregulation (15).
The abnormal steroid responses to both the adrenal
and ovarian stimulation tests were observed in 17
(35.4%) patients (Fig. 2), who also showed a high
variability of �4 and DHEAS concentrations stimu-
lated by 1,24-ACTH.

DISCUSSION

All the women included in this study were consid-
ered as having idiopathic hirsutism after initial eval-
uation; this diagnosis was based on the absence of
menstrual irregularities, basal hyperandrogenemia
or virilization. The percentage of such women was
39% in our series of hirsute women evaluated (48
out of 123). Several different abnormalities in ste-
roid profiles were found in the present study using
the combination of corticotropin and GnRH-ana-
logue stimulation tests; this suggests that hirsutism
in these women can no longer be considered idio-

pathic. By this approach, the percentage of hirsute
women with normal adrenal and ovarian function
was reduced subsequently to 9.8% of the overall
series of hirsute women (12 of 123 patients).
According to these test results, hirsutism was con-
sidered to be caused by ovarian dysfunction alone
in 11 women (23%), by ovarian and adrenal dys-
function in 17 (35.4%) and by adrenal dysfunction
alone in 8 (16.6%) (Fig. 2).
We observed that the association of the 1,24-ACTH
and triptorelin acute stimulation tests is a simple,
non-invasive and useful way to determine whether

Table 2 - Hormone values at baseline (during dexamethasone treatment) and in response to GnRH-analogue triptorelin. 

Patients (no.=48) Controls (no.=36)

LH/FSH ratio 1.37 1.19

FSH (IU/l)
basal 6.86±3.6 8±1.4
maximum 29.9±11.2* 44.6±6.1

LH (IU/l)
basal 10.5±6.8 10.6±3.5
early response 33.3±21§ 23.5±3.5
maximum 138±69 117±23

17-hydroxyprogesterone (nmol/l)
basal 1.94±1.65* 0.9±0.32
maximum 9.2±7.4* 3.6±1.3

�4-androstenedione (nmol/l)
basal 4.37±2.8* 2.51±1.51
maximum 5.43±3.41 4.5±0.6

Testosterone (nmol/l)
basal 1.2±0.93§ 0.83±0.2
maximum 1.27±0.8§ 1.0±0.2

Estradiol (pmol/l)
basal 152±11 162±18
maximum 629±239 502±48

*p<0.001 and §p<0.05 vs controls. All values are mean±SD, maximal values were defined as a peak for gonadotropins and as the mean value at 16 to
24 h for steroids. Early response of LH means its value at 30 min.

23%

25% 16.6%

35.4%

Hyperresponsiveness to
ACTH alone

Hyperresponsiveness to
triptorelin alone

Hyperresponsiveness to
both stimulation tests

Normal response to both
tests

Fig. 2 - Relative expression of adrenal, ovarian functional hyper-
androgenism in 48 women with apparently idiopathic hirsutism;
16.6% of women had hyperresponsiveness of at least one steroid
to ACTH test alone, 23% to triptorelin test alone, 35.4% to both
tests and 25% had normal responses. In summary, adrenal hy-
perandrogenism occurred in 52% (16.6+35.4%), and ovarian hy-
perandrogenism occurred in 58.4% (23+35.4%) of patients. 
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androgen excess may be the underlying mecha-
nism of hirsutism in women with the apparently id-
iopathic form of this disorder and whether it is of
adrenal and/or ovarian origin. The ovarian response
to triptorelin was evaluated during DXM adminis-
tration in an attempt to quantify the amount of
ovarian steroid response to GnRHa under the sup-
pression of adrenal androgen production. The long
1,24-ACTH test was performed to achieve the most
effective stimulus on adrenal steroidogenesis, es-
pecially on androgens, in keeping with the data
published and with our previous studies compar-
ing the ACTH short test (time 0-60 min) with the
ACTH long test (time 0-300-360 min) (1, 21).
Ovarian hyperresponsiveness to triptorelin defined
by �4 and T, but predominantly 17-OHP, was ob-
served in 58% women and was similar to that found
by other authors in women with polycystic ovaries
and functional ovarian hyperandrogenism; this sug-
gests an activation of P450c17 cytochrome that in-
cludes �4-17α-hydroxylase and �4-17,20-lyase ac-
tivities, with predominant abnormalities of the first
over the second in such women (14-16). The ap-
pearance of ovarian abnormalities in our patients
was supported also by the presence of an LH/FSH
ratio >2 in 12 patients, by ultrasonographic evi-
dence of polycystic ovaries in 7 and by early LH hy-
perresponsiveness to triptorelin in 19. All these ab-
normalities have already been found in association
with ovarian functional hyperandrogenism, where-
as the latter has been correlated with hypothalam-
ic-pituitary-ovarian axis dysregulation in series of
hyperandrogenic women (13, 14, 16). Only 15 of
the 28 women with ovarian hyperandrogenism de-
tected by triptorelin had impaired androgen sup-
pression after DXM. Although a high degree of con-
cordance has been previously found between acute
GnRHa and the DXM suppression tests in relation
to the diagnosis of ovarian hyperandrogenism in
clearly hyperandrogenic women (14), our data sug-
gest that acute GnRHa test may have some advan-
tages over the DXM test in uncovering functional
hyperandrogenism, at least in women with normal
basal androgen levels. However, no relationship
was observed between the endocrine pattern and
ultrasonographic findings. This is in agreement with
previous data showing polycystic ovary evidence
even in normally ovulating women without any sign
of hirsutism (25).
Fifty-two percent of women – all hyperresponsive
to 1,24-ACTH – were considered as having adrenal
steroid biosynthesis dysregulation, the expression
of which appeared widespread and variable. The
predominant hyperresponsiveness of 17-OHP and
�4 to 1,24-ACTH in some women, and of DHEAS

in others suggests that abnormal P450 c17 �4- and
�5-pathways could be a relevant underlying mech-
anism of hirsutism in some cases and the cause of
adrenal functional hyperandrogenism. Increase in
S and F responses to 1,24-ACTH indicates that oth-
er adrenal enzymes may also be hyperactive. More-
over, some women with increased F baseline and
stimulated values, not suppressed after DXM ad-
ministration, may be affected by a mild form of glu-
cocorticoid resistance (26); receptor abnormalities
have already been described in women in whom
hirsutism was the sole clinical manifestation and
who displayed a great biochemical variability of
steroid production (26). 
Although the predominant dysregulation in the �5-
pathways has been proposed by previous studies as
the most frequent cause of adrenal functional hy-
perandrogenism, other studies have reported dom-
inant abnormalities in �4-pathway (15, 27, 28).
Nevertheless, our data are in agreement with the
hypothesis of a more generalized adrenal hyperacti-
vity – rather than enhanced P45c17 activity alone – as
the cause of the adrenal component of hirsutism (22).
Although some authors have proposed various
mechanisms of idiopathic hirsutism not related to
androgen secretion, such as increased bioavail-
ability of T to target tissues, enhanced skin conver-
sion of T to dihydrotestosterone or increased cir-
culating 5α-androstanediol glucuronide levels (5-
8), these hypotheses have not been widely accept-
ed (11). More recently, abnormalities of the andro-
gen receptor function at a molecular level have
been investigated and a polymorphism with trinu-
cleotide (CAG) repeats and skewing of X-chromo-
some inactivation have been proposed as possible
mechanisms underlying the apparently idiopathic
form of hirsutism (9, 10); however, these data re-
main to be confirmed. On the contrary, our results
are in line with previous proposals suggesting that
most women with idiopathic hirsutism may have un-
derlying abnormal ovarian and/or adrenal andro-
gen production (11, 22). The hyperresponsiveness
to ovarian acute stimulation together with a wide
range of adrenal abnormalities in response to 1,24-
ACTH administration suggest that milder, but prob-
ably multiple forms of functional ovarian and/or
adrenal hyperandrogenism, similar to those found
in clearly hyperandrogenic women, frequently lead
to "idiopathic hirsutism". Being these forms of an-
drogen excess of milder entity, they do not cause
basal hyperandrogenaemia, and can be detected
only by dynamic testing of ovarian and adrenal
functions.
Finally, the determination of the etiology of hir-
sutism should be performed in all hirsute women,
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regardless of their basal androgen concentrations,
to help choose the most appropriate treatment that
may consequently result in diminished emotional
problems and better psychological outcome, es-
pecially given the young age of most of these pa-
tients.
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