
Mild Adrenal  and Ovarian Steroidogenic  Abnormal i t ies  in Hirsute  Women 
Without  Hyperandrogenemia:  Does Idiopathic  Hirsut ism Exist? 

H.F. Escobar -Morrea le ,  J. Ser rano-Gota r redona ,  R. Garcfa-Robles, J. Sancho,  and C. Varela 

To study ovarian and adrenal steroid profiles of women with idiopathic hirsutism, we compared sex steroid and basal and 
corticotropin (ACTH)-stimulated adrenal steroid levels before and after ovarian suppression induced by a long-acting 
gonadotropin-releasing hormone agonist analog (GnRH-a) in 24 hirsute women without hyperandrogenemia. Twelve healthy 
women served as controls for basal and ACTH-stimulated adrenal steroid levels. Serum levels of testosterone (T), sex 
hormone-binding globulin (SHBG), estradiol (Ea), basal and ACTH-stimulated 17-hydroxyprogesterone (17OHP), dehydroepi- 
androsterone (DHEA}, DHEA sulfate (DHEAS), A4-androstenedione (A4-A), 11-deoxycortisol (S) and cortisol (F), and basal and 
luteinizing hormone-releasing hormone (LHRH)-stimulated gonadotropin levels were measured before and 21 days after 3.75 
mg intramuscular triptorelin in hirsute women. Basal T levels and basal and ACTH-stimulated A4-A, DHEA, and DHEAS levels 
were not different in hirsute women with respect to controls. Basal and ACTH-stimulated 17OHP was elevated, and decreased 
to normal after ovarian suppression with triptorelin. Although basal and ACTH-stimulated A4-A levels were normal, the AA4-A/ 
AF and AA4-A/A17OHP ratios were elevated and remained elevated after ovarian suppression, suggesting enhanced adrenal 
~4-17,20-1yase activity. T, F, S, and DHEAS levels were not affected by ovarian suppression. Basal and ACTH-stimulated 17OHP 
and A4-A, and stimulated DHEA concentrations were reduced with ovarian suppression, but their net increment and ratio to 
the increase of F in response to ACTH remained unchanged, reflecting the ovarian contribution to the secretion of these 
steroids. We conclude that idiopathic hirsute women with normoandrogenemia show an increase in ovarian secretion of 
17OHP and a minimally increased adrenal A4-17,20-1yase activity, suggesting that mild forms of ovarian and adrenal functional 
hyperandrogenism may be present in these patients with otherwise unexplained hirsutism. 
Copyright© 1997 by W.B. Saunders Company 

T HE ETIOLOGIC DIAGNOSIS of female hyperandrogen- 
ism is often difficult. During past years, the use of 

gonadotropin-releasing hormone analogs (GnRH-a) to stimu- 
late 1,2 or to suppress 3 the ovary have allowed differentiation 
between the ovary and the adrenals as the source of androgenic 
excess in hyperandrogenic women. Despite these improvements 
in diagnosis, a significant number  of women with hirsutism 
have normal basal circulating concentrations of the main 
androgens, testosterone (T), dehydroepiandrosterone sulfate 
(DHEAS), and A4-androstenedione (A4-A). These women are 

often considered as having idiopathic hirsutism, a condition in 
which an increased bioavailability of T to target tissues and an 
increased conversion of T to dihydrotestosterone (DHT) in the 
skin have been postulated as possible underlying mechanisms. 4 
However, to date, these hypotheses have not been widely 
accepted, as unbound T and DHT are within the normal range in 
33% and 50% of these women, respectively. 5 Moreover, the 
increase in circulating 5a-androstanediol glucuronide found in 
these women, initially considered a marker of 5c~-reductase 
activity in the skin? has been shown to be related to adrenal 
androgen precursors and to liver 5oL-reductase activity. 7,8 Fi- 
nally, direct examination of androgen metabolism in individual 
anagen hair follicles has shown mixed results, 4 leaving the 
cause of hirsutism in these patients unexplained. 

To provide new insight into the pathophysiology of idio- 
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pathic hirsutism, in the present study we evaluated adrenal and 
ovarian steroid profiles in 24 women diagnosed with this 
disorder. On one hand, the use of a GnRH-a, by inducing a 
selective gonadal suppression without known effects on the 
hypothalamic-pituitary-adrenal axis, 9 permits identification of 
ovarian steroidogenic abnormalities. On the other hand, adrenal 
stimulation with corticotropin (ACTH), by studying basal and 
ACTH-stimulated steroid precursor concentrations and the 
relative increases of these precursors respective to the increase 
in their products, provide a useful tool to study the functionality 
of the different enzymatic pathways involved in adrenal synthe- 
sis of glucocorticoids and androgens. As will be seen, the 
combination of GnRH-a and ACTH testing has disclosed 
several mild abnormalities in both ovarian and adrenal steroido- 
genesis in a selected subgroup of hirsute women with otherwise 
normal circulating androgen concentrations. 

SUBJECTS AND METHODS 

Subjects 

Twenty-four women with idiopathic hirsutism, defined by the pres- 
ence of excessive body hair distributed in an androgen-dependent 
pattern, with a Ferriman-Gallwey score l° greater than 7, normal basal T, 
DHEAS, and A4-A plasma concentrations, and regular menstrual cycles 
were selected to enter the study. They were selected from a group of 66 
patients referred to the Department of Endocrinology for evaluation of 
hyperandrogenism. Forty-two hirsute patients were excluded because of 
increased basal plasma concentrations of any of these three androgens 
in the initial evaluation. The menstrual cycle interval was evaluated on 
recall for every patient, and was considered regular when the interval 
between menses was less than 35 days for at least 6 months before the 
initial evaluation. None of the patients were hypertensive or had 
evidence of Cushing's disease or drug-induced hirsutism. Hyperprolac- 
tinemia and thyroid disease were ruled out by appropriate testing. 

Twelve normal menstruating women without signs and symptoms of 
hyperandrogenism or a family history of endocrine diseases served as 
controls for basal and ACTH-stimulated steroid plasma concentrations. 
None of the patients or controls had been using hormonal medications, 
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including contraceptive pills, for the past 6 months. Results for the 
control group have been previously published in part) 

The study was approved by the local ethics committee, and informed 
consent was obtained from each patient and control. 

Experimental Design 

Studies were per formed during the follicular phase,  be tween 

days 5 and 10 of  the cycle. After  an abdominal  and pelvic 

ultrasonogram, the patients were submit ted to the fol lowing 
protocol.  

Basal study. Patients reported to the Endocrine-Metabolic testing 
room between 8 and 9 AM after an overnight fast. An indwelling 
intravenous (IV) line was placed in a forearm vein, and after 15 to 30 
minutes, bloo d samples were obtained for measurement of total T, 
estradiol (E2), and sex hormone-binding globulin (SHBG) levels. 
Immediateiy after taking basal samples, a 250-big IV bolus of 1-24 
ACTH (Synacthen; Ciba-Geigy, Basel, Switzerland) was injected, and 
blood samples were obtained at 0 and 60 minutes for measurement of 
plasma cortisol (F), ll-deoxycortisol (S), 17-hydroxyprogesterone 
(17OHP), DHEA, DHEAS, and A4-A levels. After obtaining the 
60-minute sample for the ACTH test, a 100-#g IV bolus of LHRH 
(Luforan; Serono, Madrid, Spain) was injected, and blood samples for 
LH and follicle-stimulating hormone (FSH) Were obtained at 0 and 30 
minutes. Immediately after the LHRH test was completed, a single dose 
(3.75 mg intramuscularly) of triptorelin (t>Trp6-GnRH, Decapeptyl; 
LASA-Ipsen, Barcelona, Spain) was administered. 

Ovarian suppression study. Twenty-one days after tfiptorelin admin- 
istration, in a gonadal axis suppression state, I1 basal samples for T, E2, 
and SHBG were obtained from patients, and the ACTH and LHRH tests 
were repeated. 

In control women, only the basal sampling and ACTH testing were 
performed, as triptorelin-indnced ovarian suppression was considered 
unacceptable by most of them. 

To evaluate the basal levels of adrenal steroids and to avoid a 
dexamethasone-mediated reduction of LH secretion, ~ 2.13 no dexametha- 
sone was administered to patients or normal women before the ACTH 
test. Responses to ACTH and LHRH will be identified by the steroid 
name followed by the time of the test when the sample was obtained (ie, 
DHEAS 60 for DHEAS levels at 60 minutes after ACTH injection and 
LH 0 for basal levels of LH). The adrenal steroidogenic profile was 
defined by basal and ACTH-stimulated steroid and precursor concentra- 
tion s, the net increment of precursors and steroids (zXsteroid) represent- 
ing the change in circulating levels from 0 to 60 minutes after acute IV 
administration of ACTH, and the ~Xprecursor/kproduct ratios or vice 
versa, which represent ACTH-stimulated enzymatic activity (ie, an 
increase in the A17OHP/AF ratio suggests a decreased transformation 
of 17OHP into F, indicating a decreased 21-hydroxylase or l t~ -  
bydroxylase activity; an increase in the A&4-A/A17OHP or AA4-A/AF 
ratios suggests that adrenal steroidogenesis is shifted to the synthesis of 
A4-A from 17OHP, a reaction catalyzed by A4-17,20-1yase, instead of 
the normal pathway to F synthesis from 17OHP, catalyzed by 21- 
hydroxylase and ll[3-hydroxylase). The LHRH test was used to 
evaluate basal gonadotropin secretion, and the LHRH test and basal E2 
concentrations were also used to confirm supp!:ession of the gonadal 
axis after triptorelin administration to patients. 

All blood samples were immediately centrifuged, and serum was 
separated and frozen at -20°C until assayed. 

Assays 

T, F, S, 17OHR DHEAS, 2~4-A, and E2 were determined using 
commercially available radioimmunoassay (RIA) kits (T, E2, and F: 
Sorin Biomedica, Saluggia, Italy; S: ICN Biomedicals, Costa Mesa, 
CA; 17OHP: Immnnochem, Carson, CA; DHEAS: Diagnostic Prod- 
ucts, Los Angeles, CA; 2x4-A: Incstar, Stillwater, MN). The mean 

intraassay and interassay coefficients of variation (CVs) were as 
follows: T, 8.2% and I1.4%; F, 5.6% and 8.7%; S, 7.1% and 12.6%; 
17OHP, 8.2% and 11.7%; DHEAS, 6.4% and 7.6%; 2x4-A, 7.9% and 
11.i%; and E2, 5.3% and 10.7%. DHEA level was measured by RIA 
after extraction with dichloromethane (Diagnostic Products) with 
intraassay and interassay CVs of 8.6% and 12.4%, respectively. SHBG 
level was measured by immunoradiometric assay (IRMA) (Orion 
Diagnostica, Espoo, Finland) with 4.1% and 6.0% intraassay and 
interassay CVs. The free androgen index (FAI) was calculated using the 
formula, FAI = T (nmol/L) × 100/SHBG (nmol/L). LH and FSH levels 
were measured by IRMA (CIS Bio International, Gif-sur-Yvette, 
France) with intraassay and interassay CVs of 4.3% and 9.4% and 3.5% 
and 8.7%, respectively. All hormone determinations for each individual 
were performed in duplicate within a single assay. 

Ultrasonography 

Transparietal abdom!nal and pelvic ultrasonography was performed 
in every patient using a Toshiba 3.75-MHz transducer (Tosbee SSA- 
240; Toshiba Medical Systems, Tokyo, Japan), and diagnosis of 
polycystic ovaries was based on published criteria. 14 

Statistical Analysis 

Results are expressed as the mean _+ SD in the text and tables and as 
the mean -+ SE in the figures. To compare mean values in hirsute 
women before and after ovarian suppression versus the control group, 
one-way ANOVA was used, followed by Dunnet's post hoc procedure to 
separately compare the mean steroid values before and after ovarian 
suppression with the values of the control group. 15 Patients' hormonal 
parameters before and after ovarian suppression were compared by the 
paired two-tailed t test. P less than .05 was considered significant. 

RESULTS 

Clinical Characteristics, Ultrasonographic Findings, LH:FSH 
Ratio, and Confirmation of TriptoreIin-Induced Gonadal Axis 
Suppression 

The group o f  hirsute women  had a mean age of  24 _+ 6 years 

(range, 16 to 40), a body mass  index of  24 _+ 5 kg/m 2, and a 

Ferr iman-Gal lwey score of  14 _+ 5. The control  group had a 
mean age of  27 ~ 4 years (range, 23 to 38) and a body mass  
index of  23.1 _+ 6.0 kg/m 2. Polycyst ic  ovaries were found at 

ul trasonography in five women  (20.8%) with idiopathic hirsut- 
ism. A LH:FSH ratio more  than 2 was found in one patient with 

ultrasonographic polycyst ic  ovaries and one with normal  ova- 

ries. E2 and basal and LHRH-st imulated serum gonadotropin 
concentrat ions demonstrated ovarian suppression in all patients 

by day 2 l  (Fig 1). SHBG concentrat ions were not affected by 

ovarian suppression (Fig 1). Gonadal  suppression was well  
tolerated, and only mild symptoms of  estrogen deprivation were 
reported by some patients during this period. All  patients 

regained their cycle within 4 months  after administration of  
tript0relin. 

Basal Steroid Profile 

T, FAI, F 0 and F 60, S 0 and S 60, A4-A 0, D H E A  0 and 
D H E A  60, and DHEAS 0 and DHEAS 60 were  not  different 
with respect  to control levels (Table 1). Oniy two hirsute women  
(8.3%) had mildly elevated FAI. When  studying the patients as 
a group, there was an increase in mean  serum 17OHP 0 and 
17OHP 60, whereas mean A17OHP and A17OHP/AF were 
normal (Tables 1 and 2 and Fig 2). Al though mean A4-A 0, A4-A 
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60, and AA4-A were normal, mean AA4-A/AF and AA4-A/ 
A17OHP ratios were elevated (Tables 1 and 2 and Fig 3). 
Accordingly, when comparing individual patient data with the 
upper limit of the 95% confidence interval derived from the 
control group, 15 patients (62.5%) had an increased serum 
17OHP 0, 13 (54.2%) an increased 17OHP 60, 16 (66.7%) an 
increased AA4-A/AF ratio, and 13 (54.2%) an increased AA4-A/ 
A 170HP ratio. In fact, all these parameters were normal in only 
two of 24 patients. 

Steroid Profile During Triptorelin-Induced Ovarian 
Suppression 

During ovarian suppression, mean 17OHP 0 and 17OHP 60 
levels of the patients were no longer different from those of the 
control group, as a decrease in these values with respect to the 
values before ovarian suppression was noted (Table 1 and Fig 
2). On the contrary, and although there was a decrease within 
the normal range in mean A4-A 0 and A4-A 60 levels after 
ovarian suppression, mean AA4-A/AF and AA4-A/A17OHP 
ratios remained elevated (Tables 1 and 2 and Fig 3). Total 3". 
FAI. and the remainder of the steroid precursors remained 
within the normal range (Table 1L and the elevated FAI present 
in two of the hirsute women normalized after ovarian suppres- 
sion. 

DISCUSSION 

In the present study, we show that virtually all women with 
hirsutism can be demonstrated to have some underlying abnor- 
mality in androgen metabolism. All the women included in our 
study were considered as having idiopathic hirsutism during 
initial evaluation, based on the absence of severe virilization 
and menstrual disturbances and the absence of hyperandrogen- 
emia. The percentage of hirsute women without basal hyperan- 
drogenemia in our series (24 of 66 patients. 36.6% ~ is in line 
with that of previous studies. 5 in which 33% to 50% of hirsute 
women have normal basal androgen and SHBG characteristics. 
The Subsequent detailed study reported here for the steroid 
profiles of our patients before and after ovarian suppression 
with a long-acting GnRH-a disclosed several abnormalities that. 
although mild, suggest that the hirsutism of these women can no 
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Fig 1. Effects of triptorelin administration on circu- 
lating concentrations of Ea, basal {LH 0) and LHRH- 
stimulated (LH 30) LH, basal (FSH 0) and LHRH- 
stimulated {FSH 30) FSH, and SHBG; *At  least P < .05 
in the comparison of basal and ovarian suppression 
states in hirsute women by paired ttest. 

longer be considered "idiopathic," reducing to 3% (two of 66 
patients) the percentage of hirsute women with completely 
normal adrenal and ovarian steroid profiles. Our present results 
are in agreement with previous hypotheses suggesting that 
nearly all women with idiopathic hirsutism have underlying 
abnormalities in ovarian androgen production, 16 and further 
suggest that the abnormalities i n androgen metabolism present 
in idiopathic hirsutism are not restricted to the ovary, originat- 
ing also from the adrenal gland. 

The finding of elevated 17OHP 0 levels that return to normal 
after ovarian suppression suggests an underlying abnormality in 
ovarian steroidogenesis. In the same way, we propose that the 
relative increase in 17OHP 60 levels found in this group of 
hirsute women with respect to controls should be considered a 
normal adrenal response superimposed on an increased 17OHP 
basal level of ovarian origin, as these elevated levels returned to 
normal with ovarian suppression and the net increment and 
ratios to F have been normal, excluding 21-hydroxylase hypo- 
function. The presence of an underlying ovarian steroidogenic 
abnormality is also favored by the presence of polycystic 
ovaries and a LH:FSH ratio more than 2 in five and two patients, 
respectively. None of the women studied presented 17OHR S, 
and DHEA responses to ACTH characteristic of nonclassic 
21-hydroxylase, 1113-hydroxylase, or 3[3-hydroxysteroid dehy- 
drogenase deficiencies. 

Although A4-A 0, A4-A 60, and AA4-A were not different in 
hirsute women with respect to controls, basal AA4-A/AF and 
AA4-A/A17OHP ratios showed a fivefold to 10-fold increase, 
pointing to a n increased A< i 7,20-1yase activity in these hirsute 
women. The fact that these ratios remained increased after 
ovarian suppression suggests that the defect is restricted to the 
adrenal and is not influenced by ovarian function. 

The increase in  ovarian 17OHP secretion together with the 
apparent increase in adrenal A4-17,20-1yase activity suggests 
that an enhanced cytochrome P450c17c~ activity, by causing 
very mild forms of functional ovarian and adrenal hyperandro- 
genism, may be one of the underlying mechanisms leading to 
idiopathic hirsutism. An enhanced ACTH-stimulated adrenal 
A4-17,20-1yase activity, similar to the enhanced activity present 
in our patients, has been recently found by Azziz et a117 in 
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Table 1. Basal and ACTH-Stimulated Steroids of Women with 
Idiopathic Hirsutism Before and After Triptorelin-lnduced Gonadal 

Axis Suppression Compared with Normal Women 

Hormone Normal (n = 12) Idiopathic Hirsutism (n = 24) 

T (ng/dL) 

Before triptorelin 39 ± 14 45 ± 14 

After triptorelin NP 37 + 13 

FAI 

Before triptorelin 3.67 -+ 1.96 4.33 ± 2,62 

After triptorelin NP 3.48 + 1.73 

F 0 (Fg/dL) 

Beforetriptorelin 16 ± 6 17 ± 7 

After triptorelin NP 15 ± 6 

F 60 (pg/dL) 

Beforetriptorelin 31 + 8 31 ± 8 

After triptorelin NP 31 + 10 

S 0 (ng/mL) 

Before triptorelin 3.8 ± 2.2 3.5 + 2.0 

After triptorelin NP 3.4 ± 2.2 

S 60 (ng/mL) 

Before triptorelin 7.2 -+ 4.1 6.4 + 3.8 

After triptorelin NP 5.8 _+ 2.8 

17OHP 0 (ng/mL) 

Before triptorelin 0.8 -+ 0.3 1.3 ~- 0.7* 

After triptorelin NP 0.8 + 0.51- 

17OHP 60 (ng/mL) 

Beforetriptorelin 2.1 ± 0.9 2.9 ÷ 0.9* 

After triptorelin NP 2.5 ± 0.8¢ 

DHEA 0 (ng/mL) 

Before triptorelin 8.1 ± 4.1 9.4 ± 4,9 

After triptorelin NP 8.3 ± 4,4 

DHEA 60 (ng/mL) 

Beforetriptorelin 13.8 -+ 7.0 18.7 ± 7.0 

After triptorelin NP 16.7 _+ 5,5~ 

DHEAS 0 (ng/mL) 

Before triptorelin 1,994 -+ 756 2,598 + 820 

After triptorelin NP 2,638 + 1,081 

DHEAS 60 (ng/mL) 

Before triptorelin 1,865 -+ 591 3,046 ± 1,369 

After triptorelin NP 2,890 + 1,281 
A4-A 0 (ng/mL) 

Before triptorelin 2.6 ± 0.8 2.8 -+ 0.8 

After triptorelin NP 2.2 _+ 0.8t 
'34-A 60 (ng/mL) 

Before triptorelin 3.0 ± 1.0 3.8 + 1.3 

After triptorelin NP 3.2 ± 0.9f 

NOTE. Values are expressed as the mean ± SD. 

Abbreviation: NP, not performed (triptorelin was not administered 

to normal women). 

*At  least P < .05 v normal women by one-way ANOVA followed by 

Dunnet's procedure for comparison with a control group. 

tA t  least P < .05 when comparing values before and after ovarian 
suppression in hirsute women by paired ttest. 

approximately 15% of nonselected hyperandrogenic women. 
Moreover, the increased secretion of 17OHP in our hirsute 
women, which appeared to have an ovarian origin, is in 
agreement with the enzymatic dysregulation found in the 
ovaries of women with functional ovarian hyperandrogenism, 
in which abnormalities of ovarian A4_ 17e~-hydroxylase predomi- 
nate over those of A<17,20-1yase. 2 17,20-Lyase and 17- 
hydroxylase activities are mediated by cytochrome P450c17e~. 
As discussed previously,~S cytochrome P450c 17c~ is encoded by 

a single gene in chromosome 10, and is expressed in both the 
adrenal and ovarian theca cells. Regulation of its expression 
could be different in the ovary versus the adrenal, 2 resulting in 
preferential A4-17a-hydroxylase activity in the former and 
preferential M-17,20-1yase activity in the latter. 

However, the predominant involvement of the M-pathway in 
functional hyperandrogenism 2 is especially intriguing, as the 
only enzyme known to have 17,20-1yase activity, P450c17e~, 
primarily uses 2xS-steroids as substrates in humans, whereas in 
mice both A 4- and 215-steroids are used by this enzyme. 2 Thus, 
the underlying mechanism of the M-steroid abnormalities 
found in women with functional hyperandrogenism has not 
been totally elucidated, and a generalized adrenal hyperactivity 
rather than an enhanced P450c17c~ activity has been recently 

Table 2. Net increments of ACTH-Stimulated Steroids and Their 
Molar Ratios to the Increment of F and to the Increment of Other 
Steroids in Women With Idiopathic Hirsutism Before and After 

Triptorelin-lnduced Gonadal Axis Suppression and Normal Women 

Parameter Normal (n = 12) Idiopathic Hirsutism (n = 24) 

&F (pg/dL) 

Before triptorelin 

After triptorelin 

AS (ng/mL) 

Before triptorelfn 

After triptorelin 

/~S/~F 

Before triptorelin 

After triptorelin 

'~17OHP (ng/mL) 

Before triptorelin 

After tri 3torelin 

A17OHP/AF 

Before triptorelin 

After tri ~torelin 

,~DHEA (ng/mL) 

Before triptorelin 

After tri 3torelin 
ADHEA/AA4-A 

Before tri 3torelin 

After triptorelin 

~DHEA/AF 

Before triptorelin 

After tri 3torelin 

.~DHEAS (ng/mL) 

Before triptorelin 

After triptorelin 
ADHEAS/AF 

Before triptorelin 

After triptorelin 
,AA4-A (ng/mL) 

Before triptorelin 

After tri 3torelin 
,_kA4-A/A 17OH p 

Before triptorelin 

After triptorelin 
A~4-A/~F 

Before triptorelin 

After triptorelin 

1 5 ± 7  1 5 + 6  

NP 16 ± 7 

3.4 ± 3.3 2.8 _+ 2.4 

NP 2.4 ± 3.4 

0.037 ± 0.066 0.024 _+ 0.024 

NP 0.013 ± 0.020 

1.3±0.8 1.7± 0.9 

NP 1.6 ± 0.7 

0.009 ± 0.003 0.015 _+ 0.010 

NP 0.013 -+ 0.008 

5.8 ± 6.7 9.3 ± 6.5 

NP 8.4 -+ 5.7 

13.2 -+ 10.8 10.4 ± 10.5 

NP 6,6 ± 9.4 

0.034 ± 0.030 0.087 ± 0.070 

NP 0,085 ± 0,080 

-130 _+ 288 449 ± 875 

NP 251 ± 553 

-0.001 -+ 0.002 0.005 ± 0.014 

NP 0.002 ± 0,005 

0.4 + 0.8 1.1 ± 1.0 

NP 1.0 ± 0.7 

0,176 ± 0.584 0.798 ± 0.755* 

NP 0.738 ± 0.651" 

0,002 + 0.006 0.011 ± 0.013" 

NP 0.010 -+ 0.008* 

NOTE. Values are expressed as the mean ± SD, 

*At  least P < .05 v normal women by one-way ANOVA followed by 
Dunnet's procedure for comparison with a control group. 
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Fig 2. Responses of plasma 17OHP concentrations to ACTH (170HP 
0, basal 17OHP; 170HP 60, 17OHP 60 minutes after a 250-/~g IV bolus 
of 1-24 ACTH; 17OHP 0-60, net increment in 17OHP in response t0 
ACTH; A17OHP/AE molar ratio of the increase in 170HP after ACTH 
stimulation with respect to the increase in cortisol). *At  least P < .05 
v normal women by one-way ANOVA followed by Dunnet's proce- 
dure for comparison with a control group, t a t  least P < .05 when 
comparing values before and after ovarian suppression in hirsute 
women by paired ttest. 

proposed as the cause of the adrenal component in hirsute 
women. 17 Although we have not completely examined the 
adrenal A5-steroid concentrations, basal and ACTH-stimulated 
DHEA concentrations have not been different from the concen- 
trations in controls, suggesting that at least adrenal A5-17,20 - 
lyase activity is not increased. Moreover, as already stated, a 

deficiency of adrenal 3 [~-hydroxysteroid dehydrogenase, which 
has been proposed as a frequent cause of adrenal hyperandrogen- 
ism with increased AS-steroid concentrations in hirsute women, 19 
was not present in our patients. 

The FAI was normal in all our patients except two, in whom 
the increase was mild, and as a group, the FAI was not different 
from the control level. Thus, an increased bioavailability ofT to 
the pilosebaceous unit does not seem related to hirsutism in 
these women. In any case, assuming that 5c~-reductase activity 
could be increased in our patients, the presence of mild 
functional adrenal and ovarian hyperandrogenism would further 
contribute, by increasing the substrate to 5eL-reductase, to the 
development of hirsutism. There is a possibility that these 
women could later develop hyperandrogenemia if left un- 
treated. Unfortunately, we were unable to provide data answer- 
ing this question, as all these patients underwent treatment 
immediately after the diagnosis was established. 

Finally, the relatively high prevalence of ultrasonographic 
polycystic ovaries in our series could be related to an increased 
androgenic environment in the ovary caused by the intrinsic 
adrenal and ovarian enzymatic abnormalities described earlier. 
A prevalence of ultrasonographic polycystic ovaries in women 
with idiopathic hirsutism as high as 92% has been reported 
previously. 2° However, according to Poison et al, 21 up to 23% of 
apparently normal ovulatory women have polycystic ovaries on 
ultrasound examination, casting doubt about the functional 
correlate of this finding in our patients. 

In conclusion, the increase in ovarian secretion of 17OHP and 
the adrenal hyperresponsiveness to ACTH, as assessed by 
enhanced adrenal A4-17,20-1yase activity, suggests that women 
with idiopathic hirsutism might actually suffer from mild forms 
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Fig 3. Responses of plasma ~4-A concentrations to ACTH (~4-A 0, basal A4-A; A4-A 60, ~4-A 60 minutes after a 250-pg IV bolus of 1-24 ACTH; 
A4-A0-60, net increment in A4-A in response to ACTH; AA 4 -A/AF, molar ratio of the increase in A4-A after ACTH stimulation with respect to the 

4 increase in 17OHP; AA4-A/AF, molar ratio Of the increase in A -A after ACTH stimulation with respect to the increase in cortisol). *At least P < .05 
v normal women by one-way ANOVA followed by Dunnet's procedure for comparison with a control group, t a t  least P < .05 when comparing 
values before and after ovarian suppression in hirsute women by paired ttest. 
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of  functional ovarian and adrenal hyperandrogenism.  Our 
present  results may suggest  that an enhanced activity of  
P450c17c~, a key enzyme in the synthesis  o f  androgens in the 
adrenal and the ovary, is present  in nearly all w o m e n  with 
functional hirsut ism regardless of  whether  hyperandrogenemia  
is also present.  

ACKNOWLEDGMENT 

We are indebted to Jos6 Gonzgtlez Casbas, MD, Department of 
Gynecology, Hospital Ramdn y Cajal, Madrid, Spain, for the detailed 
ultrasonographic studies. Also, we would like to thank Genoveva 
Gonzfilez and M. Dolores Carreto for technical assistance. 

REFERENCES 

1. Ehrmann DA, Rosenfield RL, Barnes RB, et al: Detection of 
functional ovarian hyperandrogenism in women with androgen excess. 
N Engl J Med 327:157-162, 1992 

2. Ehrmann DA, Barnes RB, Rosenfield RL: Polycystic ovary 
syndrome as a form of functional ovarian hyperandrogenism due to 
dysregulation of androgen secretion. Endocr Rev 16:322-353, 1995 

3. Escobar-Morreale H, Pazos F, Potau N, et al: Ovarian suppression 
with triptorelin and adrenal stimulation with adrenocorticotropin in 
functional hyperandrogenism: Role of adrenal and ovarian cytochrome 
P450c17 alpha. Fertil Steri162:521-530, 1994 

4. Lobo RA: Hirsutism, alopecia, and acne, in Becker KL: Principles 
and Practice of Endocrinology and Metabolism. Philadelphia, PA, 
Lippincott, 1990, pp 835-848 

5. Horton R, Lobo R: Peripheral androgens and the role of androstane- 
diol glucuronide. Clin Endocrinol Metab 15:293-306, 1986 

6. Panlson RJ, Serafini PC, Catalino JA, et al: Measurements of 
3e~, 17[~-androstanediol glucuronide in serum and urine and the correla- 
tion with skin 5~-reductase activity. Fertil Steri146:222-226, 1986 

7. Rittmaster RS, Zwicker H, Thompson DL, et al: Androstanediol 
glucuronide production in human liver, prostate and skin. Evidence for 
the importance of the liver 5e~-reduced androgen metabolism. J Clin 
Endocrinol Metab 76:977-982, 1993 

8. Rittmaster RS: Clinical relevance of testosterone and dihydrotes- 
tosterone metabolism in women. Am J Med 98:17S-21 S, 1995 (suppl) 

9. Wilson EE, Little BB, Byrd W, et al: The effect of gonadotropin- 
releasing hormone agonists on adrenocorticotropin and cortisol secre- 
tion in adult premenopausal women. J Clin Endocrinol Metab 76:162- 
164, 1993 

10. Ferriman D, Gallwey JD: Clinical assessment of body hair 
growth in women. J Clin Endocrinol Metab 21:1440-1447, 1961 

11. Castelo-Branco C, Martfnez de Osaba MJ, Martfnez S, et al: 

Effects of a long-acting gonadotropin-releasing hormone analog on the 
pituitary-ovarian-adrenal axis in women with severe hirsutism. Metabo- 
lism 45:24-27, 1996 

12. Gonzalez-Barcena I), Kastin AJ, Schalch DS, et al: Response to 
LH-RH in women before and after treatment with prednisone. Int J 
Fertil 19:107-110, 1974 

13. Sakakura M, Takebe C, Nakawaka S: Inhibition of luteinizing 
hormone secretion induced by synthetic LRH by long-term treatment 
with glucocorticoids in human subjects. J Clin Endocrinol Metab 
40:774-779, 1975 

14. Adams J, Polson DW, Abdulwahid N, et al: Multifollicular 
ovaries: Clinical and endocrine features and response to pulsatile 
gonadotropin releasing hormone. Lancet 2:1375-1379, 1985 

15. Dawson-Satmders B, Trapp RG: Basic and Clinical Biostatistics. 
East Norwalk, CT, Appleton & Lange, 1990 

16. Kirschner MA, Zucker IR, Jespersen D: Idiopathic hirsut- 
ism An ovarian abnormality. N Engl J Med 294:637-640, 1976 

t7. Azziz R, Bradley EL, Potter HI), et al: Adrenal androgen excess 
in women: Lack of a role for 17-hydroxylase and 17,20-1yase dysregula- 
tion. J Clin Endocrinol Metab 80:400-405, 1995 

18. Roseufield RL, Barnes RB, Cara JF, et al: Dysregulation of 
cytochrome P450c17e~ as the cause of polycystic ovarian syndrome. 
Fertil Steril 53:785-791, 1990 

19. Eldar Geva T, Hurwitz A, Vecsei R et al: Secondary biosynthetic 
defects in women with late-onset congenital adrenal hyperplasia. N 
Engi J Med 323:855-863, I990 

20. Adams J, Polson DW, Franks S: Prevalence of polycystic ovaries 
in women with anovulation and idiopathic hirsutism. Br Med J 
293:355-359, 1986 

21. Polson DW, Adams J, Wadsworth J, et al: Polycystic ovaries--A 
common finding in normal women. Lancet 1:870-872, 1988 


