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Abstract

To investigate the effect of low-doses of glucocorticoids on androgen and cortisol secretion during
the course of the day, we evaluated clinical signs of hyperandrogenism and total, free and
bioavailable testosterone, SHBG, and cortisol following two different protocols: A) fourteen patients received
betamethasone 0.6 mg/day (n=8) or methylprednisolone 4 mg/day (n=6), as single daily oral dose at 11.00 PM,
during 30 days, B) fourteen patients were evaluated under betamethasone 0.3 mg in a single daily dose at 11.00
PM during six months, 11 out of whom were re-evaluated six months later. Twenty eight women with hyperandrogenism were included and seven normal females were used as control. Blood samples were taken in follicular
phase at 8 AM and 7 PM to determine SHBG, cortisol, total, free and bioavailable testosterone. In both protocols,
a significant morning and evening decrease in cortisol and testosterone (p<0.05 to < 0.01), which was more
marked with betamethasone (p<0.05), was shown. In protocol B, morning SHBG levels showed a significant increase (p<0.05) and betamethasone also improved clinical hyperandrogenism along the trial. Although morning
and evening cortisol significantly decreased during treatment, no side effects were reported. The 11 patients reevaluated after therapy withdrawal, showed a rise in serum total testosterone and its fractions to pre-treatment
values and a normalization of cortisol levels. It is concluded that glucocorticoids in low-doses effectively normalize serum androgens, independently of their origin. They may be used therapeutically, mainly whenever a hyperandrogenic woman presents with cycle irregularities or seeking fertility.
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Efecto de bajas dosis de glucocorticoides en el hiperandrogenismo. Con el objetivo de investigar el efecto de bajas dosis de glucocorticoides sobre la secreción de andrógenos y cortisol en el
curso del día, evaluamos signos de hiperandrogenismo, testosterona total, libre y biodisponible y cortisol según
dos protocolos diferentes: A) catorce pacientes recibieron betametasona 0.6 mg/día (n= 8) o metilprednisolona
4 mg/día (n= 6) en dosis única cotidiana, a las 23 h, durante 30 días, B) catorce pacientes fueron evaluadas
bajo betametasona 0.3 mg en dosis única cotidiana a la 23 h, administrada durante 6 meses; de ellas, 11
pacientes fueron re-evaluadas 6 meses más tarde. Se incluyeron 28 mujeres con hiperandrogenismo y 7 controles
normales. Se obtuvieron muestras de sangre en fase folicular a las 08:00 y 9:00 h para determinar SHBG, cortisol, testosterona total, libre y biodisponible. En ambos protocolos se observó una disminución significativa de
cortisol y testosterona (p<0.05 a <0.01), más importante con betametasona (p<0.05). En el protocolo B, los niveles
matutinos de SHBG aumentaron significativamente (p<0.05) y se observó mejoría clínica con el tratamiento.
Aunque los niveles matutinos y vespertinos de cortisol disminuyeron significativamente durante el tratamiento,
no se observaron efectos secundarios. En las 11 pacientes reevaluadas luego de suspensión de glucocorticoides
se observó un aumento de testosterona y sus fracciones a los niveles pre-tratamiento con normalización de las
concentraciones de cortisol. Dosis bajas de glucocorticoides normalizaron eficazmente los andrógenos séricos
elevados, independientemente de su causa. Pueden emplearse terapéuticamente, en especial cuando una mujer
hiperandrogénica presenta alteraciones del ciclo menstrual o busca fertilidad.
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ers, to polycystic ovary syndrome (PCOS), late onset
congenital adrenal hyperplasia or 5α reductase hyperactivity1. Its prevalence in our country has been estimated
to be as high as 17% in women between 18 to 29 years2.
This disorder is characterized in most cases by hyperandrogenemia and one or more clinical signs such as acne,
alopecia, hirsutism, seborrhea, menstrual cycle irregularities or infertility3-5. Prior evidence suggests that one
early alteration of this syndrome could be a decrease in
serum sexual hormone binding globulin (SHBG) levels6
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which consequently promotes an increase in free and
bioavailable testosterone.
Since the 1950s, glucocorticoids (GC) have been used
to treat HA7. This therapeutic option has been reported to
lead not only to normalization of serum androgen levels
but also to amelioration of cutaneous symptoms8 and
improvement in ovulatory function7. Prolonged treatment
with low doses of GC during 1 to 2 years may result in a
lasting remission of hyperandrogenism for up to 3 to 4
years9. The aim of our study was to investigate in women
with hyperandrogenism the effect of low-dose glucocorticoid administration on androgen and cortisol secretion,
during the course of the day.

Materials and Methods
The study included 28 women (aged 17 to 31 years) with clinical and biochemical hyperandrogenism who consulted at the
outpatient ward of our Division of Endocrinology. Diagnosis
was made on the basis of previous history, physical examination and serum androgen determinations. Inclusion criteria
were the presence of hirsutism with a Ferriman & Gallwey
score (FG)3 ≥ 8 accompanied by seborrhea, and/or alopecia
and/or acne and/or oligomenorrhea, and the demonstration of
serum androgen concentrations above the upper normal reference values. Exclusion criteria were: patients with idiopathic
hyperandrogenism (no hyperandrogenemia), those who received treatment with GC, antiandrogens and/or oral contraceptives during the last 6 months or with chronic diseases,
virilizing tumors, Cushing's syndrome, pregnancy, obesity (BMI
>30), dyslipidemia, diabetes and/or family history of diabetes 10;
no specific studies were done to exclude late-onset CAH.
Seven normal females aged 19 to 29 years; BMI 21.35 ± 1.15;
Ferriman & Gallwey score ≤ 7 and regular cycles were used
as control for inclusion criteria. The study was approved by
the local Ethical Committee and all the patients included were
informed about the purpose of the study and gave their written informed consent.
Blood samples were taken in follicular phase at 8 AM and
7 PM to determine total testosterone by RIA (Coat-A-Count,
DPC), SHBG by IRMA (ORION Diagnostica), cortisol by RIA
(Coat-A-Count, DPC); free and bioavailable testosterone were
calculated11. Assays were done in runs specifically dedicated
to this study.

Protocols and design
For the purposes of the study, betamethasone and methylprednisolone both widely used in our country were employed.
Hyperandrogenic patients were investigated following two different protocols.
Protocol A : In this protocol, we compared the effects of
an intermediate (methylprednisolone) and a long (betamethasone) acting GC in doses nearly equivalent to the maximal
endogenous cortisol secretion 12. Fourteen females with
hyperandrogenism were randomly assigned to one of two
treatment groups. The first one (n=8), aged 18 to 28 years,
BMI (mean ± SD) 20.97 ± 1.98 received betamethasone 0.6
mg; the other group (n=6), aged 19 to 28 years, BMI 22.50 ±
2.53 received methylprednisolone 4 mg. The drugs were administered as a single daily oral dose at 11.00 PM during 30
days. Blood samples were obtained just before and after completing treatment.

Protocol B: We used a lower dose of betamethasone (half
the dosage used in Protocol A) for a longer period, in order
to explore if it was able to maintain androgen suppression
while inducing a less significant suppression of the ACTHcortisol axis. Fourteen females, aged 17 to 31 years, BMI
21.97 ± 2.99 were included in this second trial. The hyperandrogenic women were treated with betamethasone 0.3 mg in
a single daily dose at 11.00 PM during six months. Clinical
and biochemical assessement were performed before, and
after 2 and 6 months of steroid treatment. Eleven out of the
14 patients were also re-evaluated six months after therapy
withdrawal.
Statistical procedures
Parametric data were expressed as means ± standard deviation (x ± SD), except for age which was expressed as mean
and range. Distribution data were indicated in percentages.
Student's t-test for independent variables was used to assess
group demographic differences. One way ANOVA and Newman
Keuls were employed to analyze the biochemical values. Nonparametric data were expressed as medians ± 95% confidence interval (95% CI). These data were analyzed by the
Wilcoxon matched paired test or χ2 with Yates' correction. All
statistical procedures were performed using Statistica 5.5 for
Windows. All tests of significance were performed at p <0.05
level.

Results
Table 1 shows a comparison of clinical parameters between control and hyperandrogenic women, whereas in
Table 2 a comparison between baseline hormone variables of patients included in both protocols and control
women is represented. As it was expected, main clinical
and biochemical data of control and hyperandrogenic
women were significantly different.

Protocol A (Table 3)
In treated patients, there was a significant decrease in
mean total, free and bioavailable testosterone with both
steroids, but this effect was more marked with betamethasone than with methylprednisolone. Morning serum
cortisol concentrations were also decreased by both treatments. Evening serum levels of testosterone and cortisol
were significantly lower with betamethasone than with
methylprednisolone. SHBG levels were not modified by
either GC in this short period of treatment. Mild untoward
effects (gain weight, edema and facial plethora) were seen
only in three patients treated with betamethasone.

Protocol B (Table 4)
Total testosterone and its fractions were significantly suppressed by betamethasone along treatment. After 6
months of treatment there was a significant decrease only
in seborrhea (86%, n=12, to 14%, n=2; p<0.001) whereas
improvement of acne, alopecia and menstrual cycles were
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TABLE 1.– Comparison of clinical data of hyperandrogenised (HA)
women with control women

Age (years)
Body Mass Index
Systolic blood pressure (mmHg)
Diastolic blood pressure (mmHg)
Irregular menstrual cycles (%)
Ferriman - Gallwey score
Seborrhea (%)
Alopecia (%)
Acne (%)

Control
(n=7)

HA women
(n=28)

p

26.00 (19 - 29)
21.32 ± 1.37
107.14 ± 12.53
71.42 ± 8.99
0
2.57 ± 3.12
0
0
0

23.36 (17 -31)
21.80 ± 2.61
106.43 ± 11.62
66.07 ± 6,29
50
12.18 ± 4.22
93
36
64

ns
ns
ns
ns
<0.05+
<0.001*
<0.01+
ns
<0.01+

* Student t test; + Fisher exact test.; ns: non significant

TABLE 2.– Morning (8 AM) and evening (7 PM) laboratory data of hyperandrogenised (HA)
women compared with control women

Control
(n=7)
Total testosterone (ng/ml)
Bioavailable testosterone (ng/dl)
Free testosterone (ng/dl)
SHBG (nM)
Cortisol (µg/dl)

0.31
5.03
0.22
73.2
14.3

±
±
±
±
±

Morning
HA women
(n=28)

0.13
2.15
0.09
12.4
7.30

00.60
20.69
00.98
035.2
19.0

±
±
±
±
±

0.21
8.78
0.57
14.6
5.6

p

<0.01
<0.001
<0.05
<0.001
0ns

Control
(n=6)
0.29
4.18
0.31
87.2
8.2

±
±
±
±
±

Evening
HA women
(n=28)

0.17
2.39
0.31
11.8
7.4

0.54 ± 0.18
17.51 ± 7.52
0.75 ± 0.32
35.1 ± 14.5
11.0 ± 6.5

p

<0.050
<0.001
<0.010
<0.001
ns

Student t test; ns: non significant.

reported only by few patients, and hirsutism remained
unchanged. Interestingly, morning SHBG levels showed
a significant increase, yet without reaching the control
group level. Although not totally suppressed, morning and
evening cortisol significantly decreased to subnormal values during treatment (Table 4). No side effects were seen
during this trial. After six months of betamethasone withdrawal, eleven patients were re-evaluated. They showed
a rise in serum total testosterone and its fractions to pretreatment abnormally high values and a normalization of
cortisol levels. Even though SHBG concentration seemed
to be similar to that obtained under therapy, it was not
significantly different from pretreatment levels.

Discussion
In the hyperandrogenic syndrome, an overlap between
ovarian and adrenal production has been described13-16,
which was attributed to the presence of excessive adre-

nal androgen levels in approximately 60% of PCOS patients17. Even though it is well recognized the rol of insulin resistance and hyperinsulinemia over ovarian
hyperandrogenism, we did not evaluate this condition biochemically, based upon a recent consensus meeting on
polycystic ovary syndrome10.
Adrenal androgen secretion is more sensitive to suppression by glucocorticoids than adrenal cortisol secretion18. Moreover, it has been suggested that the use of
low doses of GC can extend the lenght of remission of
hyperandrogenism after discontinuing this therapy, as
previously reported by Steinberger et al.7 and confirmed
by other authors, who evaluated the effectiveness of GC
in HA, documenting prolonged remission of the syndrome
after treatment withdrawal9, 19.
The frequency of hyperandrogenic signs was significantly higher in our patients than in controls with the exception of alopecia, probably due to the small size of the
population sample. In protocol A we compared the degree of androgen and cortisol suppression between
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TABLE 3.– Comparison of morning (8 AM) and evening (7 PM) laboratory values of hyperandrogenised women,
before and under treatment with betamethasone, 0.6 mg daily (B; n=8) vs methylprednisone, 4 mg daily (MP; n=6)
(Protocol A)
Before
(8.00 AM)
Total testosterone (ng/ml)
Free testosterone (ng/dl)
Bioavailable testosterone (ng/dl)
SHBG (nM)
Cortisol (µg/dl)

B
MP
B
MP
B
MP
B
MP
B
MP

0.63
0.54
0.90
0.95
21.11
22.29
34.79
27.42
20.01
22.00

±
±
±
±
±
±
±
±
±
±

Under
(8.00 AM)

0.20
0.17
0.40
0.44
9.43
10.20
15.57
12.58
6.58
4.71

0.14
0.34
0.17
0.41
3.95
9.73
38.34
35.78
0.69
1.02

±
±
±
±
±
±
±
±
±
±

0.07**
0.14*+
0.07**
0.15*+
1.60**
3.28*+
12.87
11.01
1.17**
0.54**

Before
(7.00 PM)
0.62
0.58
0.83
0.89
19.46
20.92
36.71
30.25
14.29
11.43

±
±
±
±
±
±
±
±
±
±

0.19
0.09
0.36
0.36
8.39
8.49
13.54
14.93
9.35
6.56

Under
(7.00 PM)
0.15
0.38
0.18
0.55
4.20
12.92
38.29
30.88
0.85
6.72

±
±
±
±
±
±
±
±
±
±

0.04**
0.14*+
0.05**
0.22*+
1.31**
5.06*+
9.74
11.58
1.89**
4.62+

* p<0.05 and ** p<0.01 between before-under treatment; + p<0.05 between B - MP groups. One-way-ANOVA, Newman-Keuls post hoc
comparison.

TABLE 4.– Comparison of morning (8 AM) and evening (7 PM) laboratory values of hyperandrogenised women, before
(basal), at 2nd and 6th months under treatment with betamethasone (B; n=14), 0.3 mg daily, and 6 months after stopping
treatment (n= 11) (Protocol B)
Basal (n=14)

Total

2nd Month (n=14)

6th Month (n=14)

8:00 am

7:00 pm

8:00 am

7:00 pm

8:00 am

7:00 pm

0.60 ± 0.23

0.48 ± 0.17

0.38 ± 0.19

0.29 ± 0.20

0.36 ± 0.20

0.25 ± 0.17

6 Months withdrawal

**

testosterone

8:00 am

7:00 pm

0.55 ± 0.13

0.40 ± 0.18

(n=11)

(n=10)

15.18 ± 7.41

11.13 ± 6.35

(n=11)

(n=10)

0.65 ± 0.32

0.47 ± 0.27

(n=11)

(n=10)

48.05 ± 18.21

39.94 ± 22.28

(n=9)

(n=9)

16.1 ± 7.75

8.27 ± 4.75

(n=10)

(n=9)

ns

(ng/ml)
Bioavailable

19.76 ± 8.37

14.94 ± 6.07

10.45 ± 7.67

8.05 ± 6.96

9.70 ± 7.36

6.69 ± 5.80

***

testosterone

ns

(ng/dl)
Free

1.03 ± 0.71

0.64 ± 0.26

0.44 ± 0.32

0.34 ± 0.29

0.42 ± 0.31

0.28 ± 0.24

***

testosterone
(ng/dl)
SHBG

ns
38.78 ± 14.55

36.32 ± 15.44

50.60 ± 21.47 42.78 ± 20.35

48.89 ± 21.78

42.75 ± 26.91

*

(nM)
Cortisol

+

17.11 ± 5.08

8.94 ± 3.62

7.53 ± 6.41

3.54 ± 3.30

(µg/dL)

7.62 ± 7.11

4.03 ± 3.46

**

ns
ns

All data expressed as mean ± s.d. Analysis: One-way-ANOVA, Newman-Keuls post-hoc comparison.
* p < 0.05, ** p < 0.01, *** p < 0.001 between basal vs. 2nd and 6th month (non-significant, 2nd vs. 6th month);
+ p < 0.05 between basal vs. 6th month withdrawal at 8.00 am

betamethasone 0.6 mg/day and methyprednisolone 4 mg/
day during the course of the day. In the second protocol
(B) we evaluated whether lower doses of betamethasone,
0.3 mg/day were similarly effective in normalizing morning and evening serum androgens in patients with HA,
while reducing the risks of GC side effects. The long-term
androgen suppression with this treatment was also
analyzed during the course of the day.
Low doses of glucocorticoids rarely induce significant
side-effects20. Alternatively, some investigators suggest
the appearance of side effects with a low dose of dexam-

ethasone (0.5 mg/day) given for 4 or more months21. We
noticed gain weight, edema and facial plethora in three
patients (protocol A) treated with betamethasone 0.6 mg/
day (fairly equivalent to dexamethasone 0.5 mg/day), but
in none treated with lower dose (protocol B).
Bone loss and suppression of the adrenal axis are wellrecognized and severe side effects induced by GC. The
decrease of bone mineral density is directly related to
the length of glucocorticoid therapy as well as the cumulative dose22. Some authors describe loss of bone mineral density with the use of low doses of corticosteroids23.
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In contrast, in a previous study we failed to find changes
in bone mineral content after long-term low-dose glucocorticoid therapy24.
It is widely recognized that high corticosteroids doses
employed to treat chronic diseases induce a suppression of the hypothalamic-pituitary-adrenal axis. Fujieda
et al.25 also found this effect by using 5 mg of prednisone
in hyperandrogenic women. Conversely, we and others
did not find this result with low doses of glucocorticoids
as treatment of hyperandrogenism24, 26. However, as
Redmond has cautioned the use of even slightly excessive dosis of glucocorticoids is potentially harmful27. Therefore, it is advisable to titrate low doses, beginning with
0.3 or 0.15 mg of betamethasone, in order to avoid cushingoid signs and adrenal suppression. These doses are in
the "physiological" range, equivalent or less than the corresponding amount of endogenous cortisol secretion12.
In close agreement with GC androgen suppression,
marked clinical improvement of the hyperandrogenic syndrome has been widely observed7, 14, 15, 20, 21. Commonly,
there is a substantial decrease in seborrhea and acne8,
and menstrual irregularity is normalized in 30-60% of
oligo-ovulatory patients14, 28 with GC alone or associated
with clomiphene29, 30. However, amelioration of hirsutism
is at best moderate, and better results are obtained with
the use of antiandrogens such as spironolactone31, 32.
In the second part of this study, most patients manifested a prompt and significant decrease in seborrhea,
while improvement of acne and menstrual cycles were
reported by some of them; hirsutism remained unchanged.
Nevertheless, treatment length was too short to draw
valuable clinical conclusions. After discontinuing treatment, clinical signs worsened in some of the patients but
the limited sample size again precluded drawing any valid
conclusion. In contrast with other observations33, we found
a significant decrease in serum testosterone and its fractions with low dose betamethasone, attaining the control
group levels by the end of the trial. Long-acting glucocorticoids, such as betamethasone, seem to suppress androgen secretion more effectively than methylprednisolone during the course of the day. Betamethasone
therapy in low-doses (0.3 mg/day) suppresses serum
androgens without adverse effects, whereas higher doses
are liable to promote them in a few cases. Interestingly,
although without reaching the control group level, morning SHBG levels have significantly increased at the end
of treatment, despite the well-known negative effect of
GC on this globulin. This increase could have been due
to an increment in endogenous estradiol levels (not measured) as ovarian function ameliorated and/or to the fall in
androgen levels leading to the elimination of its suppressive action on SHBG synthesis. The rise in SHBG levels
during treatment also suggests that a deleterious effect
on insulin sensitivity might not be expected with low doses
of GC, since a decrease of SHBG has been considered
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as an early marker of insulin resistance34, 35. While not significantly different from pre-therapy figures, such increased
levels persisted 6 months later despite a rebound increment in serum androgens to altered pre-treatment levels,
apparently at variance with data showing lasting remission of hyperandrogenism, up to 4 years, in patients treated
with GC for 1-2 years9. However, in our patients androgen
rebound after only 6 months of interrupting steroid therapy
may not be comparable with more prolonged GC treatment. Finally, whereas cortisol levels were significantly
inhibited by treatment, the dose employed in this study
failed to induce a severe suppression of the hypothalamicpituitary-adrenal axis. After 6-month of treatment withdrawal, serum cortisol concentrations fully recovered pretreatment levels, in agreement with our previous observations showing a normalization of response to metyrapone
as early as one month after discontinuing administration
of low-dose methylprednisolone during 12 months24.
Although in the present study no tests were done to
exclude non classical CAH, the uniform and significant
decrease in serum androgens that we observed with low
doses of GC cannot be merely explained by the inclusion
of patients with this diagnosis since it is not expected to
represent more than about 5-10% of total patients consulting for hyperandrogenism36.
From these data, we conclude that low-dose glucocorticoid administration is an effective way to normalize
serum hyperandrogenemia in the usual cases of hyperandrogenic syndrome. This favorable outcome may be
reached without inducing a marked suppression of endogenous cortisol secretion by employing doses with the socalled "physiological" range. As a primary therapeutic approach, this schedule might be particularly promising whenever a woman with a hyperandrogenic syndrome presents
with cycle irregularities or is seeking fertility.
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