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Objective: To evaluate the effects of a low-dose DHEA supplementation on hormonal parameters in early and
late postmenopausal women.

Design: Prospective case study.

Setting: Postmenopausal women in a clinical research environment.

Patient(s): Twenty postmenopausal women were divided in two groups according to age (50–55 and 60–65
years).

Intervention(s): All patients underwent hormonal evaluation before and at 3, 6, 9, and 12 months of therapy
(25 mg/d of DHEA orally). Pelvic ultrasound examination and Kupperman score were performed before and
after 3, 6, and 12 months of therapy.

Main Outcome Measure(s): Plasma DHEA, DHEAS, estrone (E1), E2, P, androstenedione (A), T, dihy-
drotestosterone, 17�-hydroxyprogesterone (17-OHP), cortisol (F), allopregnanolone,�-endorphin, sexual
hormone-binding globulin (SHBG), LH, FSH, growth hormone (GH), and insulin-like growth factor-1
(IGF-1) concentrations.

Results: The levels of all the steroids that derive from DHEA metabolism increased in plasma with DHEA
administration. Also neurosteroids (namely allopregnanolone) and endorphin showed increased plasma levels,
whereas both gonadotropins were significantly reduced. Endometrial thickness did not change throughout the
study period.

Conclusions: Administration of low doses (25 mg) of DHEA positively modulates several endocrine
parameters in early and late postmenopausal women, inducing the increase of the androgenic, estrogenic, and
progestogenic milieu and reducing the climateric symptoms, similarly to estroprogestin replacement therapy.
These data suggest that DHEA supplementation is a more effective replacement therapy than a simple “dietary
supplement.” (Fertil Steril� 2003;80:1495–501. ©2003 by American Society for Reproductive Medicine.)
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In men and women, aging is characterized
by specific endocrine and neuroendocrine
changes that represent a physiological adapta-
tion of human biology to senescence. Post-
menopause represents in women a peculiar pe-
riod of life that is dominated by a
hypoestrogenic condition that severely affects
the functions of many organs and tissues, such

as the skin, urogenital, skeletal, and nervous
systems. Also several endocrine glands are in-
fluenced by aging, as demonstrated by the
70%–80% physiological decrease in adrenal
androgen production, in particular by DHEA
and DHEAS, around 70 years of age (1–5).

Recently, adrenal steroids, mainly DHEA
and its sulfate ester DHEAS, have been given a
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greater importance. In fact, it has been reported that the
administration of DHEA greatly improves several endocrine,
metabolic, and physiologic parameters both in men and
women (6–9), although this has not been confirmed by all
studies (10). Although DHEA supplementation is not yet
considered a medical treatment, this steroid has been dem-
onstrated to induce specific metabolic effects (6, 10, 11) and
to increase both androgen and estrogen plasma levels in
postmenopausal women (6, 7, 9, 10, 12, 13).

The administration of DHEA to postmenopausal women
at the daily dosage of 50 mg (9, 11, 14, 15) has been shown
to induce beneficial effects on quality of life and to posi-
tively affect the age-induced changes of adrenal products or
peripheral products. The DHEA supplementation has shown
to increase anxiolytic substances (allopregnanolone) and
some neuropeptides (�-endorphin) which are crucial in mod-
ulating several central nervous system functions (9). Further-
more, patients treated with DHEA present no signs of endo-
metrial stimulation. Although DHEA administration (50 mg/
day) induces unexpected supraphysiological elevations of
some steroids, mainly androgens (9), estrogen (E) levels
increase to levels similar to those induced by using commer-
cially available transdermal patches (9).

The modulation of all of these endocrine parameters
suggests that the beneficial effects of DHEA in counteracting
the negative phenomena related to menopause and aging
may be related to the biological properties of DHEA. This
molecule acts as a sort of deposit (prehormone) for the
production of active metabolites. A recent report confirms
such positive effect on behavior and hormonal parameters,
using even lower doses of the molecule (20 and 30 mg/day)
(14).

On this basis, we aimed at evaluating the effects of a
12-month DHEA supplementation (25 mg/day) on hormonal
and neuroendocrine parameters, as well as on subjective
symptoms in early and late postmenopausal women. This
study was designed to further clarify the DHEA-induced
hormonal response in (early and late) postmenopausal
women, in view of considering DHEA as a putative hor-
monal replacement therapy.

MATERIALS AND METHODS

Subjects
We selected 20 women (age range 50–65 years) from the

outpatients referred from the Department of Obstetrics and
Gynecology, University of Pisa, Italy, for their postmeno-
pausal condition. All of the patients gave their informed
consent to participate in the study. The participants were
healthy and none were not taking any hormone replace-
ments.

The patients did not have thyroid, adrenal, or prolactin
(PRL) disease and were not undergoing treatment for car-
diovascular disease or hypertension. All patients had an

ultrasound examination and a mammogram before the start
of the study to exclude any organic disease.

The patients were divided in two groups according to
their age: early (50–55 years old, n � 10, group A) 2–3
years postmenopausal, and late (60–65 years old, n � 10,
group B) 5 or more years postmenopausal. Subjects of both
groups showed a normal weight with body mass index
(BMI) in the range of 20–24 (group A: BMI, 21.7 � 0.2;
group B: BMI, 22.8 � 0.4). The study protocol was pro-
spective and lasted 12 months. Among the subjects enrolled
in the study, only 5 were mild smokers (�8 cigarettes/d).

Study Protocol
The study protocol was approved by the local Ethical

Committee of the University of Pisa, and informed consent
was obtained from each subject before beginning the study.
All women were administered an oral dose of DHEA (25
mg, Rottapharm, Monza, Italy) every day at the same hour
for 12 months.

Subjects were clinically evaluated every 3 months
throughout the trial period. Blood samples were obtained
from each participant at 8:00 AM, after an overnight fast, at
baseline and at 3, 6, 9, and 12 months of treatment to
determine the plasma levels of LH, FSH, E2, DHEA,
DHEAS, androstenedione (A), T, dihydrotestosterone, P,
17�-hydroxyprogesterone (17-OHP), allopregnanolone, es-
trone (E1), sex hormone-binding globulin (SHBG), cortisol
(F), �-endorphin, growth hormone (GH), and insulin-like
growth factor-1 (IGF-1). All samples were immediately cen-
trifuged and plasma was stored at �20°C until assay.

A transvaginal ultrasound examination was performed in
each subject before and after 6 and 12 months of treatment
to evaluate the endometrial thickness.

Kupperman score was evaluated before and after 3, 6, and
12 months of therapy. The Kupperman questionnaire in-
cluded complaints for subjective vasomotor and psycholog-
ical symptoms, as already described (16). Each symptom
appeared on a rating scale that had a range from 0–3. The
lower end of the scale for each symptom was described as
“none,” and the higher end, as “marked.”

Assays
All hormonal determinations were carried out during the

same assay. Plasma DHEA, DHEAS, A, T, dihydrotestos-
terone, 17-OHP, F, E1, E2, SHBG, LH, FSH, and GH con-
centrations were determined using commercially available
radioimmunoassay kits (Radim, Pomezia, Rome, Italy). The
intra-assay and interassay coefficients of variation (CV)
were 3.8% and 6.9% for DHEA and 4.0% and 8.5% for
DHEAS; 4.3% and 6.0% for A and 5.1% and 7.8% for T;
5.2% and 6.3% for 17-OHP; 3.6% and 6.2% for F and 3.8%
and 7.0% for GH; 2.1% and 3.5% for E2 and 4.4% and 6%
for E1; 2.8% and 3.3% for LH and 1.9% and 4.1% for FSH.

The IGF-1 concentrations were determined with the use
of a radioimmunoassay kit (Med-genix, Fleurus, Belgium)
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after acid–ethanol extraction, as described by Daughaday et
al. (17). Intra- and interassay CV were 4.1% and 8.9% and
the minimal detectable dose was 8.4 ng/mL, as previously
reported (11).

Allopregnanolone evaluation was performed after ether
extraction and chromatographic partition on Sep-Pak C18
cartridges using a radioimmunoassay method previously de-
scribed (16). The sensitivity of the assay was 10 pg/tube and
the intra- and interassay coefficients of variation were 7.2%
and 9.1%, respectively.

The �-endorphin concentrations were determined after
extraction and chromatographic partition using Sep-Pak C18
cartridges, and by using a previously described radioimmu-
noassay method (18). The sensitivity of the �-endorphin
radioimmunoassay was 2.5 pg/mL and the intra- and interassay
coefficients of variation were 6% and 9%, respectively.

Statistical Analysis
The presence of significant differences between groups

was tested, after analysis of variance (one-way ANOVA),
using Student’s t test for paired and unpaired data, as appro-
priate. Data are expressed as mean � SEM.

RESULTS
The hormonal characteristics of all patients in the two

groups are summarized in Table 1 and are represented as
mean � SEM. As expected, younger postmenopausal sub-
jects (group A) showed higher DHEA, DHEAS, T, and
�-endorphin levels than older subjects (P�.05). All other
endocrine parameters were determined in both groups.

Significant changes in endocrine parameters were ob-
served with DHEA treatment. As expected, DHEA and
DHEAS levels increased significantly and progressively
throughout the study interval (Fig. 1). The treatment elimi-
nated completely the endocrine differences observed be-
tween the two groups at baseline.

Testosterone (Fig. 1), A, and dihydrotestosterone (Table
2) plasma levels increased significantly and progressively
throughout the 12 months of treatment, reaching a three- to
fourfold increase at the 12th month of DHEA supplementa-
tion (Fig. 1). No difference was observed between the two
groups. A similar behavior was observed for plasma E1 and
E2 levels, which increased significantly all along the study
interval, reaching a three- to fourfold increase at the 12th
month of treatment (Fig. 2). During the treatment no differ-
ences were found in terms of E1 and E2 plasma levels and in
E1/E2 ratio between early and late postmenopausal women
(Fig. 2).

Progesterone levels increased in both groups only after
the sixth month of treatment and reached the highest values
at the 12th month (Fig. 2). A similar behavior was observed
in both groups for 17-OHP levels (Table 2). Interestingly, no
changes were observed for SHBG concentrations in both
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T A B L E 2

Mean LH, FSH, GH, IGF-1, SHBG, 17OHP, A, and DHT plasma levels in early (group A) and late postmenopausal
(group B) subjects before and under DHEA administration.

Before treatment 3 months 6 months 9 months 12 months

LH (mIU/mL)
Group A 33.07 � 3.75 26.74 � 3.45 22.29 � 2.77a 20.31 � 2.34b 18.03 � 1.90b

Group B 29.70 � 3.44 22.90 � 3.39 19.46 � 2.55a 17.43 � 2.28b 16.03 � 2.11b

FSH (mIU/mL)
Group A 76.41 � 3.92 62.34 � 4.32a 56.38 � 3.11a 49.48 � 2.54b 40.57 � 2.55b

Group B 70.90 � 5.61 62.15 � 5.02a 53.76 � 4.85a 48.71 � 4.31b 39.84 � 4.54b

GH (ng/mL)
Group A 0.95 � 0.19 1.50 � 0.21a 1.76 � 0.26b 1.94 � 0.20b 2.13 � 0.23b

Group B 0.67 � 0.08c 1.50 � 0.33a 1.60 � 0.20b 1.68 � 0.22b 1.70 � 0.24b

IGF-1 (ng/mL)
Group A 89.61 � 5.12 101.05 � 4.40 114.92 � 5.75b 117.76 � 5.15b 125.80 � 6.24b

Group B 91.91 � 5.13 111.53 � 6.18 130.90 � 8.19b 146.68 � 8.41b 147.98 � 10.51b

SHBG (ng/mL)
Group A 10.72 � 0.85 9.68 � 0.65 9.74 � 0.60 9.80 � 0.48 9.89 � 0.56
Group B 8.76 � 0.69 9.31 � 0.47 9.73 � 0.40 9.14 � 0.54 10.10 � 0.44

17-OHP (ng/mL)
Group A 0.64 � 0.09 0.88 � 0.07 1.08 � 0.06a 1.21 � 0.1b 1.21 � 0.1b

Group B 0.61 � 0.09 0.87 � 0.07 1.06 � 0.13a 1.20 � 0.12b 1.22 � 0.17b

Androstenedione (ng/mL)
Group A 1.00 � 0.10 1.92 � 0.21b 2.55 � 0.28b 3.10 � 0.10b 3.24 � 0.21b

Group B 0.92 � 0.05 2.39 � 0.23b 3.34 � 0.25b 3.58 � 0.25b 3.97 � 0.34b

DHT (pg/mL)
Group A 34.10 � 3.14 85.00 � 8.18b 107.30 � 8.71b 121.10 � 7.84b 125.90 � 7.71b

Group B 26.63 � 4.87 79.25 � 9.23b 111.75 � 9.71b 123.13 � 10.03b 125.63 � 7.50b

a P�.05 vs. and b P�.005 vs. before treatment; c P�.05 vs. group A.
Abbreviations as in Table 1.

Genazzani. Low-dose DHEA supplementation and postmenopause. Fertil Steril 2003.

F I G U R E 1

Mean � SEM serum DHEA (A), DHEAS (B), and T (C) levels before and after 3, 6, 9, and 12 months of oral DHEA
supplementation (25 mg/d) in early postmenopausal women (group A) (�) and late postmenopausal women (group B) (o).
*P�.05; **P�.005.

Genazzani. Low-dose DHEA supplementation and postmenopause. Fertil Steril 2003.
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groups during the entire study period (Table 2), despite the
significant changes in A and E plasma concentrations.

Allopregnanolone and �-endorphin concentrations signif-
icantly increased in both groups, reaching the maximum
concentrations at the 12th month of treatment (Fig. 3). Con-
versely, F plasma levels showed a progressive decrease
throughout the study, reaching the lowest level at the 12th
month (Fig. 3). Both groups showed a significant reduction
in LH and FSH plasma levels throughout the study (Table 2).
The GH and IGF-1 levels significantly increased similarly in
both groups, reaching the highest value at the 12th month of

treatment (Table 2). No significant difference was observed
between the two groups of postmenopausal women in any of
these hormonal parameters.

When Kupperman’s score was evaluated before treat-
ment, younger subjects (group A) showed higher values for
subjective vasomotor disturbances and psychological distur-
bances than older patients (group B), whereas the latter
showed a higher score for psychological items (Table 3).
During DHEA treatment, the Kupperman score showed a
progressive and significant improvement in both groups. In
fact, younger postmenopausal subjects (group A) showed

F I G U R E 2

Mean � SEM serum estrone (E1; A), E2 (B), and P (C) levels before and after 3, 6, 9, and 12 months of oral DHEA
supplementation (25 mg/d) in early postmenopausal women (�) and late postmenopausal women (o). *P�.05; **P�.005.

Genazzani. Low-dose DHEA supplementation and postmenopause. Fertil Steril 2003.

F I G U R E 3

Mean � SEM serum allopregnanolone (A), cortisol (F; B), and �-endorphin, before and after 3, 6, 9, and 12 months of oral DHEA
supplementation (25 mg/d) in early postmenopausal women (group A) (�) and late postmenopausal women (group B) (o).
*P�.05; **P�.005.

Genazzani. Low-dose DHEA supplementation and postmenopause. Fertil Steril 2003.
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lower scores for subjective vasomotor instability and psy-
chological disturbances, and in group B subjects, for psy-
chological disturbances (Table 3).

During DHEA administration no changes in body weight,
occurrence of uterine bleeding, abnormal events, or side
effects took place throughout the 12 months of therapy.
Ultrasound evaluation did not show significant modifications
in endometrial thickness in any of the patients of the two
groups after 6 and 12 months of therapy.

DISCUSSION
The present study demonstrates the efficacy of low-dose

DHEA administration on endocrine and psychoneuroendo-
crine parameters in early and late menopause and confirms
that a low-dose DHEA supplementation increases adrenal
androgens plasma levels (mainly DHEA and DHEAS) (19),
which are significantly impaired during menopause.

At present, hormone therapy (HT) is the easiest way to
reverse the effects of hypoestrogenism in most (if not all) the
organs and tissues. In the past years DHEA has been re-
ported to induce positive endocrine changes in both sexes,
also improving the feeling of well being (6, 7, 9, 11, 14, 16,
20). Up to now most of the studies have been conducted
using daily dosage of 50 mg or higher of DHEA, which
resulted in inducing higher levels of some endocrine param-
eters (15). In fact, although daily DHEA administration of 50
mg restored the E2 plasma levels, similarly to 100 g trans-
dermal E2 or 2 mg of E2 valerate (21), this dosage determines
supraphysiological levels of four androgens (A, T, 17 OHP,
and dihydrotestosterone). On the contrary, the present study
demonstrates that long-term treatment (12 months), using a

50% reduced daily DHEA dosage (25 mg), has similar
positive hormonal effects in early and late postmenopausal
women.

The significant changes of the androgenic milieu that occur
during senescence are due to the reduction of 17,20 desmolase
activity and this determines a progressive decrease in adrenal
androgen synthesis (6, 7, 9, 15, 22), with minimal changes in
F secretion as demonstrated by our data. When patients were
administered the 25-mg DHEA daily dosage, both estrogens
and androgens concentrations increased, similarly to what
was previously reported (15), but such increases were 20%–
45% lower than with the 50 mg/day therapy (18). In addi-
tion, the use of a lower DHEA dose was as effective on
�-endorphin, gonadotropins, the somatotropic axis (GH–
IGF-1), and on subjective symptoms as the 50-mg/d dosage
(11). Interestingly, the increase in DHEAS, E2, and T con-
centrations was lower and less rapid than using the 50-mg
schedule (15), thus confirming that a lower dose of DHEA is
enough for the metabolization/synthesis of steroids.

The efficacy of the dosage we tested is demonstrated by
the fact that the E1/E2 ratio did not change throughout the 12
months of observation and were similar to those observed
using higher doses of DHEA (15).

The increase in 17-OHP plasma levels we observed at the
end of the study are not in accordance with those previously
described in a shorter study (15). This might result from a
different sensitivity of the 17,20 desmolase responsible for
the conversion of DHEA to 17-OH pregnenolone and 17-
OHP progesterone and it can be suggested that the 17,20
desmolase activity is enhanced by low doses of exogenous
DHEA. However, the significantly increased P and 17-OHP
concentrations with DHEA administration are responsible
for the increase of allopregnanolone plasma levels, a P
derivative belonging to the neurosteroid family.

During menopause and aging, significant changes take
place in the central nervous system, involving glial cells and
neurons, especially in terms of neuroendocrine and neuro-
steroid production, to induce the so-called climateric or
postmenopausal symptoms, such as mood changes, anxiety,
and depression (15, 19). Most of the neuroendocrine changes
are due to the hypoestrogenic condition and to the reduction
of neurosteroid (i.e., allopregnanolone) synthesis and concen-
trations (18, 23–25). Allopregnanolone (3-�-hydroxy-5-�-
pregnane-20-one), the most potent endogenous anxyolitic
steroid (18, 23–25), showed increasing plasma concentra-
tions throughout the treatment interval, as previously re-
ported (15), thus suggesting that DHEA administration pos-
itively affects psychoneuroendocrine parameters through
specific neuromodulatory effects on the central nervous sys-
tem (18) acting on �-aminobutiric acid A receptors (23–25).

Low-dose DHEA administration determines also the signif-
icant increase in �-endorphin plasma levels in all subjects
similarly to what was observed using higher DHEA dosages

T A B L E 3

Kupperman score (mean � SEM) for vasomotor
symptoms, psychological symptoms, and total score in
two groups of treatment before and 3, 6, 9, and 12
months under DHEA administration (group A: early
postmenopausal women; group B: late postmenopausal
women).

Vasomotor
symptoms

Psychological
symptoms

Total
score

Before 20.8 � 2.2 9.3 � 2.1 30.1 � 3.5
3 months 13.6 � 4.1a 6.2 � 1.0 19.6 � 2.1a

Group A 6 months 7.1 � 2.5a 3.7 � 0.4a 10.8 � 1.6a

9 months 6.7 � 1.9b 2.6 � 0.2b 9.3 � 1.2b

12 months 5.2 � 1.0b 1.8 � 0.9b 7.1 � 0.9b

Before 16.0 � 2.4 8.6 � 1.3 24.5 � 3.8
3 months 12.5 � 5.1 6.9 � 0.8 19.4 � 2.8a

Group B 6 months 7.9 � 2.5b 5.5 � 1.0a 13.4 � 1.8a

9 months 5.5 � 2.0b 4.9 � 0.4a 10.8 � 1.2b

12 months 5.0 � 1.1b 3.1 � 0.7b 8.1 � 0.9b

a P�.05 vs. before, b P�.005 vs. before.

Genazzani. Low-dose DHEA supplementation and postmenopause. Fertil Steril
2003.
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(15). Because F is reduced and �-endorphin is increased with
treatment, it can be suggested that DHEA (namely its metabolites,
such as allopregnanolone and E2) increases �-endorphin concen-
trations, probably increasing pro-opiomelanocortin cleavage rather
than pro-opiomelanocortin synthesis. In addition F being the typ-
ical stress-induced hormone, the decrease in F levels observed
throughout the study confirms that DHEA administration blunts
the activity of the hypothalamic-pituitary-adrenal axis and
suggests a sort of neuroprotective (antistress) role for exog-
enous DHEA administration.

The efficacy of long-term, low-dose DHEA administra-
tion was also evident from the significant reduction in the
Kupperman score. As expected, DHEA administration was
more effective on vasomotor disturbances in early post-
menopausal women and on psychological disturbances in
late postmenopausal women. Interestingly, DHEA supple-
mentation did not induce changes in endometrial thickness,
in agreement with previous studies (15, 26). Probably this
results from the absence in the endometrial tissue of the
specific enzymes responsible of the conversion from DHEA
to estrogens (22) or from the apparent equilibrium between
two main DHEA metabolites, E2 and P. This effect seems
comparable to that of a continuous combined estroprogestin
treatment. Although no endometrial biopsy was performed in
the presence of a thin endometrium at ultrasound examina-
tion, it supports the hypothesis of an atrophic evolution.

In conclusion, our data show that a daily dosage of 25 mg of
DHEA restored the steroid milieu, both in early and late post-
menopausal women with a lower �5 and �4 androgen increase
than in previously tested dosages (15, 27) and positively
affected all endocrine and neuroendocrine parameters, such
as �-endorphin and neurosteroids (namely allopreg-
nanolone), reducing postmenopausal and aging symptoms.
In addition, according to our data, DHEA seems not to
stimulate the endometrium. Although additional studies have
to be done focusing on this last aspect, these data support and
confirm that DHEA must be considered a valid compound
and drug for HT in postmenopausal women and not just a
“dietary supplement.”
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