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bstract

The purpose of this study was to evaluate the effects on hormonal milieu of 1-year therapy with 10 mg/day oral dehy-
roepiandrosterone (DHEA) or 50 �g transdermal estradiol plus 100 mg/day oral micronized progesterone in a group of 20
ealthy postmenopausal women (age = 50–58 and years since menopause (ysm) = 1–6) and also the effects observed by combin-
ng these two therapies in a group of 12 postmenopausal women (age = 54–61 and ysm = 6–10) characterized by lower baseline
HEA and DHEAS levels (<2.40 and <0.55 �g/ml, respectively).
DHEA produced a significant rise in androgens levels, whereas HRT did not. Moreover, DHEA alone induced a significantly

ower increase in estrogens and beta-endorphin levels and a higher decrease in cortisol levels than HRT. DHEA and HRT also
roduced a significant similar increase in allopregnanolone levels.

DHEA plus HRT induced a significantly higher increase in testosterone and estradiol and a lower increase in allopregnanolone
nd beta-endorphin levels and a significantly lower decrease in cortisol levels than HRT alone treated group. A similar increase

as observed in progesterone and SHBG levels in all groups.
These results suggest that 10-mg DHEA seems to be the proper dose to replace androgen deficiency in subjects with reduced

elta-5 androgens plasma levels. However, the aging process and the number of years since menopause may further modulate
he effects of hormone therapy on hormonal milieu.
2008 Elsevier Ireland Ltd. All rights reserved.
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. Introduction

Dehydroepiandrosterone (DHEA) and its sulphate
ster (DHEAS) are steroid hormones secreted by
drenal glands, totalling 90–95% of the overall pro-
uction, with a characteristic age-associated pattern of
ecretion [1], reaching maximum levels during the third
ecade of life and steadily declining to 10–20% by
round the age of 70 years [2–4]. In contrast, the adrenal
lucorticoid and mineralcorticoid secretion rates are
aintained unchanged throughout the human lifespan

5]. This process commonly named “adrenopause” is
ainly attributed to impairment in 17, 20 desmolase

ctivity within the adrenal zona reticularis [6] and to a
eduction in the size of the zona reticularis itself [7].

The age-related decreases in DHEA and DHEAS
evels and the resulting increased cortisol/DHEA ratio
8] have been hypothesized to be at the basis of the
athophysiology of the so-called “cortisol-potentiated”
iseases, such as diabetes, obesity, osteoporosis, glau-
oma and neurodegenerative disorders [9].

Recently, renewed interest has arisen in DHEA as
new strategic tool for hormonal replacement ther-

py also in postmenopausal women [10] as a result
f its ability to exert a positive modulation on several
ndocrine [11–15] and metabolic [11–19] parameters.
n addition, we demonstrated that DHEA supple-
entation in postmenopausal women (6–12 months)
as effective in stimulating the synthesis of neu-

oactive steroids, in particular allopregnanolone, a
�–5�-reduced metabolite of progesterone, and some
europeptides such as beta-endorphin, which are cru-
ial in the modulation of mood, memory and feeling of
ell being, during the reproductive aging [20,21,13].
However, controversial results has been reported

bout the effects of DHEA therapy on some symp-
oms observed in postmenopausal women, such as loss
f libido and/or sexual desire, arousal and excitability
18–22], but the addition of an androgen molecule to
onventional estroprogestin therapies seems to be more
eneficial than HRT alone to improve some aspects
f the psychosexual sphere and thus of quality of life
23–25].

On these bases, we evaluated the effects exerted

y 1-year low-dose oral DHEA supplementation
10 mg/day) alone or in addition to a conventional
stroprogestin replacement regimen in postmenopausal
omen, in order to assess the DHEA impact on estro-
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enic, progestogenic, glucocorticoid and androgenic
ilieu respect to standard HRT.

. Materials and methods

.1. Subjects and study protocol

32 postmenopausal women (50–61 years) from the
utpatients referred from the Department of Obstetrics
nd Gynecology, University of Pisa, Italy were enrolled
n the study. All subjects had natural menopause and
ere healthy. Excluding criteria for patient enrolment
ere: previous or current endocrine disorders, such as

hyroid or adrenal dysfunction and altered prolactin
irculating levels; treatments for cardiovascular dis-
ases, hypertension or psychiatric disorders; previous
r current hormonal treatments known to influence
ndocrine function (including HRT); smoking; pres-
nce of any kind of pelvic and breast disease. Natural
enopause was defined retrospectively after 12 con-

ecutive months without natural menstrual periods and
ge at menopause was the age at last menstruation.

Each patient was followed monthly by the same
hysician throughout the study. The Local Committee
f the University of Pisa approved the study protocol
nd written informed consent was obtained from each
ubject before beginning the study.

On these bases patients were divided in two groups
ccording only to their DHEA and DHEAS plasma lev-
ls, i.e. higher than or lower than 2.40 ng/ml for DHEA
nd 0.55 �g/ml for DHEAS.

These values were chosen arbitrarily, according to
he age-related decrease of DHEA and DHEAS levels
26].

The first group (n = 20), characterized by levels of
HEA and DHEAS above this cut-off value, was fur-

her divided randomly in two subgroups, groups A
nd B. Group A (n = 10; age = 50–55 years) received
n oral 10 mg/day DHEA supplementation (10 mg,
ottapharm, Monza, Italy) and group B (n = 10;
ge = 52–58 years) received a continuous combined
RT regimen consisting of a twice weekly transdermal
0 �g estradiol (TE) patch (Dermestril 50, Rottapharm)

lus oral micronized progesterone (mP) 100 mg/day
Prometrium 100, Rottapharm). The second group of
ubjects (n = 12; age = 54–61 years), presenting DHEA
nd DHEAS plasma levels under the cut-off value,
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amed group C (Table 1), was administered the same
ontinuous combined HRT regimen as group B plus
n oral DHEA supplementation at 10 mg/day (10 mg,
ottapharm, Monza, Italy). Randomization was made
sing a computer-generated block random-permutation
rocedure. Compliance was checked by pill counts at
onthly intervals. The study protocol was prospec-

ive and the treatment lasted 12 months for all study
ubjects.

Each subject underwent a thorough clinical and
ormonal evaluation at baseline and at 1, 3, 6, 9
nd 12 months of treatment. After overnight fasting,
lood samples were obtained from each participant
t 8:00 a.m. before the assumption of each hor-
onal treatment in order to assess the levels of
HEA, DHEAS, androstenedione (�4-A), testos-

erone (T), progesterone (P), estrone (E1), estradiol
E2), sex hormone-binding globulin (SHBG), cortisol
F), allopregnanolone (3alpha, 5alpha-THP) and beta-
ndorphin (beta-EP).

Then all blood samples were immediately cen-
rifuged and stored at −20 ◦C until required for the
ssay.

.2. Assays

All hormonal determinations were carried out dur-
ng the same assay. Plasma DHEA, DHEAS, �4-A, T,
, P, E1, E2 and SHBG concentrations were determined
sing commercially available radioimmunoassays kits
Radim, Pomezia, Rome, Italy). The intra-assay and
nterassay coefficients of variation (CV) and the sensi-
ivity of the assay were: 7.8 and 8.3% and 0.02 ng/ml
or DHEA, 6.8 and 8.5% and 0.02 ng/ml for DHEAS,
.2 and 7.6% and 0.03 ng/ml for �4-A, 3.8 and 8.7%
nd 0.017 ng/ml for T, 4.9 and 7.9% and 0.9 �g/l for F,
.6 and 11.7% and 0.12 ng/ml for P, 4.4 and 6.0% and
.5 pg/ml for E1, 4.6 and 8.5% and 4.7 pg/ml for E2,
.8 and 4.4% and 0.26 nmol/l for SHBG, respectively.

Allopregnanolone (3alpha, 5alpha-THP) evaluation
as performed after ether extraction and chromatog-

aphy partition on Sep-Pak C18 cartridges using a
reviously described radioimmunoassay method [27].
he sensitivity of the assay, expressed as the minimal

mount of allopregnanolone distinguishable from the
ero sample with 95% probability, was 20 pg/tube and
he intra-assay and interassay coefficients of variation
CV) were 7.2 and 9.1%, respectively. Ta
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The beta-EP concentrations were determined after
xtraction and chromatography partition on Sep-Pak
18 cartridges and using a previously described

adioimmunoassay method [28]. The sensitivity of the
ssay was 2.5 pg/ml and the intra-assay and interas-
ay coefficients of variation (CV) were 6.0 and 9.0%,
espectively.

.3. Statistical analysis

Data are expressed as mean ± S.E.M. and as delta of
ncrease or decrease in comparison to baseline values.
tatistical between group comparison of basal levels of
HEA, DHEAS, Delta4-A and beta-EP was achieved
y using a Student’s t-test for paired data.

One- and two-way analysis of variance (ANOVA)
as used to compare hormonal levels during follow-
p among the three groups of patients. Bonferroni’s
ultiple comparison test was used to compare the hor-
onal levels at all the follow-up times for all groups

f therapy. Alpha value for Bonferroni’s test was set
t 0.05. Statistical analysis was performed with NCSS
001 software (Number Cruncher Statistical Systems,
aysville, UT, USA).

. Results

.1. Patient characteristics

All the patients enrolled in the study completed the
ollow-up, without any adverse events. The subjects
n group C had a greater menopausal age than those
n groups A and B (p < 0.01) (7.50 ± 0.60 years since

enopause (ysm) for group C vs. 3.70 ± 0.67 ysm for

roup A and 4.20 ± 0.64 ysm for group B). Group C
atients also presented a greater chronological age in
omparison to group A (p < 0.001) (56.70 ± 2.17 vs.
2.70 ± 1.95). No significant difference was observed

p
s
a
p

able 2
atients characteristics of the three groups of treatment

Age (years) BMI (kg/m2) Years since m

roup A 52.70 ± 1.95*** 27.65 ± 1.84 3.70 ± 0.67
roup B 54.83 ± 1.85 28.65 ± 2.04 4.20 ± 0.64
roup C 56.70 ± 2.17 27.97 ± 0.82 7.50 ± 0.60

p < 0.05 **p < 0.01 and ***p < 0.001 vs. group C. All data are expressed a
59 (2008) 293–303

n terms of BMI (27.65 ± 1.84 vs. 28.65 ± 2.04 vs.
7.97 ± 0.82) (Table 1).

.2. Endocrine evaluation

.2.1. Baseline status
Besides the lower circulating levels of DHEA

nd DHEAS, group C patients showed significantly
ower plasma levels of �4-A (0.43 ± 0.10) than those
bserved in group B (0.66 ± 0.17) and in group

(0.70 ± 0.09) and also lower plasma levels of
eta-EP (18.96 ± 2.75) than those observed in group

(22.81 ± 5.05). Furthermore, the baseline corti-
ol levels observed in group C (252.74 ± 25.43)
ere significantly higher than those in group A

216.72 ± 10.02) (p < 0.001) (Table 2).

.2.2. Post-treatment evaluation

.2.2.1. Androgens (DHEA, DHEAS, Delta4-A and
) and estrogens. In both the DHEA-treated groups,
HEA serum levels showed a progressive increase dur-

ng the entire treatment period with a significant rise
tarting from the 3rd month for group A and from the
th month for group C (p < 005 for both groups vs.
aseline). No difference of DHEA serum levels was
bserved in HRT group throughout all 12 months of
valuation (group B). This progressive rise observed in
roup C abolished DHEA baseline difference between
roups B and C from the 6th month of treatment, with-
ut affecting the difference between groups A and C.

Similarly, DHEAS levels increased only in DHEA-
reated groups (groups A and C). Baseline difference
f DHEAS levels disappeared between groups B and
after 6 months of treatment (Fig. 1).
Delta4-androstenedione levels increased slowly and
rogressively in both DHEA-treated groups, with a
ignificant rise from the 3rd month for group A
nd from the 6th month for group C (p < 0.01 and
< 0.001, respectively) maintaining the baseline dif-

enopause Smokers/non-smokers Natural menopause

*** No Yes
*** No Yes

No Yes

s mean ± S.E.M.
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Fig. 1. Mean ± S.D. plasma DHEA, DHEAS, androstenedione, testosterone, E1 and E2 levels at the baseline and at 1, 3, 6, 9 and 12 months.
White column: group A (50–55 years). Grey column: group B (52–58 years). Black column: group C (54–61 years) (*) differences between
the three groups (*p < 0.05; **p < 0.005; ***p < 0.001); (◦) steroid concentration at each time point vs. baseline levels in group A (◦p < 0.05;
◦◦p < 0.005; ◦◦◦p < 0.001); (§) steroid concentration at each time point vs. baseline levels in group B (§p < 0.05; §§p < 0.005; §§§p < 0.001);
(+) steroid concentration at each time point vs. baseline levels in group C (+p < 0.05; ++p < 0.005; +++p < 0.001).
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Fig. 2. Mean ± S.D. plasma progesterone, allopregnanolone, cortisol, beta-endorphin and SHBG at the baseline and at 1, 3, 6, 9 and 12 months.
White column: group A (50–55 years). Grey column: group B (52–58 years). Black column: group C (54-61 years) (*) differences between
the three groups (*p < 0.05; **p < 0.005; ***p < 0.001); (◦) steroid concentration at each time point vs. baseline levels in group A (◦p < 0.05;
◦◦p < 0.005; ◦◦◦p < 0.001); (§) steroid concentration at each time point vs. baseline levels in group B (§p < 0.05; §§p < 0.005; §§§p < 0.001);
(+) steroid concentration at each time point vs. baseline levels in group C (+p < 0.05; ++p < 0.005; +++p < 0.001).
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Fig. 3. Delta of increase and decrease of allopregnanolone, beta-endorphin and cortisol plasma levels at 1, 3, 6, 9 and 12 months. White column:
group A (50–55 years). Grey column: group B (52–58 years). Black column: group C (54–61 years) (*) differences between the three groups
(*p < 0.05; **p < 0.005; ***p < 0.001).
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erence between these two groups throughout all
he study period (p < 0.001). The increase in Delta4-
ndrostenedione levels observed in group C removed
aseline differences versus group B from the 9th month
Fig. 1).

Testosterone levels increased progressively from
he 1st month of treatment in patients receiving only
HEA and since the 3rd month in DHEA–HRT treated
roup (p < 0.05 vs. baseline for both groups). Group

receiving conventional HRT showed no changes
n circulating testosterone levels throughout all the
ollow-up period (Fig. 1). Testosterone levels in sub-
ects receiving only DHEA were higher than group B
rom the 1st month (p < 0.05) and than group C from
he 3rd month of therapy (p < 0.001).

There was also a progressive rise in E1 levels in
ll groups; subjects treated with DHEA–HRT showed
igher E1 levels in comparison to those receiving
HEA alone from the 6th month of therapy (p < 0.001
s. group B and p < 0.01 vs. group C); no significant
ifference was observed between HRT-treated groups
groups B and C) during all period of analysis (Fig. 1)

E2 levels showed a significant increase in all groups
tarting from the 3rd month in group A (p < 0.01) and in
roup C (p < 0.001) and from the 6th month in group B
p < 0.001) with significant between group differences
rom the 9th month (p < 0.001 A vs. C and p < 0.05 B
s. C) whereas patients receiving DHEA–HRT showed
ighest levels of E2 (Fig. 1).

.2.2.2. Progesterone, allopregnanolone, cortisol
nd beta-endorphin and SHBG. Progesterone levels
howed a significant increase in all groups, starting
rom the 1st month for group A (p < 0.05) and from the
th month for groups B and C (p < 0.05 and p < 0.01,
espectively), without significant differences between
roups throughout the whole study period.

Allopregnanolone levels showed a progressive
ncrease in all groups, which became significant at the
rd month in group A and in group B (p < 0.01 and
< 0.05 vs. baseline, respectively) and at the 9th month

n group C (p < 0.01 vs. baseline). Allopregnanolone
evels in subjects receiving only DHEA (group A) and
onventional HRT (group B) were higher than group

from the 3rd month (p < 0.05) (Fig. 2). Furthermore,

he delta of increase in group A and in group B was sig-
ificantly higher than that reached in group C (p < 0.05,
espectively) (Fig. 3).

e
v
n
e

59 (2008) 293–303

Cortisol levels showed a progressive reduction in all
roups of treatment, reaching statistical significance
or group A at the 3rd month (p < 0.01), for group B
t the 6th month (p < 0.05) and for group C at the 9th
onth (p < 0.01). Baseline difference between group A

nd group C remained unchanged throughout the entire
bservation period (p < 0.001). We observed lower cor-
isol levels in subjects receiving only DHEA than in
ubjects receiving only HRT (group B) already from the
st month (p < 0.001) and subjects of group B showed
ower cortisol levels than group C from the 3rd month
p < 0.05) (Fig. 2). Delta decrease (�) was significantly
igher in group A versus the other two groups at the end
f the study period (p < 0.01 vs. group B and p < 0.001
s. group C) (Fig. 3).

Beta-endorphin levels showed a progressive
ncrease in all groups, reaching statistical significance
or group A already at the 1st month and for the other
wo groups at the 3rd month (p < 0.001). In addition,
e observed significantly higher levels in group B

han in groups A and C from the 3rd month (p < 0.01)
Fig. 2). Delta increase (�) was significantly higher in
roup B versus the other two groups at the end of the
ollow-up period (p < 0.001 vs. group A and p < 0.01
s. group C) (Fig. 3).

SHBG levels increased slowly and progressively
n all groups, with a significant rise in both DHEA-
reated groups from the 6th month (groups A and C)
p < 0.001) and from the 9th month for HRT group
p < 0.01). No significant differences in SHBG lev-
ls resulted between groups throughout the follow-up
eriod.

. Discussion

In the past years, several trials have reported sig-
ificant hormonal changes after DHEA administration
n postmenopausal women [11–15,29]. However, short
ollow-ups and supraphysiological doses of DHEA
50 mg/day or higher) hampered these studies. Admin-
stration of a lower dose (25 mg/day) of DHEA produce
ositive effects on hormonal milieu and on quality of
ife in early and late postmenopausal women, restoring

strogenic, progestogenic and androgenic tone. Con-
entional HRT (estrogen or estrogen plus progestin) did
ot affect [30] or even decrease androgen plasma lev-
ls [31,32]. This is probably the reason why HRT fails
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o improve some domains of female sexual function
hich are associated to the menopause-related andro-
en deficiency, such as loss of libido and/or sexual
esire, arousal and excitability [24,25].

The different impact of HRT and DHEA therapy on
ndrogenic tone was confirmed in the present study
n which DHEA supplementation at 10 mg/day was
hown to increase plasma androgen levels whereas the
strogen–progestin therapy alone did not. In addition,
0 mg/day of DHEA was sufficient to enhance plasma
evel of estrone, estradiol and progesterone, to posi-
ively modify adrenal synthesis of cortisol (reduction)
nd allopregnanolone (increase) and to increase plasma
oncentration of beta-endorphin. Moreover, the addi-
ion of 10 mg/day of DHEA to the estrogen–progestin
reparation in �5-androgens deficient and older post-
enopausal women was able to restore circulating
HEA/S to levels in the range of younger subjects

hat received only HRT, abolishing any age-related
ifference of �5-androgens levels. Similarly, age-
elated baseline difference of Delta4-androstenedione
between groups B and C) resulted abolished with
he addition of 10-mg DHEA to a standard HRT. We
reviously evidenced that 1-year therapy with DHEA
25 mg/day) was able to affect adrenal steroidogenesis,
nducing an increase in baseline and ACTH-stimulated
ecretion of Delta-4, Delta-5 androgens and proges-
erone, both in early and late postmenopausal women
14]. Thus, the present results suggest that DHEA ther-
py, even at 10 mg/day, might enhance the adrenal
ynthesis of Delta-4 and androgens, since DHEA/S
evels continued increasing over the study time.

In addition, conversion of DHEA into more
ctive steroids, such as androstenedione, testos-
erone, dihydrotestosterone and estrogens depends
n the activity of tissue-specific steroidogenic and
etabolizing systems such as 3�-hydroxysteroid

ehydroidrogenase/�5-�4-isomerase and aromatase
33]. However, the aging process and the concomitant
dministration of estroprogestin treatment may modify
he metabolism and the effect of DHEA therapy on hor-

onal milieu. In fact, the increase of testosterone levels
fter 12 months of DHEA treatment result higher in
ounger women with elevated baseline DHEA/S than

n older women with lower baseline DHEA/S receiving
he combination DHEA–HRT.

On the contrary, an additive effect of DHEA on
RT was evaluated for circulating estrogen levels (E1

t
d
t
a
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nd E2) that resulted higher in subjects receiving both
reatments.

Cortisol plasma levels decreased in all treatment
roups throughout the 12 months, confirming previ-
us data [12–14,20,21,30]. Furthermore, 10 mg/day
f DHEA are much more effective in reducing cor-
isol than HRT in young postmenopausal women.
HEA–HRT regimen determined a lower cortisol
ecrease with respect to HRT alone, suggesting that
n older postmenopausal women with DHEA/S defi-
iency, the metabolic pathway leading to this reduction
f cortisol is probably less responsive to DHEA ther-
py.

In previous studies, we observed that both DHEA
upplementation and estrogen–progestin treatments in
ostmenopausal women could increase plasma levels
f progesterone and its metabolite, allopregnanolone
34,35]. On these bases, we expected the addiction
f a low-dose of DHEA to a continuous combined
RT regimen to have a synergistic effect on allopreg-
anolone plasma levels. However, in group C patients,
ho received the same dosage of progestin as group
, we observed a significantly lower increase in allo-
regnanolone plasma levels. This suggests that the
ddition of DHEA to an estrogen–progestin treatment
annot further modulate the biosynthetic activity of the
drenal gland, which is the main source of circulating
llopregnanolone in postmenopausal women [34–36].
oreover, we observed significantly higher allopreg-

anolone levels in younger subjects who received
HEA supplementation at 10 mg/day than in older

ubjects treated with HRT in combination with the
ame dose of DHEA. Aging seems to negatively affect
drenal DHEA synthesis/release as well as the response
f adrenal steroidogenesis to hormonal treatments,
ighlighting the importance of timing for HRT and/or
HEA therapy to reverse adrenal ageing and to obtain

he most positive hormonal results.
Similar considerations may apply to the increase in

eta-endorphin plasma levels throughout the observa-
ion period. The higher response of beta-endorphin to
RT therapies (groups B and C) respect to group A
ight be related to the higher increase of circulating

strogens (E1 and E2) of groups B and C, since cen-

ral and peripheral content of this opioid are strictly
ependent on the estrogen level [37,38]. However,
he additive effect of DHEA–HRT respect to HRT
lone, evaluated for estrogens, did not induce a sim-
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lar response for beta-endorphin, suggesting again that
he aging process might negatively affect the synthe-
is/release of this opioid to estrogen stimuli.

In conclusion, our data lead to some considerations.
irst, a daily dosage of only 10 mg of DHEA, alone or

n combination to a HRT regimen is able to restore the
ndrogenic milieu and also has a positive impact on
he estrogenic tone in postmenopausal women. Sec-
nd, menopausal age and “adrenal age” might explain
ifferent results of these three treatments on hormonal
ilieu, evidencing that timing of therapy deeply affects

he results of HRT and/or DHEA treatment. Finally,
dditional studies, using a larger population, are needed
o evaluate the combination of estrogen–progestin ther-
pies plus DHEA as a new additional therapeutical
trategy for postmenopausal women.
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