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Dehydroepiandrosterone and its Sulfate

Joint Statement by the German Society for
Gynecological Endocrinology and Reproductive Medicine (DGGEF)
and the German Professional Association of Gynecologists (BVF)

T. Rabe' and the study group “Hormone Therapy” (in alphabetical order): H.-J. Ahrendt?, C. Albring®, A. Bachmann?, J. Bitzer®,
U. Blume-Peytavi®, C. Egarter’, B. Hinney?, H. Kentenich®, K. Kénig®, G. Merki-Feld", E. Merkle'?, A. 0. Mueck'®, W. Rossmanith' N. Sanger*

Dehydroepiandrosterone (DHEA) is the most frequent circulating steroid hormone in humans. It is formed in the reticular zone of the adrenal glands to 90—
95% and, to a lower extent in the gonads and the brain where DHEA acts as neuro-steroid. There is an interconversion of DHEA to DHEAS in both direc-
tions. DHEAS levels in the blood are approximately 300 times higher in comparison to free DHEA levels. The DHEA peak levels are reached in the ear-
ly morning hours whereas DHEAS is not subject to a circadian rhythm. Hence, DHEAS is well suitable for analysis in serum. DHEA is a universal precur-
sor for the formation of androgen and estrogen in peripheral tissues. They contain enzyme systems such as 33-HSDH for the formation of androstenedione,
17B-hydroxysteroid dehydrogenase for the synthesis of testosterane and aromatase for estrogen-synthesis. Maximum levels of DHEA/DHEAS are reached
between 20 and 30 years of age. At the age of 70 or older DHEAS levels can be up to 75% lower.

Mode of action: DHEA acts predominantly as steroid precursor in the biosynthesis of androgenic and estrogenic sex steroids. There have been no DHEA/
DHEAS receptors identified yet. DHEA and DHEAS bind and activate several receptors including ER-ow and ER-f3, peroxisome-proliferator activated receptors,
PXR (pregnant-X-receptor), AUTO (constitutive androstane receptor) and beyond that membrane receptors as neuro-steroids like NMDA receptors (N-methyl-
D-aspartate, glutamate) as positive allosteric modulator of the GABAA receptor and negative allosteric modulator. DHEA/DHEAS has a variety of dose inde-
pendent effects like immune-modulation, effects on haemostasis, the lipid- and carbohydrate metabolism, bone health and mental health.

Pharmacology: The pharmacokinetic of DHEA depends on gender, dosing (25-50, 100 or 300 mg/day oral, no further increase of DHEA or DHEAS concentra-
tions, respectively), and the route of application (oral, transdermal, vaginal). The oral adsorption is excellent. DHEA is converted in DHEAS by sulphation in
the intestines and the liver after oral intake. DHEA and DHEAS were converted in several biologically active metabolites, including androstenedione, tes-
tosterone, estrone, estradiol and estriol. The elimination half-life of DHEA is 15-38 minutes; the half-life of DHEAS is 7-22 hours. Clearance of 51-73% of
DHEAS and its metabolites is achieved by renal excretion.

Route of administration:

— Oral: Females take initially (10)-25 mg in the morning with dose reduction depending on clinical symptoms and DHEA levels in the blood. Dose adjustment
is required for long-term treatments (e.g. 15-25 mg/day for females and 25-50 mg/day in males). Blood levels should be checked regulary and should range
from 20 to 30 nmol/I (5.6-8.6 ng/ml).

Supplements:

— Oral: There are several international vendors offering compounds with 10, 20, 50 and 100 mg (off-label in Germany on prescription). Physiological doses of
DHEA when taken per oral in healthy men > 40 years of age are between 20-50 mg for males and 10-30 mg for females. US pharmacists recommend 50—
200 mg daily despite some studies investigated doses above and below these ranges.

— Transdermal: There is a 10% DHEA cream for transdermal administration available. 3-5 g cream per day are usually applied resulting in 300-500 mg DHEA
applied to the skin.

— Intravaginal: According to Cleveland Clinic (http://www.clevelandclinicwellness.com/Features/Pages/DHEA-Suppositary.aspx): 25 mg suppositary for use
at night.

Side effects: Most of unwanted side effects are mild and occur due to the androgenic effect of DHEA. Increased sebum production, increased facial hair and
changes in androgenic hair might occur in females. Changes of the voice have not been observed yet.

Advantages and risks:

— No health-advantage detectable: There is no evidence that DHEA treatment can be used to prevent cardiovascular diseases, cognitive disorders, depres-
sion or to improve well-being. Most workgroups did not find any positive effects of DHEA on general well-being and physical strength. Small sample sizes
and short observational periods may play a role there. So far, there is no evidence that DHEA has positive effects in patients wishing to become pregnant:
premature ovarian insufficiency reduced ovarian reserve, poor response to stimulation in the context of ART.

— Potential health-advantages: DHEA substitution might play a role in women with low DHEA levels, e. g. adrenal insufficiency: Beside the substitution with
gluco- and mineral corticosteroids, one might consider DHEAS substitution in single cases.

— Anorexia nervosa: DHEA has positive effects on bones, also in women with a lack of estrogen in fertile ages, as for example in patients with anorexia ner-
vosa.

— Vaginal atrophy: Treatment with vaginal DHEA suppositories results in a rapid relief of symptoms of vaginal atrophy with only minimal to no changes in se-
rum steroids. There are no concerns of systemic side effects, as observed in estrogen therapy. However, local administration is required daily. Approved al-
ternative treatment options such as low dose intravaginal estriol treatment or oral administration of novel SERMs (Ospemifen) should be preferred.

— Health hazards: DHEA can be metabolized to testosterone as well as to estrogen. There is increasing evidence on a potential correlation between low
DHEA levels and a cardiovascular risk as well as to high DHEA levels and the risk to develop breast cancer. >
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Precautions:

Dehydroepiandrosterone (DHEA) and its Sulfate
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— Doping: DHEA is a prohibited substance according to the World Anti-Doping Code by the World Anti-Doping Agency.

— Drug-drug interactions: for example tamoxifen — concomitant DHEA administration might lead to tamoxifene-resistance.

— DHEA is commonly used as prescription-free food supplement or anti-ageing drug in the United States. This does not necessarily mean that the product is
safe since there are no corresponding long-term studies.

— Informed consent: Patients must be informed thoroughly about potential risks and benefits of DHEA treatment.

— Males: DHEA should not be used by persons suffering from prostate- or testicular cancer.

— All patients: Patients with severe diseases or hormonal disorders should take DHEA only after seeking competent medical advice and surveillance.

Future perspectives:

— Oral DHEA treatment might be indicated in special clinical indications as, in single cases, in patients with adrenal insufficiency, particularly in women.
— Intravaginal application in cases of vaginal atrophy is an interesting therapeutic option in this disorder.
— Positive effects of DHEA treatment on well-being, disturbances of memory, psychosexual disorders and bone-health were observed in studies investigat

ing DHEA in other indications.

— Clinical trials with new DHEA metabolits e.g. 7-keto-DHEA are still ongoing. J Reproduktionsmed Endokrinol_Online 2015; 12 (4): 318-41.

Key words: DHEA, androgens, supplementation, benefits, side effects, doping, future perspectives

B Structure

Dehydroepiandrosterone  (DHEA) (or
more correctly  didehydroepiandros-
terone), also known as androstenolone or
prasterone as well as 33-hydroxyandrost-
5-en-17-on is an important endogenous
steroid hormone [1].

Isomers: The term “dehydroepiandros-
terone” is chemically ambiguous since it
does not specify the position of lacking
hydrogen atoms on the epiandrosterone
molecule. DHEA has numerous natural
isomers, which might show similar phar-
macological effects. 1- and 4-dehydro-
epiandrosterone are isomers of DHEA.
These isomers also belong to the DHEA
group since they are dehydroepiandros-
terones that lack hydrogen atoms on the
epiandrosterone skeletone.

B Synthesis

DHEA is the most frequent steroid hor-
mone in humans [2]. 90-95% are syn-
thesized in the adrenal glands (The Merck
Index), but also to a lower extent in the
gonads and brain [3]. It primarily serves
as precursor substance for the biosynthe-
sis of androgens and estrogens [1, 4].

Figure 1 provides an overview of the ste-
roid genesis including the DHEA metab-
olism. The androgenicity of the various
androgens is shown in figure 2. DHEA is
formed from cholesterol by two cyto-
chrome P450 enzymes. The enzyme
P450 scc converts cholesterol by side
chain cleavage to pregnenolone.
CYP17A1, another enzyme, converts
pregnenolone to 17oa-hydroxy-pregne-
nolone and subsequently to DHEA [5].

Dehydroepiandrosterone sulphate (DHE-
AS) is the sulphate ester of DHEA. The
conversion is catalysed by a sulfotrans-
ferase and occurs primarily in the adre-
nal glands, the liver and the small intes-
tine. The enzyme DHEA sulfotransfer-
ase occurs in high concentrations in the
adrenal glands but not in the ovaries. In
peripheral tissues and the adrenal glands,
DHEA and DHEAS can be alternately
converted by a sulfohydrolase [6]. Ap-
proximately 64-74% of daily-synthe-
sized DHEAS is converted to DHEA
whereas only 13% of metabolized
DHEA are converted to DHEAS [7-9].

DHEA occurs mainly as DHEAS in the
blood. There, the ratio of DHEA:DHEAS
is 1:500.

DHEA and DHEAS form the largest
pool of hormones in the body: the con-
centrations are 10-times higher than
those of cortisol, 1,000 to 10,000 times
higher than those of estrogen and 100 to
1,000 times higher than the concentra-
tions of testosterone [10] (Fig. 3).

The kidneys of young adults secrete ap-
proximately 4 mg DHEA and 25 mg
DHEAS per day [7].
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Figure 1. Steroid synthesis (yellow: progestins; blue: androgens). From Wikipedia (http://en.wikipedia.org/wiki/

Steroid); GNU-License.
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Figure 2. Androgenic potency of various androgens during androgen synthesis. © Thomas Rabe.

Brain: In the human brain, the brain-to-
plasma ratio for DHEA and DHEAS is
4-6.5 respectively 8.5, which indicates a
neuroendocrine effect of the hormone [7,
11, 12]. For further information on the
endocrine effects of DHEA in the brain
refer to an overview provided by Starka
etal. 2015 [13].

Pregnancy: High amounts of DHEA and
DHEAS are synthesized in the adrenal
glands of the foetus during pregnancy,
acting as a main source for the synthesis
of estrogen in the placenta.

Age dependency: The production of
DHEA and DHEAS starts in the adrenal
glands with the beginning of the adre-
narche and increases during adolescence.
Peak levels of DHEA, respectively
DHEAS synthesis can be found in the
age between 20 and 30 years. Thereafter,
it decreases by approximately 2% per
year. In the age of 80-90 years, the max-
imum synthesis is only 10-20% of the
peak levels in the mid-20s [7, 14-17]
(Fig. 3).
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Figure 3. Dehydroepiandrosterone sulfate (DHEAS) in serum by age. Mod. according to [17]. © Thomas Rabe.
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B Metabolism

DHEA and DHEAS are steroid-precur-
sors of approximately 50% of androgens
in men, 75% of active estrogens in pre-
menopausal women und 100% of active
estrogens after the menopause [7, 16].

Testosterone-synthesis: DHEA is con-
verted to 4-androstenedione by 3f-
hydroxysteroid-dehydrogenase (3SD)
and, in a second step converted to testos-
terone by 17p-hydroxysteroid-dehydro-
genas type 3 (HSD17B3) (Fig. 1) [18,
19].

Testosterone is predominantly formed
from DHEA/DHEAS precursors in the
ovaries and to a small extent in the adre-
nal glands of fertile women [20]. The an-
drogen level of bilaterally ovariecto-
mized fertile breast cancer patients is
lower compared to women that undergo
a natural menopause. Here, the biggest
difference is in the levels of free testos-
terone [21]. The DHEAS increase (5-
8%) during the menopause in women af-
ter bilateral salpingo-oophorectomy is of
adrenal origin [22].

Estrogen-synthesis: The intracellular
aromatase enzyme CYP19A1 converts
testosterone to 17f-estradiol by a differ-
ent metabolic pathway. The aromatase
may also form estrone from 4-andro-
stenedione which is further processed by
17B-HSD to 17B-estradiol [16, 23]. Re-
actions mediated by CYP-enzymes are
irreversible whereas, dependent on the
type, the hydroxysteroid dehydrogenase
may also catalyse reverse reactions.

Active steroids are predominantly me-
tabolized to inactive conjugated reduced
steroids, which then can be excreted.

B Laboratory Diagnostics

DHEA occurs mainly as DHEAS in the
blood. There the concentrations of DHEAS
are approximately 300 times higher than
the concentrations of free DHEA. Con-
centrations of DHEA and DHEAS can
be measured in the peripheral blood.
There, the concentration of DHEAS is
not dependent on the time of sampling
whereas DHEA concentrations vary with
the time with peak levels in the morning
hours. The measurement of DHEAS in
the peripheral blood is more reasonable
since there is almost no variation.



Normal ranges of DHEAS

(Mayo Clinic; http://www.mayomedical

laboratories.com/test-catalog/Clinical+

and+Interpretive/8493)

— 18-29 years of age: 44-332 pg/ml
(120-905 umol/1)

— 30-39 years of age: 31-228 pg/ml
(85-621 umol/l)

— 40-49 years of age: 18-244 pg/ml
(49-665 wmol/l

— 50-59 years of age: < 15-200 pg/ml
(< 41-545 umol/l)

— 60 years of age and older: < 15-157
ug/ml (< 41-428 umol/1)

Increased Levels

Hyperfunction of the adrenal cortex
Since almost the entire DHEA produc-

tion takes place in the adrenal cortex, the
determination of DHEA/DHEAS in the
blood is useful for the diagnosis of an ex-
cessive adrenal cortex function which
might be triggered by an adrenocortical
carcinoma or hyperplasia but also by
several forms of congenital adrenocorti-
cal hyperplasia.

Five- to tenfold higher levels of DHEAS
can be detected in patients with congeni-
tal adrenocortical hyperplasia (CAH)
compared to healthy populations (Mayo
Clinic). Slightly increased levels in
adults are usually idiopathic. DHEAS
levels above 6 ug/ml indicate an andro-
gen secreting adrenocortical tumor. In
patients with such tumors, the DHEAS
levels are increased in more than 90% of
cases. Typically, they are remarkably
higher than 6 ug/ml in these cases. This
is especially the case in androgen pro-
ducing adrenocortical carcinomas, which
have lost the ability to produce down-
stream androgens like testosterone. In
contrast to these, androgen forming adre-
nocortical adenomas produce high
amounts of testosterone and low levels of
DHEAS (Mayo Clinic).

PCOS
Women with PCO-syndrome show fre-
quently elevated levels of DHEAS [24].

Exercise
Frequent exercise increases the DHEA
production [25, 26].

Calorie reduction leads to an increase in
DHEA levels in primates [27]. There-
fore, it was believed in the past that the
increase in endogen DHEA induced by

Dehydroepiandrosterone (DHEA) and its Sulfate
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caloric restriction might result in an in-
creased life expectancy [28].

Drugs increasing the DHEAS levels:
metformin, troglitazone, prolactin (sev-
eral neuroleptics indirect by inducing
hyperprolactinaemia), danazol, calcium
channel blockers (e.g. diltiazem, amlo-
dipine) and nicotine (Mayo Clinic)

Decreased Levels

— Adrenal Insufficiency.

— Drugs and hormones that might lower
the levels of DHEAS among others
are: insulin, oral contraceptives, CNS-
active substances that might increase
liver enzyme levels (e.g. carbamaze-
pine, clomipramine, imipramime,
phenytoin), numerous antilipemics
(e.g. statins, cholestyramine), dopa-
minergic drugs (e.g. levodopa/dopa-
mine, bromocriptine), fish oil and vi-
tamin E (Mayo Clinic).

— Low concentrations of DHEAS are
signs of ageing.

— Decreased concentrations of DHEAS
can also frequently be found in pa-
tients with diabetes, osteoporosis, de-
mentia, erectile dysfunction, vaginal
atrophia or colpitis after reduction of
the thickness and plasticity of the
vaginal skin and tissue, reduced libido
and reduced sexual desire (Rochester
University 2014; http://www.urmc.

rochester.edu/encyclopedia/content.

aspx?ContentTypelD=167&Contentl
D=dhea).

Relevance of DHEAS Determi-
nation

Detection of an adrenocortical hyperfunc-
tion due to adrenocortical hyperplasia or
adrenocortical carcinoma. Diagnosis of
adrenocortical insufficiency due to pitu-
itary or peripheral adrenal disorders.

B Mechanism of Action

DHEA receptor: A specific DHEA re-
ceptor has not been identified yet but
there are indications for the existence of
a DHEA plasma-membrane receptor in
the bovine aorta [29, 30]. The receptor is
located on the surface membrane of vas-
cular endothelial cells and binds DHEA
but no DHEAS. It is functionally cou-
pled to G-proteins and the NO synthase
[29].

Precursor for further effective andro-
gens: DHEA mainly serves as precursor

for stronger active androgens like testos-
terone and So.-dihydrotestosterone.

Androgen receptor: DHEA is a weak
partial antagonist of the androgen recep-
tor. However, due to the low affinity to
the androgen receptor it seems highly
unlikely that this effect is of any clinical
relevance [31, 32].

Estrogen receptor: DHEA can also bind
the ERa and ERp receptors leading to
their activation.

ERa: Partial agonist but the concentra-
tions needed for an activation are too
high to play a physiological role.

ERp: A full agonist with a maximum
reaction comparable or even higher
than estradiol. The DHEA concentra-
tion in the circulation and local tissues
in humans are sufficient to activate the
receptor to the same extent compared to
maximum increased but not ovulating
inducing concentrations of circulating
estradiol. The ER[ receptor activation
is doubled when DHEA is combined
with estradiol at levels which corre-
spond to the physiological concentra-
tions. Therefore, DHEA was consid-
ered to have an important endogenous
estrogen effect in the human body [31,
33].

Other steroid receptors: DHEA did not
bind or activate progesterone-, glucocor-
ticoid- or mineralocorticoid receptors
[31, 34].

Other nucleus receptors: ‘“peroxisome-
proliferator-activated receptors”, PXR
(“pregnant-X-receptor”’) and CAR (“‘con-
stitutive androstane receptor”).

Membrane Receptors

GABAA-receptors as negative alloste-
ric modulators: Stimulation of the syn-
thesis of GABAA (gamma-aminobutyr-
ic acid); DHEA and DHEAS can antag-
onize the effect of GABA [35]. NMDA
(N-methyl-D-aspartate, glutamate) re-
ceptors as positive allosteric modulators
and transmitters of anti-depressive and
cognitive effects as well as effects on
memory and stresscoping [7]. (sigma)1-
receptor as agonist; the (sigma)-1-re-
ceptor binds neurosteroids including
DHEA and DHEAS which show anti-
depressive like effects in animal models

[36].
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Adrenopause — DHEA supplementation

Controls
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Adrenopause,
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w
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Figure 4. DHEA-S in blood after oral administration of DHEA in women. Mod. according to [56] with kind permission

by A. Rémmler.

Neurosteroidal effects in the brain: All
the above-mentioned effects of DHEA in
the brain led to its labelling as being a
“neurosteroid”. DHEA is also formed
partly in brain tissue. It easily passes the
blood-brain barrier. DHEA acts, after its
transformation to testosterone and dihy-
drotestosterone or estradiol, via the an-
drogen and estrogen receptors, which are
frequently expressed in the brain. This
effect is predominantly facilitated by
non-genomic mechanisms or indirectly
by the efficacy of its metabolites locally
formed in the brain.

As a neuroactive hormone, DHEA inter-
acts with other hormones and transmitters
(see Membrane receptors) resulting in an
obvious influence on several aspects of
human moods and influences some facets
of human emotions and behaviour [13].

Direct effects on genomic enzymes:
Regulation of other proteins by indirect
genomic mechanisms, including the en-
zymes P4502C11 and 11B-HSD1 — of
which the latter is important for the bio-
synthesis of glucocorticoids and cortisol
— as well as in the anti-glucocorticoid ef-
fect of DHEA and the carrier IGFBP1
[31,37].

Neuroprotection: A neuroprotective and
anti-glucocorticoid activity as well as an
influence on immunoreactions has been
described. Some authors also reported its
regenerative role in degenerative brain
diseases [13].
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Immunity: DHEA can improve the im-
munity by activating T- and natural killer
cells. DHEA antagonizes the efficacy of
cortisol, which represses immunity [38—
40].

Interleukin-6 serum levels (a pro-inflam-
matory cytokine that plays a role in the
pathogenesis of osteoporosis, rheuma-
toid arthritis, atherosclerosis, Alzheim-
er’s disease, Parkinson’s disease and of
beta-cell tumors) increase significantly
with age and correlate with DHEA and
DHEAS serum levels (p < 0.001) [41].

Growth hormone: DHEA stimulates the

formation of the IGF-1 growth hormone
[42].

Role in depression and anxiety states:
DHEA acts as neurosteroid in the brain
(see Membrane receptors).

Stress management — the role of cortisol:
The DHEA concentration is inversely
correlated to the concentration of corti-
sol. Cortisol is one of the few hormones
that shows increasing concentrations
with progressing age. The stress induc-
ing effect of cortisol is well known.
Long-term increased cortisol levels have
anegative influence on several aspects of
body function, as for example the occur-
rence of insulin resistance and endocrine
disorders by interacting with the hypo-
thalamus. Preservation of healthy
DHEAS levels and concurrent control of
the cortisol concentrations is meaningful

in slowing down the physical ageing pro-
cess with simultaneous stress reduction

(Virileplex; http://www.virileplex.com/
DHEA .htm).

Sexual activity is increased by elevated
DHEA levels as reported in some studies
[43].

Quantity of muscle and fat: DHEA in-
creases the quantity of muscle- and re-
duces the fat tissue mass (especially via
the growth hormone and the insulin-like
growth factor I, IGF-1) [42].

Lipolytic effects: Stimulation of glu-
cose-6-phosphate  dehydrogenase and
NADPH, lowering of cholesterol and li-
poprotein (a), improvement of the ther-
mogenetic lipolysis [44].

Partially positive effects on the physical
and mental condition [45].

For a summary of mechanisms of action
of DHEA refer to Wolf [46] and Starka et
al [13].

® Pharmacology

The metabolism of DHEA is gender-spe-
cific, dose dependent and the way of
application (oral, transdermal, vaginal):

25 mg/day DHEA - oral [47]
— Study design: Treatment on post-
menopausal women for a period of 6
month led to the following changes of
hormone levels

— DHEA: Increase of the DHEA con-
centration

— SHGB: Unchanged

— Free testosterone: Increased

— Estradiol: No significant increase in
estrone and estradiol compared to
baseline

— Androgens: No significant increase in
Cmax and AUC 0-24h levels for an-
drogens and estrogens from day 1 un-
til the 3% and 6™ moth under treatment.

50 mg/day DHEA - oral [48]
— Study design: Daily oral supplemen-
tation of 50 mg DHEA for a period of
1 year in a double blind, placebo con-
trolled study in 20 healthy elderly
men and women (60-80 years of age)
— (DHEAge-Study)

— Half time: The terminal half time of
DHEA in the blood appeared to be
> 20 hours, at the same amount of



DHEAS in the blood. A result of back
hydrosilation of high levels of
DHEAS after oral DHEA supplemen-
tation, which is a mechanism that re-
sults in long-lasting, un-conjugated
DHEA and its metabolites.

— The metabolization of DHEAS was
significantly increased in women
compared to men.

— Accumulation: There was no accumu-
lation of steroids.

— Formation of androgen and estrogen:
There were no concerning transfor-
mation in androgens or estrogens ob-
served; a slightly increased endoge-
nous estradiol level in aging women
might be beneficial. The study dem-
onstrated the safety of daily oral ad-
ministration of DHEA at 50 mg in el-
derly patients.

100 mg/day DHEA - oral [42]

— Study design: Healthy, non-obese el-
derly (50-65 years of age) men (n =9)
and females (n = 10) were random-
ized in a double blind, placebo con-
trolled crossover study. Sixteen pa-
tients completed the study period of
one year with a six months period of
placebo and six months period of dai-
ly oral 100 mg DHEA treatment.

— Basal serum levels of DHEA,
DHEAS, androstenedione (A), testos-
terone (T) and di-hydrotestosterone
(DHT) were within or below the nor-
mal levels for younger adults.

— DHEA: The DHEA levels of younger
adults were reached in both sexes at a
daily dose of 100 mg DHEA. The se-
rum DHEAS levels were led back or
even slightly exceeded the levels in
younger adults.

— Cortisol: The serum cortisol levels re-
mained unchanged. The DS/cortisol
ratio was increased to levels occurring
during adolescence (10:1).

— Testosterone, So-dihydrotestosterone,
androstenedione: The levels for each
of the hormones increased to a 3-5
fold higher levels compared to base-
line in females (p < 0.001 for each).

— Insulin-like growth factors: The se-
rum IGF-I level was increased com-
pared to baseline in man (16 = 6%,
p = 0.04) and women (31 = 12%,
p = 0.02). The serum levels of IFG-
BP-1 and IGFBP-3 remained un-
changed. The GHBP (growth hor-
mone binding protein) levels de-
creased in women (28 + 6%, p = 0.02)
but not in men.
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— Safety parameters: There were no
changes in the basal metabolic rate,
bone density, urine pyridinoline,
“cross-links”, fasting insulin, glucose,
cortisol or lipids in both sexes.

300 mg/day DHEA - oral [49]
— Doses of 300 mg oral DHEA per day
did not result in a further increase of
serum DHEA and DHEAS concen-
trations. Therefore, higher doses
have almost no further therapeutic
benefit.

Summary [50]

Physiological DHEA substitution in el-
der people aged 40 years or higher are
within the range of 20-50 mg per day for
man and 10-30 mg per day for women
[7, 51]. These doses are usually suffi-
cient to increase the DHEAS levels to
those of young adults aged 20-30 years.
Higher doses might be indicated in case
of suppressed DHEA and DHEAS levels
due to chronic diseases, adrenal insuffi-
ciency and during corticosteroid therapy.
DHEA is usually taken once a day in the
morning hours.

Remark: An assessment of DHEA thera-
py will be performed at the end of this ar-
ticle.

Pharmacokinetics after oral
Administration of DHEA [49,
50, 52-55]
— Adsorption: The adsorption of oral
DHEA is excellent.

— Distribution volume: The distribution
volume is 17.0 to 38.5 L for DHEA
and 8.5-9.3 L for DHEAS.

— Metabolism: oral administered DHEA
is metabolized to a sulphate in the liv-
er and bowel.

DHEA and DHEAS are metabolized to
active metabolites including androstene-
dione, testosterone, estrone, estradiol
and estriol.

— The elimination half-life of DHEA is
15-38 minutes whereas the half-life
of DHEAS is 7-22 hours.

— Excretion: 51-73% of DHEAS and its
metabolites are excreted renally.

Medical Compounds

— There are several international ven-
dors offering preparations of 10, 20,
50 and 100 mg.

Recommendations for use

— Oral: DHEA can be obtained on pre-
scription only from the pharmacy or
from international online pharma-
cies.

— Dosing: Females initial: (10)-25 mg
in the morning hours with a dose re-
duction depending on the symptom-
atology and the blood DHEA level.

— Side effects: DHEA treatment can
cause the occurrence of seborrhoea
due to its androgen residual effects.

Dose adjustment is necessary for a long-
term treatment (e.g. 15-25 mg per day in
females and 25-50 mg/day in man).
Rommler [56] conducted important stud-
ies.

— Depot injection: The combination of
estradiol valerate and 200 mg DHEA
(tradename Gynodiandepot) is in Ger-
many not available anymore, but can
be ordered from international online
pharmacies.

— Transdermal: As shown by clinical
and biophysical investigations DHEA
is topically resorbed and effective
[57]. This was supported by investiga-
tions of the pan genomic expression
profile [58]. Nouveau et al [57] inves-
tigated the in vivo effects of topical
DHEA (1%) on skin ageing in a pilot
study. Two groups of 20 postmeno-
pausal women applied DHEA (1%) or
carrier substance on the skin of face
and hands for a period of 4 months.
Clinical and biophysical signs of skin
ageing assessed the efficacy of the
treatment. This pilot study demon-
strated positive effects on skin ageing
which could be rarely observed in top-
ical treatments. For the first time, Cal-
vo et al 2008 [58] investigated the pan
genomic profile of the human skin in
women receiving topical DHEA treat-
ment. Sixty postmenopausal women
participated in this prospective, ran-
domized, double blind and placebo
controlled Phase II trial and were ran-
domized in four groups: Twice daily
topical application of 0% (placebo),
0.3%, 1% and 2% DHEA cream.
Changes in the pangenomic expres-
sion profiles were investigated by use
of Affymetrix gene chips. Significant
changes (p < 0.05) were found in 66
DHEA reactive special sets corre-
sponding to 52 well characterised
genes und 9 unknown gene sequences.
In this study, DHEA induced an anti-

J Reproduktionsmed Endokrinol_Online 2015; 12 (4) 323



Dehydroepiandrosterone (DHEA) and its Sulfate

ageing effect on the skin by stimulat-
ing the collagen biosynthesis and im-
proved the structural organisation of
the dermis by modulation of the kera-
tinocyte metabolism — as demonstrat-
ed by several gene expressions.

Diamond et al [59] investigated the ef-
fect of DHEA substitution in women of
6070 years of age (n = 15) who received
a percutaneous injection of a 10% DHEA
containing cream for a period of 12
months. They found a positive effect of
the DHEA treatment without negative ef-
fects (including lipids, growth hormone,
IGF-1, decrease of fasting glucose and
fasting insulin).

Labrie et al [60] investigated the bio-

availability of DHEA after oral and per-

cutaneous application. Three groups of

12 postmenopausal women aged 60-70

years received either two capsules 50 mg

DHEA orally before breakfast for 14

days or applied 4 g of a 10% DHEA

cream/gel daily. The results showed:

— No changes in the estrone (E1) and es-
tradiol (E2) serum levels in all three
formulations.

— Increase in androstenedione (4-dion),
testosterone, DHAE sulphate (DHEAS),
Ei-S, androsterone glucuronide
(ADG-T) and 3oa-androstanediol-G
(3a-diol-G) in all cases.

— The major result of the study by Lab-
rie et al [60] was, that the changes in
serum DHEA levels after oral or per-
cutaneous application of DHEA are
no reliable parameter for the DHEA
effect. Particularly since the DHEA
increase is in minimum 100% higher
than the increase in the active andro-
gens and estrogens and therefore far
above the potential physiological ef-
fects.

— Vaginal: Panjari and Davis 2011 [61],
Labrie et al 2009 [62, 63] and Berger
et al 2008 [64] investigated the vagi-
nal application of DHEA. The authors
found positive effects in vaginal dys-
trophy but discussed the benefits and
acceptance of permanent daily local
vaginal treatment and whether DHEA
might be less expensive than an estro-
gen treatment.

® Clinical use of DHEA

The following aspects are of interest: Is
DHEA a serum marker for a specific dis-
ease? In which diseases can DHEA treat-
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ment lead to an improvement or is it use-
ful for prophylactic reasons? Can ageing
be stopped by DHEA? What are the ben-
efits and risks?

Laboratory assessment and
Supplementation of DHEA -
yes or no?

Among others, the question in whether
the decrease in a laboratory parameter —
in this context estrogens and androgens —
during the ageing process should be in-
creased to the level of young adults, with
the exception of diabetes mellitus, for
several ageing specific parameters is not
finally resolved. A substitution of estro-
gen is an individual decision. The poten-
tial areas for a clinical use of DHEA are
discussed in the following sections.

Adrenal insufficiency

Adrenal insufficiency can be caused for
example by the failure of the pituitary
gland resulting in impaired ACTH secre-
tion or by M. Addison.

Some functions of the adrenal gland also
decrease during the normal ageing pro-
cess, including the DHEA synthesis.

DHEA and Adrenal insufficien-
cy

According to the literature available: All
RCT [65-68].

Therapeutic recommendations
by the German Society for
Endocrinology
(http://www.endokrinologie.net/krank-
heiten-nebenniereninsuffizienz.php)

Cortisol deficiency: Treatment with hy-
drocortisone or a comparable substance
(Remark: The DHEAS level in healthy
people is 10 times higher than the corti-
sol level).

Aldosterone deficiency: Fludrocortison

DHEA deficiency: will not necessarily
be substituted. Some women benefit
from DHEA supplementation, especially
when there is a high level of suffering
caused by strong dryness of the skin, loss
of the libido or fatigue. 24 female pa-
tients with adrenal insufficiency received
every morning by random 50 mg DHEA
or placebo for a period of four months
followed by a washout period of one
month in a double blind study. DHEA
improved the well-being scores for de-

pression and anxiety remarkably. In ad-
dition, the sexual interest as well as the
satisfaction of mental and physical as-
pects of sexuality improved [65]. In ado-
lescents with central adrenal insufficien-
cy, the application of 25 mg oral DHEA
per day is of advantage: It leads to an in-
crease in pubic hair growth and to an im-
provement of psychic well-being [69].
Srinivasan et al 2009 [70] did not ob-
serve any benefit of DHEA (50 mg/day
oral) versus placebo on the lipid levels in
33 Caucasian women with adrenal insuf-
ficiency (mean +SD, age 50.3 +15.2
years, BMI 26.6 + 4.4 kg/m?) in a double
blind, randomized, placebo controlled
crossover study.

In a review of the available literature, Al-
katib et al 2009 [71] concluded that a
routine use of DHEA in women suffer-
ing from adrenal sufficiency should not
be supported.

Treatment of peri- and post-
menopausal Symptoms

DHEA and Hot Flushes

In a small prospective study, Barton et al
2006 [72] treated 22 postmenopausal pa-
tients with 50 mg/day oral DHEA for a
period of four weeks. The mean number
of hot flushes decreased by 50% com-
pared to the baseline. There were no ad-
verse effects observed. The quality of
life in terms of hot flushes improved sta-
tistically significant under DHEA treat-
ment. Larger placebo controlled studies,
investigating DHEA are demanded.

DHEA in Women after Menopause
The use of DHEA in postmenopausal

women with normal renal function was
assessed by Davis et al 2011 [73] and
Goel and Capploa 2011 [74]. Despite the
fact, that cross-sectional studies showed a
coherence of DHEA levels and sexual
function, well-being and cognitive func-
tion in postmenopausal women, placebo
controlled RCTs failed to verify this.
Moreover, there were also no positive ef-
fects on lipid- or carbohydrate metabo-
lism observed [73]. Data from ran-
domized studies investigating DHEA in
postmenopausal women with normal ad-
renal function did not justify the use of
DHEA in those women [73]. Goel and
Cappola 2011 [74] also criticised the use
of DHEA in postmenopausal women in a
review article. By the daily oral intake of
DHEA, serum concentrations compara-
ble to those of young 20-year-old females
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were reached. Several observational stud-
ies demonstrated that low DHEA levels
were associated with an increased risk of
cardiovascular events in females. Howev-
er, interventional studies failed to show
an improvement of atherosclerotic or car-
diovascular risk factors but a decrease in
HDL cholesterol. Concomitant to other
therapies, DHEA slightly improved the
BMD and memory function in women
with slight weakness of memory but did
not show any additional benefit in wom-
en with normal memory. Intravaginal but
not oral application of DHEA led to an
improvement of symptoms of vaginal
atrophy and the sexual function in post-
menopausal women.

Based on these data, there is no rationale
for the use of DHEA in healthy, post-
menopausal women. In areas, where po-
tential benefits are considered, as well as
for the verification of the safety profile,
long-term studies are needed.

DHEA in Combination with Estrogen
Substitution

In a 12 months period study, 10 mg
DHEA were combined with an estradiol
patch (50 ug/day). Here, androgen lev-
els, comparable to those of young wom-
en, were reached and a positive effect on
the estrogenization was observed. The
impact of DHEA on well-being and sex-
uval function was not assessed [75].
DHEA in combination with a selective
estrogen receptor modulator.

See: US governmental trial (http://clini-
caltrials.gov): DHEA and acolbifene for
vasomotor symptoms.

Well-being, Mood and DHEA
Women in the climactic period frequent-
ly report fatigue, a reduced well-being
and loss of libido [76, 77]. The major
reason for vasomotor symptoms is the
deficiency of estrogen during the pre-
menopausal transition phase. In this pe-
riod of life, the decrease in estrogen pro-
duction occurs to a higher extent than the
decrease of androgen formation.

Therapeutic Options
The following summary is based on the

review by Panjari and Davis 2010 [78].

Testosterone: Some studies demonstrated
an improvement of the well-being under
testosterone treatment [79-81], whereas
other studies failed to verify this [82].

DHEA: One might assume in theory that
DHEA has a positive effect on well-be-
ing comparable to testosterone since
DHEA is metabolized to testosterone
and estrogen. However, data on DHEA
administration and the effect on the well-
being during the perimenopause are con-
troversial [78].

According to the literature available: Six
RCTs investigated the effect of DHEA
on the well-being and the mood [45, 83—
87].

DHEA in supra-physiological doses:
The first studies had methodological
weaknesses because sample sizes were
too small, doses of DHEA were supra-
physiological, and treatment periods were
too short. There are two studies which
indicate that supra-physiological doses of
DHEA lead to a lift of the mood [85, 87].

Up tp 2009, none of the up to then cur-
rent studies could demonstrate an advan-
tage of DHEA treatment on well-being
[88-90].

The prospective, randomized, placebo
controlled pilot study by Dayal et al
2009 [91] showed no improvement of
the health related quality of life by
DHEA. A randomized study with 57 el-
derly women (age > 60 years) who re-
ceived 50 mg/day oral DHEA for a peri-
od of 24 months did not show an im-
provement in the quality of life [90]. In
another randomized study, also investi-
gating 50 mg/day oral DHEA, was also
no positive effect regarding mood, qual-
ity of life, sensation of physical and men-
tal health as well as life satisfaction ob-
served [88]. Panjari et al [89] also failed
to show an improvement of well-being
by 50 mg DHEA.

Intravaginal treatment with DHEA: De-
spite the promising positive effect on the
sexual function intravaginal application
of DHEA did not lead to an improved
well-being [63].

DHEA and Well-being — Summary
— Data on the efficacy of a DHEA treat-

ment on the well-being in the climac-
teric period are controversial [78].

— Women with very low DHEA/
DHEAS levels, e.g. due to adrenal in-
sufficiency, anorexia nervosa or even
postmenopausal status might gain
therapeutic benefit — However, the ef-

ficacy of alternative treatments must
be taken into account.

®m Cognitive Function and
DHEA

In the year 2006, there were 26.6 million
people diagnosed with Alzheimer’s dis-
ease worldwide. According to projec-
tions, one out of 85 men will have been
diagnosed with Alzheimer’s disease in
the year 2050 [92]. Four out of five stud-
ies generated data on elderly women in
adequate parallel-group comparisons
[93]. Barnhart et al [84] investigated per-
imenopausal women who stated to have
a lowered well-being and conducted
three tests to examine the memory func-
tion. There were no differences in mem-
ory function observed between DHEA
and placebo after a three-month treat-
ment period.

Wolf et al [94] investigated 75 healthy
subjects (37 females and 38 males aged
between 59 and 81 years) to analyze the
effect of DHEA on stress induced im-
pairment of memory and found positive,
clinically relevant effects.

Dayal et al [91]: 50 postmenopausal
women were randomized to receive the
following daily treatments over a period
of 12 weeks (1) DHEA 50 mg, (2) conju-
gates equine estrogen (CEE) 0.625 mg
(3) DHEA 50 mg + CEE 0.625 mg or (4)
placebo. Beside other results, there was
no effect on the health related quality of
life detected.

Nair [90] investigated in a two-year, pla-
cebo controlled, randomized, double
blind study the effect of DHEA versus
placebo in 87 elderly man with a low
DHEA- and free testosterone level as
well as in 57 elderly women with low
DHEA levels. The dosing in men was
75 mg/day DHEA, respectively placebo.
Women received a testosterone patch
(5 mg/day) or placebo. DHEA neither
had a positive effect on the body compo-
sition, physical strength, the insulin sen-
sitivity nor on the quality of life.

Von Miihlen [95] also demonstrated that
a DHEA treatment for a one-year period
has no advantage for memory function in
225 heathy elderly.

Several controversial studies investigat-
ed the effect of DHEA on the cognitive
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function, including patients with Al-
zheimer’s disease. Yamada et al [96] de-
scribed positive effects on the memory in
Alzheimer’s disease patients. A small
case control study investigated the effect
of 25 mg DHEA daily in 17 patients be-
tween 65 and 90 years old with impaired
memory and cognitive function vs
placebo. A potential positive effect of
DHEA on the memory and activities of
the daily life was shown.

No positive effects on cognitive function
was observed by Kritz-Silverstein et al
[97]. The authors investigated the effect
of DHEA (50 mg/day) compared to pla-
cebo on the cognitive function and qual-
ity of life in healthy, elderly adults (110
man, 115 women) (aged 55-85 years) in
a double blind, randomized, controlled
clinical study over a one-year period.

DHEA and Memory — Summary
— Positive memories of the past often

become more important due to in-
creasing isolation of an ageing popu-
lation. The thoughts of elderly are in-
creasingly in the past.

— Memory and cognitive functions are
dependent on genetic risk factors and
on environmental- and mental train-
ing. Social isolation and drugs, exces-
sive alcohol consumption, anti-de-
pressants, sleeping pills as well as
several drugs, taken against age related
diseases, impaired memory function.

— The few data available from con-
trolled studies do not support the use
of DHEA for the improvement of
memory in middle-aged or old wom-
en without pre-existent dementia. The
data on safety are insufficient [93].

— In patients with dementia, the data
available are not sufficient to judge on
improvement of memory or other as-
pects of cognitive functions by
DHEA. In addition, there has been no
proven efficacy yet on studies on
DHEA treatment in female patients
with Alzheimer’s disease [98].

— Facing the growing public enthusiasm
for DHEA supplementation, in partic-
ular in the US, and the theoretical pos-
sibility of a long-term neuro-protec-
tive effect of DHEA, there is a need
for clinical trials with treatment dura-
tions of more than one year. Adequate
sample sizes are required to get suffi-
cient statistical power and cognitive
functions should be assessed in all
studies [93].
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DHEA and Depression

Since DHEA plays a role in several re-
ceptor-mediated reactions in the CNS,
there are assumptions concerning posi-
tive effects on the central mechanisms of
depression. However, results of studies
on this topic are controversial.

DHEA is a poor indicator for depression
according to a study by Kurita et al [99].
In this study, serum levels of adrenal an-
drogens in male and female patients with
major depressions (major depressive dis-
orders [MDD]) were investigated. In to-
tal 90 patients, all of them receiving anti-
depressant treatment were included in
the study. Baseline serum levels of
DHEA and DHEAS were determined.
The levels were compared to those of
128 healthy subjects in the beginning.
The correlation of obtained serum hor-
mone levels with the depression score
according to the Hamilton rating scale
for depression (HAM-D), stratified by
gender was performed in a second step.
There were different DHEAS serum lev-
els detected between males and females,
but DHEA, respectively DHEAS ap-
peared to be a bad indicator for the deter-
mination of the severity of the depres-
sion.

A correlation between increased DHEAS
levels and symptoms of depression dur-
ing the perimenopause was shown in the
PENN Ovarian ageing study [100].

A population-based study on 436 Afro-
Americans and Caucasian premeno-
pausal women aged between 35 and 47
years revealed no correlation between
DHEAS levels and the diagnosis of a
major depression. However, DHEAS
levels correlated with symptoms of de-
pression during the perimenopause. This
indicates that DHEA might trigger
symptoms of depression in perimen-
pausal women.

DHEA and Depression — Summary
Worldwide, approximately 500 million

people suffer from neurotic-, stress de-
pendent- and psychiatric disorders [101].
Depression is globally recognized as a
major disease in all populations. Approx-
imately 350 million people are current-
ly affected by depressions (WHO 2012;
http://www.who.int/mental health/

management/depression/who_paper

depression_wfmh 2012.pdf). The inci-
dence in women is 50% higher than in

men (WHO 2008; http://whglibdoc.who.
int/publications/2010/9789241548069
eng.pdf). There are at least three levels of
depressions: subdued mood, depression
as a symptom and clinical depression
(NAMS 2014; http://www.menopause.
org/for-women/menopauseflashes/
depression-menopause).

Depressive disorders belong to the so-
called affective disorders (manic epi-
sodes, bipolar affective disorders, de-
pressive episodes, recurrent depressive
disorders, persisting affective disorders).
The classification is based on the ICD-10
and the US-American diagnostic manual
(DSM). According to ICD-10 and DSM
depressions can be distinguished from
mood changes [102].

Currently, in Germany there are approxi-
mately 5% of the population aged 18-65
years suffering from depression requir-
ing treatment (approximately 3.1 million
people). Moreover, approximately 4 mil-
lion people suffer from depressive epi-
sodes. The number of people who devel-
op depression during their lifetime is
even higher (Deutsche Depressionshilfe;
www.deutsche-depressionshilfe.de).
DHEA and DHEAS are formed in the
brain tissue and act as neurosteroids.
However, the neurosteroid allopregnano-
lone is a more potent ligand. The few
studies available did not show a correla-
tion between serum DHEAS levels and
the diagnosis of a major depression.
Some data suggest that DHEAS substitu-
tion could lead to a deterioration of de-
pressive disorders.

B Cardiovascular Diseases
and Mortality

More than 23 million people will die
from cardiovascular diseases (CHD) per
year until 2030 (WHO 2011, http:/

whqlibdoc.who.int/publications/2011/
9789241564373 eng.pdf and WHO

2014, http://www.who.int/cardiovascu-
lar diseases/en/).

DHEA/DHEAS as Biomarker
for Coronary Heart Disease
(CHD)

A study on men aged 50 years or higher,
published in 1986, revealed that there is
no correlation between DHEAS levels
and deaths of any cause. DHEAS levels
are inversely proportional to deaths due
to cardiovascular disease [103]. In a re-



Dehydroepiandrosterone (DHEA) and its Sulfate

view article, analysing four case-con-
trol- and eight cohort studies, Thijs et al
2003 [104] found that the data available
were sufficient to conclude that low lev-
els of DHEAS among men are associat-
ed with an increased risk of cardiovascu-
lar disease but that the data were insuffi-
cient to determine whether DHEA sup-
plementation lowers this risk. However,
these findings could not be verified by
Arnlov et al [105]. They found no corre-
lation between DHEA levels and the risk
of cardiovascular disease or deaths in
2,084 middle-aged men without a risk
for CHD at the start of the study. Serum
testosterone and DHEAS did not corre-
late statistically significant with the
CHD results. In this population-based
study increased serum estradiol levels
correlated with a lowered risk of CHD in
elderly men.

DHEAS Substitution and CVD
DHEA improves the oxidative balance
and lowers the tissue levels of pentosi-
dine — a marker for advance glycation
end-products — in patients with diabetes
[106].

DHEA and CVD - Myocardial
Infarction

Increased risk for myocardial infarction:
Page et al [107] investigated the correla-
tion between DHEA and DHEAS serum
levels and the observed risk for myocar-
dial infarction in females in a retrospec-
tive case-control study, including partici-
pants from the Nurses’ Health Study co-
hort. A weak positive correlation be-
tween serum DHEA-/DHEAS levels and
the risk for myocardial infarction was
found, predominantly in postmenopausal
women.

Perfusion parameters and arteriosclero-
sis Weiss et al [108] investigated whether
oral application of DHEA in elderly de-
creases the carotid augmentation index
(AI) and the carotid pulse wave velocity
(PWYV) as markers for the vascular wall
stability (arterial stiffness). The Al could
be measured in 92 and the PWI in 51
women, aged 65-75 years, who received
50 mg DHEA oral in a double blind, ran-
domized study. The results showed that
DHEA substitution in elderly improved
the arterial flexibility index. Arterial
flexibility decreases with age and is an
independent risk factor for CHD. So far,
there is evidence that supplementation of
DHEA had a positive effect on vascular

ageing and results in a decreased risk for
CHD.

Cardiovascular Mortality and

DHEA

In 1996, it was assumed that the majority

of studies would show an inverse corre-

lation between DHEA/DHEAS levels
and cardiovascular morbidity and mor-

tality in men but not in women [109].

Later on, this optimistic assumption

could not be supported by additional

clinical studies. A five-year epidemio-
logic cohort study revealed no statistical-
ly significant correlation between

DHEA/DHEAS serum levels and the de-

velopment of arteriosclerosis in men or

women [110]. Ohlsson et al [111] sum-
marized available data on DHEA and
cardiovascular mortality as follows:

— Elderly men: Although the publica-
tions appear inconsistent, the authors
conclude that several population
based studies show a correlation be-
tween low DHEA/DHEAS levels and
the risk for mortality at least in elderly
men. The currently available data
rather indicate a correlation with car-
diovascular mortality than with can-
cer mortality.

— Elderly women: There is no associa-
tion.

However, there are biologically plausible
mechanisms for the effect of DHEA/
DHEAS on the development of cardio-
vascular disease. Nevertheless, there is
strong evidence that any disease lowers
DHEA/DHEAS levels. However, the pa-
thomechanism and consequences are not
fully understood yet [111].

DHEA and cardiovascular diseases —
Summary

Worldwide, cardiovascular disease, in-
cluding arterial hypertension, myocar-
dial infarction, stroke and venous throm-
boembolism increasewith age. More
than 23 million people will die from car-
diovascular disease in the year 2030
worldwide (WHO 2014, http://www.
who.int/cardiovascular_diseases/en/).
Most of the cardiovascular diseases de-
pend on avoidable risk factors. Changes
in blood lipids and carbohydrate metabo-
lism are increasing due to an unhealthy
lifestyle.

Estrogens: A primary and secondary pre-
vention of cardiovascular diseases by an
estrogen therapy during peri- and post-

menopause is controversial but might be
possible when the estrogen treatment
starts very early.

DHEA: There are several studies investi-
gating the effect of DHEA on the lipid-
and carbohydrate metabolism, cardio-
vascular disease and cardiovascular mor-
tality. However, a statement cannot be
made due to the limited sample sizes and
potential biases of the study designs.

® Changes in Metabolism

DHEA is an indirect parameter of cardio-
vascular health; its effect on the lipid-
and carbohydrate metabolism and hae-
mostasis will be discussed here.

Interpreting clinical laboratory results as
predictors for certain diseases is some-
times misleading, since the changes,
which can be detected in ill patients
might have a different meaning in healthy
people. There are several partly synergis-
tic, partly antagonistic or neutral param-
eters in the lipid- and carbohydrate me-
tabolism and haemostasis, which have
no predictive value. Further studies are
of importance for the evaluation of the
complex interaction of these parameters.

Lipid Metabolism

Cardiovascular disease is the leading
cause of death and invalidity with re-
strictions in the quality of life world-
wide. Increased LDL- and cholesterol
levels are major factors for cardiovascu-
lar diseases. At least one third of all car-
diovascular diseases are correlated with
the following five risk factors in the so
called developed countries: smoking, ex-
cessive alcohol consumption, increased
blood pressure, increased serum choles-
terol levels and obesity. Here, increased
cholesterol is correlated to 56% of all
cases of coronary heart disease and 18%
of all cases of ischemic stroke [112].

The following analysis is based on a re-

view by Panjari and Davis [78]:

— DHEA has anti-atherogenic effects as
shown in animal models [113-115].

— Exogenous DHEA is supposed to in-
fluence the cardiovascular risk mainly
by its effect on the lipid metabolism.

— The cardio-protective effect occurs
predominantly in men. This indicates
that the effect is based on the conver-
sion to estrogens and androgens [103,
117].
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— However, Cheng et al [115] could
show, that the possibly anti-androgen-
ic effect of DHEA is not based on the
conversion to estrogens and andro-
gens but on its own bioactivity.

— DHEA substitution: several studies
describe the effects of DHEA on lip-
ids: A slight decrease of HDL choles-
terol was shown by Mortola and Yen
[118], Morales et al [45], Nair et al
[90], Labrie et al [16], Casson et al
[119], Srinivasa et al [70], Barnhart et
al [84], Johannson et al [67], Dhatari-
ya et al [120], Dayal et al 2005 [91]
and Arlt et al 1999 [65] with concur-
rent decrease of total cholesterol [16,
65,70, 118, 121].

However, not all studies demonstrated
significant changes in the lipid pattern
[68, 89, 122—-124], but the interpretation
of changes in the lipid pattern and the
relevance of total cholesterol and HDL
cholesterol observed in these studies is
controversial [70, 113].

Current Studies on the impact of DHEA

on Lipid Metabolism
A three month treatment with 100 mg

DHEA (oral) showed a potentially fa-
vourable lipid profile compared to place-
bo treatment [125]. The group of Bed-
narel-Tupikowka et al [126] demonstrat-
ed varying correlations of serum lipids
(increase of triglycerides and HDL cho-
lesterol) and endogenous DHEA levels
in 40 postmenopausal female patients. A
decrease of triglyceride level under treat-
ment with 50 mg DHEA (oral) was
found in a larger double blind, ran-
domized study in postmenopausal wom-
en with pathological glucose tolerance at
baseline [127]. A three month treatment
period with DHEAS (100 mg oral per
day) showed an improvement of meta-
bolic parameters compared to placebo in
a randomized, placebo controlled, dou-
ble blind study in 61 postmenopausal fe-
male patients with metabolic syndrome
[128].

DHEA and lipids — Summary
The interpretation of the predictive im-

pact of lipid changes on the development
of cardiovascular diseases resulted in
different evaluations in the recent years.
For example, the anti-atherogenic effect
of HDL should rather be based on its
functionality (particle size, quantity)
than on its plasma concentration [13,
70]. This would in return outweigh the
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negative impact of the DHEA induced
decrease in HDL cholesterol. The data
available show that the effect of DHEA
on the plasma lipid profile, respectively
glycoproteins, is moderate and not of
clinical significance [78].

Carbohydrate Metabolism
Excessive food intake and lack of exer-
cise are important risk factors for cardio-
vascular disease and result in a global in-
crease in obesity and type-2 diabetic pa-
tients.

The following analysis is based on a re-
view by Panjari and Davis [78]:

DHEA as metabolic marker: Low DHEA
serum levels, as they occur during age-
ing, are correlated with an disorder in the
glucose tolerance, an increased insulin
resistance and an increased risk for the
development of diabetes mellitus [10,
129, 130]. Exogenous supplementation
of DHEA in women after menopause
(see review by Panjari and Davis [78])
resulted in the following changes of the
carbohydrate metabolism:
— Increase in insulin sensitivity after
treatment with DHEA [120, 122, 131]
Decreased insulin sensitivity [118]
No changes [45, 89, 90, 119, 123,
124, 132, 133]
— The results are inconsistent and there-
fore, the correlation between DHEA
and the carbohydrate metabolism re-
quires further investigations.
Panjari et al [89] showed no correla-
tion between DHEA and the carbohy-
drate- and lipid metabolism in a pla-
cebo controlled, double blind, ran-
domized study in postmenopausal
women (n = 93) with decreased libido
investigating the sexual improvement,
lipid- and carbohydrate profile and
endometrial safety of 50 mg DHEA/
day (oral). DHEA showed no effect
on the lipid metabolism and insulin
resistance. The endometrial perfusion
pattern showed no significant differ-
ences in DHEA treated- and placebo
treated patients. There were also no
significant changes in the endometrial
safety observed.

— Glucose tolerance was improved by
50 mg DHEA/day compared to place-
bo in a large randomized double blind
study in women with pre-existing
pathological glucose tolerance. For
further details of the study see also the
chapter on lipid metabolism [127].

Haemostasis

Several factors might influence an in-
creased haemostasis, which can result in
a restriction or interruption of blood
flow. An embolus might result in throm-
boembolism, cardiac infarction, stroke
and other damages to body organs that
can also result in death (American Heart
Association, http://www.heart.org/HEART
ORG/Conditions/More/Understand-
Your-Risk-for-Excessive-Blood-Clot-
ting UCM 448771 Article.jsp). In 60—
80% of patients with thromboembolism,
pre-existing genetic factors are the cause
for the embolism. Up to 10% of the pop-
ulation have constitutional haemostasis-
disorders that might lead to embolism or
thromboembolism according to multi-
modal models [134]. An unphysiologi-
cally high dose of 100-300 mg DHEA
per day results in an inhibition of throm-
boxane A2 in activated thrombocytes, to
a decrease of the plasminogen inhibitor
type I in the plasma and the plasminogen
activator in tissues as well as in an in-
crease of the insulin-like growth factor I,
of cyclic guanosine monophosphate and
the nitrogen monoxide synthesis (either
directly or by an increase of IGF-1) in
humans [51, 135-137].

These effects on the metabolism indicate
that in clinically not relevant supraphysi-
ological doses DHEA,might improve
microcirculation. It might also have a
positive effect on risk factors for cardio-
vascular disease by regulation of factors
like aggregation of thrombocytes and
prevention of ischemia.

DHEA and Haemostasis — Summary
In physiological concentrations DHEA

does not appear to influence haemosta-
sis.

® DHEA and Lupus
erythematosus

DHEA might play a positive role in im-
munomodulation due to functional acti-
vation of T-cells with an increase of
CD8+ and CD56+ cell (natural killer
cells), increased cytotoxic activity [40,
45, 51, 138) and an inhibition of the
pro-inflammatory cytokine interleu-
kin-6 [41]. Lupus erythematosus is an
autoimmune disease. There are several
studies investigating the effect of DHEA
on the symptoms due to its impact on
the immune system. An exogenous
application of DHEA for the treatment



of SLE initially showed promising re-
sults.

Patients with SLE were treated with 200
mg DHEA/day for a period of three
months in a randomized, double blind
study. There were several clinical effects
observed, however, the antibody titres
remained unchanged [137, 139, 140].
Overmann et al [141] investigated wheth-
er low levels of DHEA/DHEAS play a
role in SLE-induced fatigue and com-
pared:

1) DHEAS levels and fatigue in 60 fe-
male patients with SLE of low activity
(31 used prednisolone, 29 did not) com-
pared to 60 age-adjusted healthy female
subjects and

2) Fatigue-levels of female SLE-patients
with low or normal DHEAS levels.

Since the authors showed, that the DHEA
treatment did not result in a decrease in
fatigue symptoms, low DHEA(S) levels
alone cannot explain fatigue in SLE pa-
tients. Treatment with 200 mg DHEA
per day in 13 premenopausal patients
with SLE and pre-clinical signs of ar-
teriosclerosis did not result in an im-
provement of symptoms [142].

DHEA and Lupus erythematosus — Sum-

mary
There are several signs that DHEA treat-

ment has a short-term benefit in patients
with systemic Lupus erythematosus but
there is almost no evidence for the effica-
cy and safety of a long-term treatment
[143].

® Physical Strength

Muscle Development

Several studies revealed a positive effect
of DHEA on muscle development in
higher ages of life.

Nair [90] investigated 57 females and 87
males with low DHEAS levels for 24
months in a placebo controlled, random-
ized double blind study. Neither DHEA-
nor a low dose testosterone-substitution
showed a pathophysiologically relevant
advantage on body composition, physi-
cal capability, insulin resistance or the
quality of life in elderly participants.
DHEA improved the gain of muscular
mass and strength due to heavy weight
training in elderly [144]. There was no
change in BMI in a placebo controlled
study with 50 mg DHEA over a six-
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month treatment period observed [145].
A study by Igwebuike et al [123] showed
a positive effect on the body composition
due to combined endurance- and weight
training.As shown by a placebo con-
trolled, randomized pilot study, DHEA
supplementation increased the serum an-
drogen level in postmenopausal women
without considerable effects on muscle
cross-section area, strength, muscle
function or health related quality of life
[91].

Physical Strength and DHEA — Summary
— Physical strength is of importance for

the mobility and coordination of
movements and therefore enables au-
to-mobility without assistance in the
elderly.

— The available data on the effects of
DHEA on strength in elderly people
are insufficient [146].

— In a placebo controlled study among
middle-aged men, there was no statis-
tically significant effect of DHEA on
body mass, strength or testosterone
levels observed [147]. In addition, a
large study with 100 participants
showed no effect of DHEA on strength
in a group of elderly [148].

— There is a single small study support-
ing the thesis that DHEA results in an
increase of free (but not total) testos-
terone [149].

— DHEA did not show a significant ef-
fect on strengths in postmenopausal
women as shown in a randomized,
placebo controlled study, investigat-
ing the effect of a combined program
endurance- and weight training [123,
150].

DHEA and Athletes

Hahner and Allolio [151] provided the

following statement on the restriction of

the use of DHEA by athletes:

— Oral intake of DHEA results in a dose
dependent increase if circulating an-
drogens that might reach supra-physi-
ological concentrations in women.
The World Anti-Doping Agency
(WADA) listed DHEA as prohibited
substance.

— However, there is no evidence of per-
formance-enhancing effects of DHEA
yet. Randomized studies in elderly
patients with age dependent decrease
of DHEA levels revealed only limited
or no evidence for an improvement of
physical performance after long-term
intake (50 mg/day). Smaller short-

term studies in healthy male athletes
investigating higher doses were com-
pletely negative. Therefore, the sup-
posed performance-enhancing activi-
ty of DHEA is more myth than reality.

— Due to the lack of studies in female
athletes, a potentially performance-
enhancing effect of high-dose DHEA
cannot be ruled out in this population.
Adverse effects, like hirsutism, acne
and alopecia must be taken into ac-
count then.

m Osteoporosis

It is estimated that currently 200 million
people suffer from osteoporosis world-
wide. Approximately 30% of all women
in the U.S. and Europe have osteoporosis
after menopause at least. In minimum,
40% of these women and 30% of men
will suffer from one or more bone frac-
tures during their lifetime. The over age-
ing society worldwide is considered to
be the main reason for osteoporosis in
postmenopausal women (International
Osteoporosis Foundation 2014, http:/
www.iofbonehealth.org/epidemiology).
Due to its conversion into testosterone
and its partial estrogenic-activity, it is
supposed that DHEA might be beneficial
in women with osteoporosis. However,
this has not been verified yet.

Von Muhlen [95] treated healthy elderly
adults with 50 mg DHEA per day for a
period of one year. He reported a moder-
ate effect on BMD and bone resorption.
This effect could not be shown in men.
An improved BMD in the hip joint
region in elderly and in the vertebral
column in elderly women was observed
after one year DHEA (50 mg/day) treat-
ment in a randomized, double blind,
controlled study [152]. A minor loss of
bone quantity in the area of the femoral
neck and the lumbar column was ob-
served after DHEA treatment Ghebre et
al [153].

The group of Papierska et al [154] was
able to show a beneficial role of DHEA
substitution in the treatment of steroid-
induced osteoporosis. Bloch et al [155]
reported a positive effect of DHEA (100
mg/day) on the mood and BMI com-
pared to placebo in a double blind, ran-
domized study over a six-month treat-
ment period in outpatient patients with
anorexia nervosa. DiVasta et al [156]
found a positive effect on the surrogate
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parameters for bone stability and not on
bone density only in a randomized, pla-
cebo controlled study in young women.

DHEA and Osteoporosis — Summary
Estrogens: A primary or secondary pre-

vention of osteoporosis and bone frac-
tures in peri- and postmenopause is pos-
sible by estrogentherapy as a second line
treatment.

DHEA: DHEA treatment might be ben-
eficial in distinct groups (e. g. women
with estrogen-deficiency, patients with
anorexia nervosa) or in the treatment of
steroid-induced osteoporosis.

B Sexuality

There are several forms of sexual dys-
function in women. Among others, there
is lack of sexual urge, impairment of sex-
ual arousal, inability to achieve an or-
gasm or pain during sexual activities.
Sexual dysfunction can be a lifetime
problem or occur de novo later in life af-
ter a period of normal sexual function
(UpToDate 2014, http://www.uptodate.

com/contents/sexual-dysfunction-in-
women-management).

The prevalence of sexual dysfunction in
women shows a high variance of 9-43%
as shown in a few population-based stud-
ies (review by Nijland et al [157]). The
analysis of 25 double blind, randomized
and controlled studies (up to the year
2005) that investigated the effect of phar-
maceutical intervention on female sexual
function showed that approximately
40% of women in the U.S. stated to have
sexual dysfunctions. 12% of the women
rated the sexual dysfunction as incrimi-
nating [158].

Incriminating sexual dysfunctions (de-
fined as stated to have a sexual dysfunc-
tion as well as a personal burden due to
the sexual dysfunction) were reported in
12% of those polled and occurred more
frequently in women aged 45-64 years
(14.8%) compared to younger women
(10.8%) or elderly (8.9%) [158]. The
sexual function in women has remark-
ably subsided with the age of 60 years. A
minority of these women experience the
decreased sexual function as significant-
ly incriminating. The burden due to sex-
ual dysfunctions is often associated with
depression and problems in the relation-
ship [159].
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In case the lack of sexual desire is caused
by personal problems, it is referred to as
hypoactive  sexual desire disorder
(HSDD) which occurs in 7-26% of
women living in a residential community
[160]. It occurs more frequent in post-
menopausal women with impaired health
status and decreased health related qual-
ity of life [161]. Women who experi-
enced surgical menopause also have an
increased risk for developing HSDD.
HSDD is put in association with a low-
ered satisfaction in sexual relationships
and a negative emotional self-picture
[162].

Factors of relationship were more impor-
tant for a lack of sexual desire than age
or menopausal status whereas physiolog-
ical and psychological factors were more
important than relationship factors in
case of insufficient genital arousal and
the ability to experience an orgasm
[163]. Normal sexual function during
peri- and postmenopause depend also on
distinct anatomical premises (e.g. no
vaginal dryness, infections, pain during
sexual intercourse) and a general well-
being with absence of stress factors. The
female libido is to be considered a multi-
factorial complex, including erotic fanta-
sies, sexual arousal and the ability to ex-
perience an orgasm in association with
the sexual partner. An emotional rela-
tionship is the prerequisite for the latter
factor.

The interrelation between age dependent
DHEA- and testosterone serum levels
and sexuality as well as the clinical rele-
vance of DHEA substitution on sexuality
is discussed in the following section.

Pathophysiological Changes
during Peri- and Postmeno-
pause and Female Sexuality
Knowledge about the importance of sex
hormones, estrogens and androgens, in
the context of the normal sexual function
in women are limited and object of fur-
ther investigations. The shift of steroid
hormones during postmenopause is sum-
marized by the workgroup of Panjari and
Davis [78].

— Estrogen deficiency: In a majority of
women, lack of estrogen results in va-
somotor symptoms and vaginal atro-
phy during the peri-menopause. Cog-
nitive changes and mood changes due
to hot flushes, attacks of sweating and

sleep disorders might occur in some
women [164]. This results in a nega-
tive impact on the quality of life and
has impact on the sexual function in
many cases. The decreased formation
of estrogen in the ovaries results in
changes in the vaginal milieu in post-
menopausal women [165]. A vaginal
atrophy can result in dyspareunia,
which again has a negative impact on
the sexual function [166].

Female sexual function decreases with
the naturally occurring menopause. This
decrease is also caused by decreased lev-
els of estrogens and androgens in the
blood [164].

— Androgens: Testosterone is formed in
the ovaries and, to a lower extent, in
the adrenal glands from its precursor
DHEA/DHEAS in fertile women
[20]. The cyclic increases in andro-
gens do not occur after the menopause
anymore [167] and androgens are
only formed in the adrenal glands
[168], which becomes the major
source for DHEA/S and testosterone.
By aromatization in the subcutaneous
fat tissue, estrogen can be formed
from the steroid precursors DHEA
and DHEAS.

DHEA as neuro-steroid in the brain: Be-
sides its function as precursor for the ste-
roid synthesis, DHEA also serves as neu-
ro-steroid in the brain and might there-
fore have a positive impact on sexuality
[169].

Androgen-Serum Levels and
Sexuality

Androgens play a role in the normal sex-
ual function in women. Serum androgen-
levels decrease with increasing age
[170]. Thus, it could be biologically
plausible that the female sexual function
decreases due to this drop of androgen
levels. A naturally occurring menopause
does not result in a sudden drop of serum
androgen concentrations but elderly
women have lower levels of androgen
compared to younger ones [171].

— Testosterone: Observational studies
revealed that sexual dysfunctions in-
crease with age [158, 172]. A cross-
sectional study in 1,423 Australian
women who provided information on
their sexual function revealed no sig-
nificant correlation between low tes-



tosterone levels (free or total) and an-
drostenedione with the sexual func-
tion [173].

— DHEAS: There is a coherence be-
tween low DHEAS levels in serum
and low sexual function, although
women with low DHEAS levels stat-
ed not to have a lowered sexual func-
tion. There are indications that a tes-
tosterone substitution is highly effec-
tive in treatment of lowered sexual
function [79, 80-82, 174, 175]. How-
ever, since it was not possible to proof
that DHEAS serum levels (or testos-
terone) are predictive markers for a
lowered sexual function and consider-
ing the fact that it was also not possi-
ble to define a serum androgen level
that characterizes a female androgen
deficiency; DHEA treatment to im-
prove sexual function cannot be rec-
ommended. This has to be proven in
well-designed clinical studies before
giving any recommendations.

Therapeutic Approach

Despite indications that impaired sexual-

ity in ageing societies is an issue of clini-

cal relevance, there are only limited ther-
apeutic options:

— Estrogens: Estrogens play an impor-
tant role in normal female sexuality.
An estrogen therapy can improve the
sexual function by alleviating from
postmenopausal vaginal atrophy and
vasomotor symptoms [176—179].

— Testosterone: There is a direct corre-
lation between transdermal testoster-
one supplementation and several pa-
rameters of female sexuality. A devel-
oped and marketed testosterone patch
(trade name: Intrinsa) was taken off
market. A low dose testosterone gel,
micronized testosterone in liposomal
formulation for women, 3 mg/puff in
a 100 g dispenser can be used off-la-
bel in Germany. One puff is applied
daily on the calf. The testosterone lev-
el is checked (IGEL) after six and 12
weeks with subsequent dose adjust-
ment [Schwenkhagen and Schauding
2013, personal communication]. A
combined androgen-/estrogen substi-
tution was approved from health au-
thorities in the U.S.A.

DHEA Substitution and
Sexuality

Animal experiments — DHEA in rats: In-
travaginal treatment with DHEA in rats
results in a strong stimulation of forma-

Dehydroepiandrosterone (DHEA) and its Sulfate
1

tion of intravaginal nerve fibres. This
might be an explanation for the positive
effects of intravaginal DHEA supple-
mentation on sexual dysfunction in
women after the menopause [180]. Nine
randomized studies, investigating the
impact of oral DHEA treatment on the
improvement of female sexual function
in healthy, post-menopausal women
were analysed in a meta-analysis by Pan-
jari and Davis [78], Baulieu et al [181],
Mortola and Yen [118], Morales et al
[45], Wolf et al [83], Hackbert and Hei-
man [182], Schmidt et al [87], Donna
[88] and Panjari et al [89].

Some of the studies showed positive ef-
fects of DHEA on the female sexual
function [87, 181, 182]. However, this
could not be confirmed by other studies
[45, 83, 88, 89, 118]. In two of the three
studies which showed a therapeutic ben-
efit, DHEA was applied in supra-physio-
logical doses with a short treatment du-
ration [87, 182]. A third study in elderly
women applied a non-validated investi-
gation on sexual function which was cor-
rectly interpreted by 25% of the subjects
only [181].

The first studies that failed to show a
positive effect of DHEA were unrepre-
sentative due to limited sample sizes [45,
118], the short therapy [83, 118], the use
of non-validated investigations [83, 118]
and treatment with un-physiologically
high doses of DHEA ([118] according to
[78]).

Some studies are described in more de-

tail in the following section:

— DHEAge-study: A double blind, pla-
cebo controlled study over a 12 months
period with a daily application of
50 mg DHEA in 208 healthy males
and females (age 60-79 years) result-
ed in an increase in the libido and an
improvement of the numerous para-
meters of complexion in elderly wom-
en [181].

— DHEA at doses of at least 100 mg per
day can be effective for treatment of
women with decreased sexual desire
(HSDD) [155].

— Three different treatment schemes (10
mg DHEA daily per oral, a hormone
replacement therapy or treatment with
Tibolon) improved the sexual func-
tion significantly and resulted in in-
creased frequencies of sexual inter-
courses in women in early menopause

compared to women, treated with vi-
tamin D [183].

— Intravaginal DHEA for a period of
twelve weeks was investigated in a
randomized study in post-menopausal
women with vaginal atrophy [62,
184]. The treatment resulted in an im-
provement of the vaginal atrophy with
a minimum change of serum steroids
which were within normal ranges for
post-menopausal women [62, 63].
Positive effects of intravaginal DHEA
treatment on four partial aspects of fe-
male sexuality, namely lust, arousal,
orgasm and pain during sexual activi-
ty were reported [184]. Unfortunately,
the number of women in the different
treatment arms was low and the au-
thors missed to report how many
women completed the different treat-
ment arms.

DHEA and Sexuality — Summary
— Sexuality in elderly is generally un-

der-estimated.

— Sexual desire is individually different,
due to high mortality in men and lack
of potential partners.

— In case an elderly woman is request-
ing medical assistance due to sexual
problems, low-risk therapies shall be
offered.

— General well-being: Estrogen-substi-
tution (in case of uterus preservation
in combination with gestagen) or Ti-
bolon in patients with vasomotor
symptoms.

— Vaginal health: Treatment of vaginal
atrophy, vaginal dryness and dyspa-
reunia by oral (in case of uterus pres-
ervation in combination with gestagen
if indicated) or local estrogen admin-
istration, Tibolon or oral administra-
tion of a new SERMS — Ospemifen —
“see vaginal health”.

— Testosterone improved sexual
thoughts, desire, arousal and the capa-
bility to experience an orgasm in
women in a dose dependent manner.

— DHEA: The efficacy in treatment of
limited sexual function in women is
not sufficiently proven since no
change in total testosterone levels
only limited increases in free testos-
terone were observed. It cannot be ex-
cluded that DHEA might show activ-
ity by its effects on estrogen in the
genital area or as neurosteroid in the
CNS. However, there is a lack of
large-scale randomized studies inves-
tigating these objectives.
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¥ Vaginal Atrophy

Vaginal atrophy and dryness are common
symptoms of estrogen deficiency during
the menopause. Frequent results are dys-
pareunia and sexual function disorders
[166]. More than 50% of post-menopaus-
al women suffer from vaginal dryness and
frequent vaginal infections. Those uro-
genital disorders result in a decreased fre-
quency of all forms of sexual behaviour.

Further urogenital disorders correlated
with increasing age in women are irrita-
tions and sensation of pressure, fluor and
infections, vulvo-vaginal pruritus, post-
coital bleedings, pollacisuria, urinary in-
continence and recurring urinary tract in-
fections [185].

Therapeutic Options

— Estrogens: Oral, vaginal: estradiol or
estriol. Efficacy and long-term safety
of low dowse estradiol and estriol are
well established. Local vaginal estro-
gen therapy requires an application
for 2-3 times per week instead of dai-
ly hormone administration.

— SERM: A new SERM (Ospemifen,
60 mg/day, oral) was approved for
treatment of dyspareunia by the FDA
in the USA. The marketing authoriza-
tion holder expects an approval
in Europe as therapeutic option for the
treatment of vaginal dryness in post-
menopausal women within this year.

— DHEA: DHEA is absorbed and local-
ly metabolized in androgens and es-
trogens if applied vaginally. There is a
rapid onset of relief of all symptoms
of vaginal atrophy. This therapeutic
approach is free of concerns of sys-
temic side effects compared to an es-
trogen treatment. Intra-vaginal treat-
ment with DHEA represents a new
physiologic form of a local androgen-
therapy.

Animal Experiments in Rats

Berger et al [64] investigated the efficacy
of an intravaginal administration of
DHEA in daily doses of 0.33, 0.66 or
1 mg for a treatment period of two weeks
in ovarectomized rats. They showed that
a local vaginal therapy with DHAE has a
positive effect on the vaginal epithelia
without significant systemic side effects.

Clinical Studies
Intravaginal administration of DHEA for
the treatment of symptoms caused by
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vaginal atrophy were investigated by
Labrie et al [62, 63] in the context of a
prospective, randomized, double blind,
placebo controlled phase III study in 216
post-menopausal women. Depending on
the treatment arm, DHEA was applied as
vaginal-ovular (1.3 ml) (0, 0.25, 0.5 and
1.0%) daily for a period of twelve weeks.
The treatment resulted in an improve-
ment of vaginal atrophy with a minimum
change of serum steroids, which were
within normal ranges for post-meno-
pausal women.

Panjari and Davis [61] speculate that
vaginal application of DHEA in post-
menopausal women can be justified for
the treatment of vaginal atrophy. Howev-
er, large-scale, randomized, placebo con-
trolled studies are required. In this con-
text, the effect of vaginal DHEA on the
female sexual function in women with-
out vaginal atrophy shall be investigated.
By assessing potential advantages of a
vaginal DHEA treatment compared to an
estrogen therapy it must be taken into ac-
count that daily, topic intravaginal ap-
plication of an ovulum or a cream is re-
quired.

DHEA and Vaginal Atrophy — Summary
— Prevalence: More than 50% of post-

menopausal women suffer from vagi-
nal dryness and frequently occurring
inflammations of the vagina.

— Treatment options are estrogens (es-
triol, estradiol) as well as the recently
marketed SERM Ospemifen (60 mg/
day oral) which already received mar-
keting approval for treatment of dys-
pareunia in the USA. The European
approval for the treatment of vaginal
dryness is pending.

— DHEA: The intra-vaginal application
of DHEA in post-menopausal women
with vaginal atrophy is a promising
approach for the treatment of vaginal
atrophy and the impaired sexual func-
tion resulting thereof. Further effects
of DHEA on lust, arousal, orgasm and
pain during sexual activity, as well as
the above mentioned effect on vaginal
atrophy requires further investigation
in large-scale, placebo controlled,
randomized clinical studies.

® Hormonal Contraception
with DHEA Additives

Androgen restored contraception (ARC)
was a novel concept for a combined oral

contraceptive (COC) invented by Pantar-
hei Bioscience, a Dutch pharma compa-
ny. The first clinical studies started ten
years ago. The ARC “triple hormone”
concept, combining an estrogen (E), a
gestagen (P) and an androgen (A) in a
COC was patented for oral contraception
by Pantarhei Bioscience. Moreover, Pan-
tarhei licenced in a patent held by Bio-
Sante, USA, covering the general use of
E, P and A in combinations.

Drop of Testosterone Levels
due to combined Hormonal
Contraceptives

The concept is based on the fact that the
use of combined oral contraceptives
(COC) results in a decrease in androgen
levels, particularly testosterone (T) by in-
hibition of androgen synthesis in the ova-
ries. According to the literature, testoster-
one levels drop for up to 50%. However,
the large-scale, prospective studies con-
ducted by Pantarhei showed that the de-
crease in testosterone levels was much
more severe. Foidart from Belgium con-
ducted a phase II study investigating the
safety and endocrinology in 99 first time
users in cooperation with Pantarhei Bio-
science. The study revealed a significant
mean decrease from 1.5 to 0.5 mmol/l of
total testosterone and from 20 to 2 pmol/l
of free testosterone after three cycles of
COC. This study was published in 2010
at the COGI conference in Berlin.

Since the naturally occurring human an-
drogen DHEA is metabolized partly to
testosterone, the testosterone levels can
be restored by concomitant administra-
tion of DHEA during COC.

Clinical Studies

The studies conducted by Pantarhei
showed, that a daily dose of 59 mg
DHEA normalizes the testosterone lev-
els without exceeding the maximum tes-
tosterone levels of women who do not
take COC. Besides the normalization of
the testosterone level, adding DHEA to
the pill resulted in a significant clinical
improvement of the mood and sexual
function in non-selected COC-users [Co-
elingh Bennik, personal communication,
2011].

— Phase II study: The first results of a
clinical phase II study, investigating
the ARC concept with focus on sexual
function and safety were reported in
May 2011 during the 11™ congress of



the European Society of Contracep-
tion in Den Haag/The Netherlands.
This crossover study investigated two
treatment cycles of 5 months each and
compared an oral contraceptive alone
or in combination with 50 mg DHEA
daily in 82 women. The study was
conducted by van Lunsen and Laan
from the department of sexual scienc-
es of the Academic Medical Centre in
Amsterdam, The Netherlands in close
collaboration with Bennink and Zim-
merman from Pantarhei Bioscience.
The sexual excitability, genital sensa-
tion and lubrication was significantly
improved in OC-users without specif-
ic sexual dysfunctions. The frequency
of sexual activities was doubled and
the rejection of sexual activity by the
partners was significantly reduced.
The Liittich-study showed a signifi-
cant improvement of mood as assessed
by the use of validated questionnaires
during the six-month DHEA treatment
period [Coelingh Bennink, personal
communication 2011].

Studies in women with severe mood-
changes or sexual dysfunction: There
was no effect observed in two small,
so-called “n = 1 studies” in women
with severe mood-changes or sexual
dysfunction. The addition of DHEA
to COC caused no side effects and had
no influence on the frequency of hir-
sutism during the 10, respectively 12
months treatment periods in the stud-
ies of Amsterdam and Liittich. The in-
cidence of acne was equal compared
to the incidence in non-users [Coe-
lingh Bennink, personal communica-
tion 2011].

According to the Bayer business re-
port 2008 (http://www.bayer.com/en/
gb-2008-en.pdfx), Bayer Healthcare
conducted a safety and efficacy Phase
II study, investigating oral dehydro-
epiandrosterone (100 mg) concomi-
tant to oral contraceptives in women
with reduced libido. Purpose of the
study was to investigate the efficacy
of the study medication on the libido
of women which apply oral contra-
ceptives and who have experienced li-
bido reductions as side effect of con-
traception. However, the results of the
study are not published.

Heijboer et al [186] investigated the
methods of testosterone measurement
under oral hormonal contraception,
which cause a decrease of free testos-
terone and pointed out the advantages

Dehydroepiandrosterone (DHEA) and its Sulfate

and disadvantages of the different
methods.

DHEA and Contraception — Summary
— DHEA is a weak androgen, produced

in the adrenal glands. As steroid-pre-
cursor, it facilitates the synthesis of
the stronger androgen-acting testos-
terone and the synthesis of estrogen
by aromatization.

— The doses of DHEA applied in studies
that investigated the combination with
a contraceptive compared to the off-
label use of DHEA was relatively
high. In most countries, DHEA sup-
plements are sold OTC for use in post
menopause (10-25 mg/day)

— A preclinical study of a COC and con-
comitant DHEA administration (100
mg/day) has already been performed
(Bayer Health-Care, http://clinicaltri-
als.gov/ct2/show/NCT00566384.The
applied dose of 100 mg per day in fer-
tile women and is un-physiologically
high potential and unwanted long-
term effects cannot be ruled out ac-
cording to the authors.

— Women with spontaneous menstrua-
tion cycles produce testosterone in a
cycle dependent manner whereas the
testosterone production in women un-
der hormonal contraception (COC) is
suppressed.

— The normalization of testosterone
production under COC treatment by
50 mg DHEA per day significantly
improves the mood and sexual func-
tion.

— The question of an increased risk for
developing breast cancer is not finally
solved, especially since some studies
reported an increased, some studies
no change and some studies a de-
creased risk.

— The dose of 50 mg DHEA per day is
higher compared to doses tested in
HRT studies (10-25 mg/day) but does
not seem to result in clinically rele-
vant side effects according to the lit-
erature.

— Since the restoration of testosterone
levels by DHEA, which were sup-
pressed by COC in selected users did
not result in obvious complaints, ARC
developed a first-choice concept for
healthy women but not for women
with severe psychological and sexual
disorders as shown in studies con-
ducted by Bayer Healthcare and Pan-
tarhei [Coelingh Bennink, personal
communication 2012].

B Anti-ageing Effects

Estrogen- and androgen levels decrease
with increasing age in post-menopausal
women [187].

DHEA and DHEAS drop continuously
with increasing age [16, 23], so that the
DHEA production is decreased by 60%
with the menopause [188]. In the 8th or
9th decade of life, only 10-20% of the
maximum amount of DHEA as produced
in the age of 20-30 years are produced
only Baulieu [7], Migeon et al [188],
Orentreich et al [14], Labrie et al [16],
Davidson et al [17] (Fig. 4).

The decrease of DHEA as major source
of androgens in women results in a de-
crease of total androgen levels. Limited
well-being, menopausal complaints and
loss of libido are consequences thereof
[189]. Impaired insulin resistance, obesi-
ty and cardiovascular disease might oc-
cur additionally [181].

A “female androgen insufficiency syn-
drome” due to low androgen levels and a
worsening of mood, general well-being
as well as motivation was described by
Bachmann et al [190] without reporting
a clear definition of boundary values of
androgens used for diagnosis.

A rapid decline of DHEA- (DHEAS, re-

spectively) concentrations in the blood

occurs during the normal ageing process,

potentially resulting in clinical symp-

toms of adrenopause [46, 191, 192]:

— Chronic fatigue, loss of physical and
mental capabilities

— Immuno-defects

— Insufficient stress resistance

— Gain of weight (in particular visceral-
and subcutaneous fat tissue)

— Dryness of skin, decrease of body
hair, skin atrophy

— Muscle atrophy

— Arthrosis and osteoporosis

— Sweating, sleep disorders and a ten-
dency to develop depression in men

Animal experiments showed positive ef-
fects of DHEA against the development
of diabetes, atherosclerosis, osteoporo-
sis, cancer and the decrease of immune
function [193]. Pugh et al [194] investi-
gated the incidence of the most common
carcinoma (plasma-cell tumor) which
was higher in calorie-restricted held
mice (66%) compared to mice held un-
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der normal diet (41%). Treatment with
DHEA did not result in an in- or de-
crease of the cancer incidence or a pro-
longation of life [194]. However, the low
doses of DHEA in laboratory animals
and the clear role of DHEA in humans
raise doubts on the results of the animal
studies.

In very old, healthy people of both sexes
aged 90-106 years, DHEAS seems to
clearly influence the activities as ob-
served by the workgroup of Ravaglia et
al [195].

DHEA and Anti-ageing — Summary
— Alack of estrogens and androgens oc-

curs during natural ageing in the post-
menopause.

— There is not sufficient evidence for
the efficacy of DHEA as anti-ageing
drug.

¥ Wound Healing

Animal experiments demonstrated that
exogenous DHEAS has positive effects
in wound healing disturbances. The data
indicate that DHEAS could be used for
prophylaxis of impaired wound healing.
Additional clinical studies are demanded
[196].

¥ Reproductive Medicine

Since the year 2000, attempts of addi-
tional treatment of women with distinct
forms of infertility with gonadotropins
and DHEA are undertaken in the context
of reproductive medicine [197]. DHEA
administration in “poor responders” was
described by Arlt [198]. Elder studies
showed an improved quantity and quali-
ty of oocytes with a decrease of aneu-
ploidy and rates of spontaneous abor-
tions [199].

Some questions on DHEA treatment of

women wishing to become pregnant with

special indication are discussed in the
following. Here, three questions are of
special interest:

1. Is DHEA a surveillance marker of hu-
man fertility and the monitoring of the
menstrual cycle in the context of ovar-
ian hyper-stimulation by ART?

2. Can ART results be influenced by
DHEA?

3. What is the influence of DHEA in the
course of premature ovarian failure
(POF)?

334 J Reproduktionsmed Endokrinol_Online 2015; 12 (4)

Mode of action: DHEA is a precursor of
the androgen- and estrogen synthesis.
Both groups of steroids have a role in the
maturation of follicles, the ovulation and
the luteal phase. DHEA is converted to
androstenedione and estrone, the source
of testosterone and estradiol, in the folli-
cle [200].

DHEA in Patients wishing to
become pregnant

DHEA is a predictive serum marker
in IVF-patients: There are only limited
data, which only show a predictive
value for testosterone but not for
DHEA.

Definition

Patients showing limited response to go-
nadotropin stimulation in the context of
assisted reproduction.

Meta-Analysis
Diminished ovarian reserve: Narkwiche-

an et al [201] investigated the effect of
DHEA in women with diminished ovar-
ian reserve in a meta-analysis. Of 22
studies, only three could be taken into
consideration for the analysis. There was
no significant difference in the rate of
clinical pregnancy and the frequency of
abortions in women that were pre-treated
with DHEA compared to not pre-treated
women (RR 1.87, 95.%-CI: 0.96-3.64
and RR 0.59, 95-%-CI: 0.21-1.65, re-
spectively). The quantity of oocytes ob-
tained (WMD -1.88, 95-%-CI: —2.08-
1.67; p < 0.001) was significantly lower
in the DHEA group. In total, there were
only 200 IVF cycles, which was not suf-
ficient to show a positive effect of DHEA
in the context of controlled stimulation
during IVF. Randomized, controlled
studies are needed to obtain useful re-
sults on the efficacy of DHEA in poor re-
sponder patients with diminished ovari-
an reserve.

Mode of action of DHEA in ART

The improvement of IVF treatment re-
sults is not due to recruitment of more
pre-antral or small antral follicles or due
to a change of AMH and inhibin B lev-
els; The potential mechanism is a reduc-
tion of atresia of very small antral folli-
cles and an increased AFC [201]. This is
also supported by in vivo investigations
on follicular genesis in sheep [202],
where an increased rate of follicles in an-
tral stage were found after DHEA ad-
ministration.

Premature ovarian insufficiency (POI)
Treatment with DHEA (30 mg/day for a

period of 3 months) resulted in a signifi-
cant decrease of thyroperoxidase anti-
bodies (median 85.0 IU/ml, range 41—
600 IU/ml vs median 51.0 IU/ml, Range
20-589 IU/ml) in POI patients (n = 67)
with increased thyroid antibodies due to
Hashimoto’s thyroiditis. Thyroglobulin
antibodies remained unchanged [203].

Mamas and Mamas [204] investigated
the biochemical changes due to DHEA
administration in five women aged 35—
40 years with premature ovarian insuffi-
ciency. AMH, inhibin B and AFC were
not measured. The mean FSH-level was
45 mU/ml in this group. A drop of FSH
and an increase of estradiol was observed
in many cases.

In this short summary, only few studies
on DHEA and reproduction were identi-
fied. Therefore, the use of DHEA in pa-
tients wishing to become pregnant, espe-
cially in women who poorly respond to
IVF stimulation, women with down-
scaled ovarian reserve (DOR), patients
with premature ovarian ageing and insuf-
ficiency is not justified.

Although some authors observed favour-
able effects in their studies, available
data on the efficacy of DHEA in ART do
not justify its usage.

® DHEA and Drug-Drug In-
teractions

Interaction is possible with several drugs.

Tamoxifene: DHEA should not be used
in combination with tamoxifene since it
triggers tamoxifene-resistance [205].

Oral Contraceptives: DHEA in combi-
nation with oral contraceptives does not
influence the pharmacokinetic properties
of EE and drospirenone. Therefore, it is
unlikely that the contraceptive efficacy
might be impaired [206].

Hormone replacement therapy: Con-
comitant intake of DHEA in patients un-
dergoing HRT might result in increased
rates of side effects of estrogen.

Patient information: The patient shall
inform the treating physician about all
food supplements, herbs, homeopathic
drugs etc. she is taking [205].
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Side Effects

As DHEA is a hormone precursor, there
are sporadic reports on potential side ef-
fects of DHEA which might be caused
by DHEA-metabolites [207, 208].

Very low doses of DHEA (10-50 mg/
day)

Rommler [56] reported a very good tol-
erability in dose ranges of 10-25 mg/day
in women and 25-50 mg/day in men; it
is of importance to assure the purity of
the drug.

Low doses of DHEA (50 mg/day)

51 patients (30 females, 21 males) with
panhypopituitarism were observed in a
double blind, placebo controlled long-
term study. They received treatment with
50 mg DHEA/day concomitant to a GH-
therapy for a period of twelve months.
The results revealed that the rate and in-
tensity of side effects were low in fe-
males. No were observed in men [209].
Another randomized, double blind pla-
cebo controlled study (DHEA n = 29;
control n = 27; elderly females and
males) over a period of ten months re-
vealed no severe adverse events of
DHEA treatment (50 mg/day) [144].
Other studies reported acne, cardiac ar-
rhythmia, hepatic problems, alopecia
and oily skin as side effects. An influ-
enced blood glucose regulation was also
reported [205].

Average doses of DHEA (100 mg/day)

There are no data available.

Higher doses of DHEA (200 mg/day)

Mild androgenetic adverse reactions
were reported at a daily dose of 200 mg
DHEA for a treatment period of 24
weeks [210].

High doses of DHEA (up to 400 mg/day)
Another study investigating DHEA in

doses of up to 400 mg/day for a period of
8 weeks revealed only few adverse reac-
tions [211].

However, aggressiveness, fractiousness,
sleep disorders, hirsutism as well as in-
creased growth of body and facial hair
might occur in females due to treatment
with high doses of oral DHEA [205].

— Mortality: [50, 109]

— Results of clinical studies on this top-
ic are ambiguous with the majority of
data indicating a reverse correlation

between DHEA/DHEAS concentra-
tions and cardiovascular mortality in
men but not in women [111].

— Long-term side effects are unknown:
DHEA is naturally formed in the hu-
man body; long-term side effects of
exogenous administration are largely
unknown [205, 207].

® Health Concerns

Cardiovascular Diseases
Some studies indicate that DHEA substi-
tution might increase the risk for cardiac
diseases, diabetes and stroke [207] since,
for example, DHEA lowers the HDL-
cholesterol concentration [205].

Cancer

Endometrial Safety
Cutaneous application of DHEA (10%

DHEA cream) for a period of twelve
months in postmenopausal women
showed an estrogenic effect on the vagi-
na without effects on the atrophic endo-
metrium [212]. No increase in thickness
of the endometrium was observed in a
study investigating oral DHEA at doses
of 25 mg/day for a period of six months
[213] and 50 mg/day for a period of
twelve months [214]. No significant
changes of the endometrium compared
to placebo were observed in a ran-
domized, double blind, placebo con-
trolled study in post-menopausal women
(n = 93) receiving 50 mg DHEA per day
[89]. The frequencies of breakthrough
bleedings were not different also.

Breast Cancer

Some workgroups assume that DHEA
substitution increases the risk for devel-
oping breast cancer since this is a hor-
mone sensitive type of tumor [207].

Cell lines: Some studies proofed that
DHEA has anti-proliferative as well as
pro-apoptotic effects on cancer cell lines
[216-218]. The clinical relevance of
these findings is unknown.

Insulin like growth factor: As shown in
a pooled analysis, the insulin like growth
factor (IGF-1) correlates positively with
the risk for breast cancer in pre- and
postmenopausal women [56, 218, 219],
found an increase of IGF-1 under DHEA
administration.

DHEA: Higher levels of DHEA and oth-
er sex steroids are remarkably correlated

with an increased breast cancer risk in
peri- and postmenopausal women [21,
220, 221].

Testosterone: The role of testosterone in
the pathogenesis of breast cancer is con-
troversial (http://www.cancerresearchuk.
org/cancer-info/cancerstats/types/breast/
riskfactors/breast-cancer-risk-factors)
[21, 222, 223].

DHEA: An older epidemiologic study
revealed no consistent correlation be-
tween DHEA and the risk to develop
breast cancer in the pre-menopause. In
contrast to postmenopausal breast can-
cer, a preventive effect of DHEA on the
development of breast cancer in pre-
menopausal women is assumed. This hy-
pothesis is deemed doubtful due to the
limited sample sizes and should be veri-
fied in further studies [224].

Androgen metabolism in the breast:
Women produce two third of the andro-
gen levels that can be found in men, es-
pecially by converting DHEA to andro-
gens in the peripheral tissues. The im-
portance of androgens for several physi-
ologic functions in women, including the
breast is broadly underestimated [187].
The mammary gland has all enzymes re-
quired for the conversion of DHEA and
DHEAS in androgens and estrogens,
whereas androgens are f predominantly
ormed in the breast [187]. Early clinical
studies showed positive effects of andro-
gens on breast cancer comparable to the
observations of other hormone therapies.
A higher number of preclinical and clini-
cal data indicate that the proliferation of
normal breast tissue and breast cancer
tissue depend on the equilibrium be-
tween the stimulating effect of estrogen
and the inhibitory effect of androgens
[187].

A clinical observational study investi-
gated the correlation between physiolog-
ical DHEA levels and the development
of breast cancer for a period of 15 years.
There was no correlation observed
[103].

Ovarian Cancer

A positive effect of high DHEA levels
and the occurrence of ovarian carcino-
mas was described in a study by Helzl-
souer et al [26]. However, the results
could not be confirmed later on. The
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study had severe methodological weak-
nesses.

Prostate Cancer

Some workgroups assume that DHEA
treatment increases the risk to develop a
prostate carcinoma [207]. Enlargement
of the prostate gland might occur in men
with benign prostate hyperplasia under
DHEA treatment [205]. For further in-
formation, refer to specialized literature.

Precautionary Measures
The following recommendations are par-
ticularly valid in the USA:

DHEA should not be used in the follow-
ing circumstances: pregnancy and lacta-
tion period, hormone-dependent diseas-
es, hepatic problems, diabetes mellitus,
depressions or mood disorders, PCOS
syndrome or increased cholesterol levels
[226]. Medical consultation is required
before administration.

Legal Aspects

USA

DHEA is sold legally as food supple-
ment in the USA. It is termed “old di-
etary ingredient” and was offered for
sale before 1994 already. DHEA and
DHEAS are open to the public and sold
over the counter as food supplement
[227]. The use of DHEA during compe-
titions is prohibited. In particular, DHEA
is excluded from the “Anabolic Steroid
Control Act” from 1990 and 2004 [228].

Germany
— Available by prescription in pharma-

cies only

— Potentially free procurement from
foreign online-pharmacies

— Administration in Germany, as so
called “off-label use” by prescription
is financially not covered by health in-
surances.

Sport and Athletics - Doping

DHEA is a prohibited substance according
to the World Anti-Doping Code by the
World Anti-Doping Agency, that is respon-
sible for doping controls during Olympic
Games and other competitions (refer to
the summary by Collomp et al [229].

Clincal Studies

Refer to http://clinicaltrials.gov/ct2/result
sMterm=DHEA &Search=Search;: 154
studies were registered on April 14, 2014.
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Most of the registered studies focus on:
— Response on ovarian stimulation in
the context of assisted reproduction
— Treatment of premature ovarian insuf-
ficiency (POI)

— Women with adrenal gland insuffi-
ciency

— Vasomotor symptoms (hot flushes) in
postmenopausal women

— Vaginal atrophy

— Reduced sexual desire (hypoactive
sexual desire disorder)

— Women after breast cancer

— Anorexia nervosa

— Systemic Lupus erythematosus

— Wound healing

— Depression (major depressive disor-
der)

— Schizophrenic patients

— Polycystic ovarian syndrome (PCOS)

— Contraception and libido

— Epilepsy

— DHEA and SERM (acolbifene): Va-
somotor symptoms (hot flushes)

There is a single study on the use of
7-keto-DHEA treatment to improve
mental health in American veterans
with post-traumatic stress disorders
(PTSD).

Summary
— Several reviews deal with the clinical

relevance of DHEA [13, 74, 90, 230-
235]. DHEA is the most frequent cir-
culating steroid hormone in humans.
90-95% of DHEA is formed in the re-
ticular zone of the adrenal glands. To
a lower extent it is also produced in
the gonads and the brain where DHEA
acts as neurosteroid.

— DHEAS levels in the blood are ap-
proximately 300-times higher in com-
parison to free DHEA levels. The
DHEA peak levels are reached in the
early morning hours whereas DHEAS
is not subject to a circadian rhythm.
Hence, DHEAS is well suitable for
analysis in serum.

— DHEA is a universal precursor for the
formation of androgen and estrogen in
peripheral tissues that hold enzyme
systems like 3f-HSDH for the forma-
tion of androstendione, 17f-hydro-
xysteroid dehydrogenase for the syn-
thesis of testosterone and aromatase
for estrogen-synthesis.

— DHEA/DHEAS levels reach their
maximum between 20-30 years of
age and are about 75% lower in elder-
ly, aged 70 years or older.

— Mode of action:

o DHEA acts predominantly as ste-
roid precursor in the biosynthesis
of androgenic and estrogenic sex
steroids.

© There have been no DHEA/
DHEAS receptors identified yet.

o DHEA and DHEAS bind and
activate several receptors including
ER-o and ER-f, peroxisome-pro-
liferator activated receptors, PXR
(pregnant-X-receptor), AUTO (con-
stitutive androstane receptor) and
beyond that membrane receptors as
neuro-steroids like NMDA recep-
tors (N-methyl-D-aspartate, gluta-
mate) as positive allosteric modu-
lator of the GABA-A receptor and
negative allosteric modulator. For
DHEA effects on the brain refer to
Starka et al [13].

© DHEA/DHEAS has a variety of
dose independent effects like im-
mune-modulation, effects on hae-
mostasis, the lipid- and carbohy-
drate metabolism, bone health and
mental health.

® Pharmacology
Pharmacokinetic of DHEA

— Depending on gender

— Dose dependent 25 mg/day oral [47],
50 mg/day oral [48], 100 mg/day oral
[42], 300 mg/day oral [49]. No further
increase in DHEA or DHEAS con-
centrations, respectively.

— Dependent on the route of application
(oral, transdermal, vaginal)

— Pharmacokinetic after oral intake [49,
53-55, 237] can be summarized as
followed [50]:

o Adsorption: The oral adsorption is
excellent.

o Distribution volume: The distribu-
tion volume is 17.0-38.5 1 for
DHEA and 8.5-9.3 1 for DHEAS.

O Metabolism: DHEA is converted in
DHEAS by sulphation in the intes-
tines and the liver after oral intake.
DHEA and DHEAS can be con-
verted into several biologically ac-
tive metabolites, including andro-
stenedione, testosterone, estrone,
estradiol and estriol.

O The elimination half-life of DHEA
is 15-38 minutes; the half-life of
DHEAS is 7-22 hours.

o Excretion: 51-73% of DHEAS
and its metabolites are renal se-
creted.



Risk Factors

— Androgens: Oral administration of
DHEA can result in a dose dependent
increase in circulating androgens
whereby supra-physiological plasma
levels of androgens were reached by
supra-physiological doses of DHEA
(> 50 mg/day, oral). The results differ
between different studies.

— Estrogens: Oral administration of
DHEA can result in a dose dependent
increase of circulating estrogen.

— Insulin-like growth factor: Oral ad-
ministration of DHEA leads to an in-
crease in IGF levels in serum [42]. In
investigations by Khorram et al [40]
intake of 50 mg DHEA/day (oral) led
to an increase of 20% of serum IGF-1
(p < 0.01) with concomitant decreas-
ing propensity of IGFBP-1 and an in-
crease of 32% of the ratio IGF-1/
IGFBP-1 (p < 0.01).

— Caution: IGF-1 plays an important
role in the pathogenesis of breast-, co-
lon- and prostate cancer.

Medical Compounds

— Oral: There are several international
vendors offering compounds with 10,
20, 50 and 100 mg (off-label in Ger-
many on prescription). Physiological
doses of DHEA when taken orally are
between 20-50 mg for in healthy men
> 40 years males and 10-30 mg for fe-
males [7, 51]. US pharmacists recom-
mend 50-200 mg daily (cvs pharma-
cy; http://health.cvs.com/GetContent.
aspx?token={75979d3-9¢7c-4b16-
af56-3e122a3f19e3&chunkiid=21678
#ref71), despite some studies investi-
gated doses above and below these
ranges.

— Transdermal: There is a 10% DHEA
cream for transdermal administration
available. 3-5 g cream per day are
usually applied resulting in 300-500
mg DHEA applied to the skin

— DHEA-control: regular control ex-
aminations are required during DHEA
treatment. The blood levels should be
in the range of 20-30 nmol/l (5.6-8.6

ng/ml)  (http://www.endmemo.com/
medical/unitconvert/Dehydroepian-

drosterone.php)

— Intravaginal: Refer to Cleveland
Clinic  (http://www.clevelandclinic-

wellness.com/Features/Pages/DHEA -

Suppository.aspx) — 25 mg supposito-
ry for use at night.
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Availability

In the United States DHEA and DHEAS
are available as over the counter food
supplement [227], in Germany DHEA
and DHEAS in oral formulations can be
obtained on prescription only.

Route of Administration

Oral

— Dosing: females initial: (10)-25 mg in
the morning with dose reduction de-
pending on clinical symptoms and
DHEA levels in the blood.

— Side effects: DHEA might cause seb-
orrhoea due to its residual androgenic
effects.

— Dose adjustment is required for long-
term treatments (e.g. 15-25 mg/day
for females and 25-50 mg/day in
males). For important studies, refer to
Rommler [56].

Transdermal
— Refer to the SMPC of the individual
medical compounds

Intravaginal
— Refer to the SMPC of the individual

medical compounds

Adverse effects

— Most of the unwanted effects are mild
and occur due to the androgenic effect
of DHEA. Increased sebum produc-
tion, increased facial hair and changes
in pubic hair might occur in females.
Changes of the voice have not been
observed yet.

Clincal Advantages and Risks
See reviews by Nair et al [90], Raven and
Hinson [231], Allolio et al [232], Traish
et al [233], Goel and Cappola [74], Foua-
ny and Sharara [234], Samaras et al [235]
and Starka et al [13].

No health-advantage detectable

There is no evidence that DHEA treat-
ment can be used to prevent cardiovascu-
lar diseases, cognitive disorders, depres-
sions or for the improvement of well-be-
ing. Most workgroups did not find any
positive effects of DHEA on general
well-being and physical strength. Small
sample sizes and short observational pe-
riods may play a role there.Until now,
there is no evidence that DHEA has pos-
itive effects in patients wishing to be-
come pregnant: premature ovarian insuf-
ficiency reduced ovarian reserve, poor

response to stimulation in the context of
ART.

Potential Health-Advantages
DHEA substitution might play a role in

women with low DHEA levels.

Adrenal Insufficiency
Beside the substitution with gluco- and

mineral corticosteroids, one might con-
sider DHEAS substitution in single cas-
es. Refer to the recommendations by the
German Society of Endocrinology.

DHEA might be beneficial in postmeno-
pausal women undergoing long-term
glucocorticoid therapy.

DHEA has positive effects on bones,
also in women with a lack of estrogen in
fertile ages, as for example in patients
with anorexia nervosa.

Vaginal Atrophy
Local intravaginal treatment with DHEA

results in a rapid relief of symptoms of
vaginal atrophy due to the local andro-
gen and estrogen formation with only
minimal or no changes in serum steroids.
The concentrations are in the same range
as in post-menopause. There are no con-
cerns about systemic side effects, as ob-
served in estrogen therapy. However,
daily local administration is required.
Alternative treatment options, such as
low dose intravaginal estriol treatment or
oral administration of novel SERMs (Os-
pemifen) should be taken into consider-
ation, particularly since these drugs re-
ceived approval in this indication.

Health Hazards

DHEA can be metabolized to testoster-
one as well as estrogen. There are in-
creasing signs of a potential correla-
tion between low DHEA levels and a
cardiovascular risk as well as high
DHEA levels and the risk to develop
breast cancer.

Precautions

— Doping: DHEA is a prohibited sub-
stance according to the World Anti-
Doping Code by the World Anti-Dop-
ing Agency, which conducts doping
tests during the Olympic Games and
other competitions.

— Drug-drug interactions: For example
tamoxifene — concomitant DHEA ad-
ministration might lead to tamoxi-
fene-resistance.
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— DHEA is commonly used as prescrip-
tion-free food supplement or anti-age-
ing drug in the United States. This
does not necessarily mean that the
product is safe since there are no cor-
responding long-term studies.

— Patients must thoroughly be informed
about potential risks and benefits of
DHEA treatment.

— Males: DHEA should not be used by
persons suffering from prostate- or
testicular cancer.

— All patients: Patients who suffer from
a severe disease or hormonal disor-
ders should take DHEA only after
having had competent medical advice
and surveillance.

Future Perspectives

— Oral DHEA treatment might be indi-
cated in distinct clinical indications
as, in single cases, in patients with ad-
renal insufficiency, especially in
women.

— Intravaginal application in cases of
vaginal atrophy is an interesting ther-
apeutic option in this disorder.

— Positive effects of DHEA treatment
on well-being, disturbances of memo-
ry, psychosexual disorders and bone-
health were observed in studies inves-
tigating DHEA in other indications.

Distinct forms of follicle maturation dis-
orders in the context of fertility treatment
must be verified in larger, carefully de-
signed, placebo controlled, double blind,
randomized clinical trials.

Drug safety must also be an objective in
this context, as for all other steroid hor-
mones.

The interest of the pharmaceutical indus-
tries in such studies is limited since there
is only a low probability that a product
can be patented.

— 7-keto-DHEA cannot be converted to
testosterone or estrogen. This is espe-
cially of advantage in women (partic-
ularly in the post menopause) who do
not want to experience testosterone
related side effects like increased fa-
cial hair or acne as observed on higher
doses of DHEA treatment. 7-keto-
DHEA is two and a half times more
potent (on milligram basis) than
DHEA: a daily dose of 12.5 mg is
equivalent to 25 mg DHEA. 7-keto-
DHEA can be effective in low doses
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of 5-10 mg per day and can be ap-
plied under medical surveillance
(Vireplex).

Research has shown a correlation be-
tween low DHEA levels and decreasing
immunoreactions. Hence, effects of
DHEA on diseases like Lupus erythema-
tosus and HIV should be subject of clini-
cal studies.

® Conclusions on DHEA

Mayo Clinic (USA)

The Mayo Clinic in Rochester (USA)
posted a recommendation on DHEA on
their current website that relied on a re-
view by Nair et al [90]: “Neither DHEA
nor low dose testosterone substitution
therapy in elderly have physiological
relevant positive effects on body compo-
sition, physical capability, insulin sensi-
tivity or quality of life.”

Panjari and Davis [78]: “In summary, we
believe that the therapeutic application
of DHEA cannot be recommended for
the majority of postmenopausal women.
[...] Up to date, there are no convincing
evidences from metabolism studies that
oral DHEA treatment can be recom-
mended in anti-ageing therapy”.

Altogether, interpretation of data in the
literature is tough due to insufficient
sample sizes, short study durations and
different study designs. The authors ask
for more controlled and randomized
studies also. Positive effects of intravagi-
nal DHEA application in vaginal atrophy
as potential indication is currently under
discussion.

Further Remarks

Long-term side effects are not known.
Even though the agent is freely available
as food supplement in foreign countries
(as for example the USA), this does not
mean that it is safe from drug safety per-
spectives. Patients who decide to take
DHEA supplements should consider the
following dosing recommendations: 10—
25 mg/day in females and up to 40 mg/
day in males.

2011 State of California Decrees Strong
Warning Labels on DHEA and Pregnen-
olone (extract) (http://www.leginfo.
ca.gov/cgi-bin/displaycode?section=hsc

&group=110001-111000&file=110423-
110423.8): “Not for use by individuals

under the age of 18 years. Do not use if
pregnant or nursing. Consult a physician
or licensed qualified healthcare profes-
sional before using this product if you
have, or have a family history of, breast
cancer, prostate cancer, prostate en-
largement, heart disease, low “good”
cholesterol (HDL), or if you are using
any other dietary supplement, prescrip-
tion drug, or over the-counter drug. Do
not exceed recommended serving. Ex-
ceeding recommended serving may
cause serious adverse health effects.
Possible side effects include acne, hair
loss, hair growth on the face (in women),
aggressiveness, irritability, and in-
creased levels of estrogen. Discontinue
use and call a physician or licensed
qualified healthcare professional imme-
diately if you experience rapid heart-
beat, dizziness, blurred vision, or other
similar symptoms. Keep out of reach of
children. [...] Do not use DHEA if you
are at risk for or have been diagnosed as
having any type of hormonal cancer,
such as prostate or breast cancer.”

B Internetlinks

Comment on this statement: https:/www.
lef.org/magazine/mag2011/jul2011

State-of-California-Decrees-Strong-
Warning-Labels-on-DHEA-and-Preg-
nenolone 01.html

American Cancer Society: http:/www.
cancer.org/treatment/treatmentsand-
sideeffects/complementaryandalterna-

tivemedicine/pharmacologicalandbio-
logicaltreatment/dhea
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