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Abstract

Dehydroepiandosterone is an adrenal corticosteroid which is a precursor to sex hormones but acts by other independent
mechanisms also. Serum levels are a function of age, falling off to very low levels by the age of 70.In epidemiological studies, a
fall in activity is correlated with many disease states. Clinically it finds application in adrenal insufficiency, patients on
corticosteroids, immunological diseases like SLE, psychiatric disorders and male and female sexual dysfunction. Side effects

are mild and transient.

INTRODUCTION

Many a time a normal physiologic constituent find
therapeutic potential quite apart from its normal
physiological function. Dehydroepiandosterone (DHEA) is
one such agent. It is a paradox however, that on one hand it
is widely sold as a wonder drug and the medical profession,
on the other hand has not fully tapped its potential.

DHEA is a C19 corticosteroid secreted by the zona
reticularis of adrenal cortex. DHEA and its sulfate ester are
interconvertible through the enzymes sulfatase and
sulfotransferase. DHEA is lipophilic .DHEAS is hydrophilic
and circulates in the blood bound to albumin. They are both
collectively termed DHEA(S). (,).Even though DHEA(S)
and androstenedione are termed adrenal androgens, they are
not true androgens, since they do not act on androgenic
receptors. They are converted to potent metabolites
including testosterone and estradiol. However, it would be
too naive to regard it as a simple precursor to the sex
hormones. The process of intracrinology is invoked to
explain their interesting metabolism. Peripheral conversion
to testosterone and estradiol takes place depending on
specific expression and local distribution of 17 beta
hydroxysteroid dehydrogenase. (,)In men half the androgens
are derived from adrenal precursor steroids, in
premenopausal women 75% of oestrogen synthesis takes
place in peripheral target cells and this figure becomes
virtually 100% in postmenopausal women.(;) The sex
steroids thus produced act mainly within the cells in which
they are produced. DHEA administration leads to sexually
dimorphic effects-androgenic in women(,) and oestrogenic

in men.(;) Another peculiar characteristic of DHEA

metabolism is that of “metabolism on demand”.(,)
Administration of this molecule to men with normal DHEA
levels did not lead to higher testosterone levels. On the other
hand, when given to testosterone deficient elderly men, total
testosterone levels did rise.

DISCUSSION

DHEA acts by mechanisms other than just as a precursor to
sex hormones. Recently an endothelial receptor for DHEA
has been discovered and it has been shown to activate
endothelial nitric oxide synthase. (;) DHEA(S) act as
neurosteroids by acting directly on neurotransmitter
receptors in brain (5) including NMDA receptor, sigma
receptor and GABA receptor. It has direct action on the
immune cells and binding sites for it have been described on
T lymphocytes. (,).

DHEA(S) activity is a function of age (,,). Soon after birth
levels are high due to synthesis by fetal adrenal gland.
Levels rapidly drop thereafter and rise again between 6th
and 10th year a phenomenon termed adrenarche. After
reaching peak levels in the third decade of life, levels decline
rapidly reaching 10-20% of maximum level by the age of
70.This phenomenon is termed adrenopause (even though
cortisol levels do not change much).Adrenopause is
independent of menopause and occurs in both men and
women. It is related to reduction in the size of zona
reticularis. Generally levels are lower in women than men of
similar age.

DHEA continues to be less under-used and less understood
by the medical profession. It is truly an enigmatic molecule.

Androgenic side effects may occur with DHEA even though
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they are generally mild and transient. Hunt et al (,,) reported
mild facial acne in 33% women and 7% men as compared to
17% women and 7% men on placebo. The same group
reported mild excess facial growth in 4% females and 7%
males.

Understandably, there would be concerns on the risk of
prostate cancer. DHEA should not be given to men with
history of prostate cancer. However, there is no data
suggesting an increased incidence of prostate cancer in
males receiving DHEA.A small increase in serum PSA
(prostate specific antigen) may be detected at he beginning
of therapy but levels return to baseline or below in a few
months. In vitro and animal data paradoxically suggest a
protective role for DHEA in prostate cancer(s;,;,).Even
though there is no data showing elevated risk of BPH(benign
prostatic hypertrophy) in patients receiving DHEA, serum
levels of DHEA(S) correlate with higher risk of BPH. Thus,
DHEA should not be given to men with significant BPH
related symptoms.

DHEA should also not be given to women with history of
breast cancer. However, recently, Labrie (5;) recently
proposed that DHEA be used in addition to selective
estrogen receptor modulators (SERM) for secondary
prevention in patients with breast cancer. DHEA could
compensate for the important loss of androgens that
accompanies aging and could also permit sex steroid
formation and action in the brain while breast cancer
prevention would be achieved by the SERM.

Epidemiological studies including the Ranch Bernardo
Study have shown a correlation of low DHEA levels with
increased mortality in men under 70 who smoke, depression
in women and children, diminished bone mineral density in
women, cancer in men, bladder cancer, rheumatoid arthritis
and other inflammatory arthritides, increased risk of
progression to AIDS, aggravation of HIV relate
lipodystrophy, lack of survival in sepsis, diminished sexual
desire in women and congestive heart failure ().

Patients with adrenal insufficiency of any cause, often
complain of persistent fatigue and lack of sense of well
being despite optimum gluco-corticoid and
mineralocorticoid replacement. These patients may show an
improvement in mood, asthenia and possibly sexual function
in women (y;, 1, 135 145 15)-MoOst studies used a dose of 50
mg/day and most were performed in female patients.
Patients on corticosteroid therapy have low DHEA levels
because of adrenal suppression. It may therefore be useful to

administer DHEA to all patients on corticosteroids (Tom
Geracioti, personal communication). DHEA also has a
synergistic anti-inflammatory effect with glucorticoids.
However; this idea has not been tested in a clinical trial.

Interaction of DHEA with the immune cells and their role in
inflammatory, allergic and immunological disorders has
been recently reviewed by Dillon (,5).Plasma levels of
DHEAC(S) are lower in inflammatory conditions like SLE
(systemic lupus erythematosus), inflammatory bowel
disease, rheumatoid arthritis and polymyalgia rheumatica.
DHEA has been shown to influence various

cytokines, TH1/TH2 balance etc. In animal models, while it
has been shown to be useful in enhancing the response to
vaccines, it has also been shown useful in animal models of
autoimmune disease and atopy. A randomized double blind
trial in SLE (;,) using 200 mg/day showed a significant
reduction in number of flares and improved patients' global
assessment of disease process. In another trial it was possible
to document a reduction in steroid dose requirement
(19)-Small studies have reported improvement in bone
mineral density (;,) and joint pain (,,) in elderly. In a trial on
influenza vaccination, a significant improvement in antibody
titers was demonstrated with concomitant DHEA

administration (5,).

DHEAC(S) are synthesized in the brain independently of its
secretion elsewhere. Their central nervous system
concentration is 6-8 times greater than in the blood stream
(s)-They have a modulatory role in stress response, sleep
control and memory. (y,,,).Data is emerging to show its role
in dementia, depression schizophrenia and anxiety(;).Ina 6
weeks double blind placebo controlled trial, it was shown to
be effective for midlife onset depression(,).High doses of
DHEA(322 mg/day) were shown to improve depressed
mood and fatigue in HIV positive patients.(,;).

Epidemiological work incriminates DHEA(S) among all
hormones to have the strongest negative correlation with
erectile dysfunction. (,,).A prospective double blind placebo
controlled trial showed significant improvement in erectile
function, intercourse satisfaction, sexual desire and orgasmic
function. The improvement however was manifest only after
16 weeks of treatment (,5).In another study, where other co
morbidities were present, patients with diabetes or
neurological disorders did not show improvement (,;). The
mechanism of action of DHEA(S) in erectile dysfunction is
not well understood. It may involve effect on endothelial
nitric oxide synthase or local formation of estrogens (;).
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DHEA has been studied for female sexual dysfunction
.Women develop DHEA deficiency with adrenal dysfunction
or age. Arlt et al (;,) in a placebo controlled cross over trial
showed significant increase in sexual thoughts or fantasies,
sexual interest and satisfaction in women with adrenal
insufficiency. They used 50 mg of DHEA and improvement
in sexual interest took place after a month of therapy and
improvement in sexual satisfaction took 4 months. Baulieu
et al (,;) showed significant improvement in sexual
parameters in women above 70 years of age but not in those
below 70 and improvement took after 6 months of therapy,
reaching statistical significance after 12 months.

Epidemiologic data shows a negative correlation between
DHEA levels and cardiovascular risk. The Massachusetts
Male Aging Study showed that men in the lowest quartile
for DHEA had half the cardiovascular risk as compare to
men in the highest quartile (,).Supplementation with DHEA
was associated with decrease in total body weight, fat mass
and trunk fat in men with DHEA deficiency (,,).Among the
cardiovascular risk factors, a reduction in
PAI-1,improvement in flow mediated dilation of brachial
artery and improvement in insulin sensitivity have been
demonstrated(,,).An improvement in metabolic syndrome is
therefore to be expected. Variable effects on blood lipids
were noted. Small decrease in HDL cholesterol and total
cholesterol was noted in some studies. ().

References

1. Cameron DR, Braunstein GD. The use of
dehydroepiandrosterone therapy in clinical practice. Treat
Endocrinol. 2005;4(2):95-114.

2. Labrie F, Belanger A, Cusan L, Candas B. Physiological
changes in dehydroepiandrosterone are not reflected by
serum levels of active androgens and estrogens but of their
metabolites: intracrinology. J Clin Endocrinol Metab. 1997
Aug;82(8):2403-9

3. Labrie F, Luu-The V, Labrie C, Belanger A, Simard J, Lin
SX, Pelletier G. Endocrine and intracrine sources of
androgens in women: inhibition of breast cancer and other
roles of androgens and their precursor
ehydroepiandrosterone. Endocr Rev. 2003
Apr;24(2):152-82.

4. Arlt W, Justl HG, Callies F, Reincke M, Hubler D, Oettel
M, Ernst M, Schulte HM, Allolio B. Oral
dehydroepiandrosterone for adrenal androgen replacement:
pharmacokinetics and peripheral conversion to androgens
and estrogens in young healthy females after dexamethasone
suppression. J Clin Endocrinol Metab. 1998
Jun;83(6):1928-34.

5. Arlt W, Haas J, Callies F, Reincke M, Hubler D, Oettel
M, Ernst M, Schulte HM, Allolio B. Biotransformation of
oral dehydroepiandrosterone in elderly men: significant
increase in circulating estrogens. J Clin Endocrinol Metab.
1999 Jun;84(6):2170-6.

6. Saad F, Hoesl CE, Oettel M, Fauteck JD, Rommler A.
dehydroepiandrosterone treatment in the aging male--what

should the urologist know? Eur Urol. 2005
Nov;48(5):724-33; discussion 733.

7. Liu D, Dillon JS. Dehydroepiandrosterone activates
endothelial cell nitric-oxide synthase by a specific plasma
membrane receptor coupled to Galpha(i2,3). J Biol Chem.
2002 Jun 14;277(24):21379-88.

8. Baulieu EE, Robel P. Dehydroepiandrosterone (DHEA)
and dehydroepiandrosterone sulfate (DHEAS) as
neuroactive neurosteroids. Proc Natl Acad Sci U S A. 1998
Apr 14;95(8):4089-91.

9. Okabe T, Haji M, Takayanagi R, Adachi M, Imasaki K,
Kurimoto F, Watanabe T, Nawata H. Up-regulation of high-
affinity dehydroepiandrosterone binding activity by
dehydroepiandrosterone in activated human T lymphocytes.
J Clin Endocrinol Metab. 1995 Oct;80(10):2993-6.

10. Arlt W. Dehydroepiandrosterone and ageing. Best Pract
Res Clin Endocrinol Metab. 2004 Sep;18(3):363-80.

11. Arlt W, Callies F, van Vlijmen JC, Koehler I, Reincke
M, Bidlingmaier M, Huebler D, Oettel M, Ernst M, Schulte
HM, Allolio B. Dehydroepiandrosterone replacement in
women with adrenal insufficiency. N Engl J Med. 1999 Sep
30;341(14):1013-20.

12. Callies F, Fassnacht M, van Vlijmen JC, Koehler I,
Huebler D, Seibel MJ, Arlt W, Allolio B.
Dehydroepiandrosterone replacement in women with adrenal
insufficiency: effects on body composition, serum leptin,
bone turnover, and exercise capacity. J Clin Endocrinol
Metab. 2001 May;86(5):1968-72.

13. Hunt PJ, Gurnell EM, Huppert FA, Richards C, Prevost
AT, Wass JA, Herbert J, Chatterjee VK. Improvement in
mood and fatigue after ehydroepiandrosterone replacement
in Addison's disease in a randomized, double blind trial. J
Clin Endocrinol Metab. 2000 Dec;85(12):4650-6.

14. Johannsson G, Burman P, Wiren L, Engstrom BE,
Nilsson AG, Ottosson M, Jonsson B, Bengtsson BA,
Karlsson FA. Low dose dehydroepiandrosterone affects
behavior in hypopituitary androgen-deficient women: a
placebo-controlled trial.J Clin Endocrinol Metab. 2002
May;87(5):2046-52.

15. Lovas K, Gebre-Medhin G, Trovik TS, Fougner KJ,
Uhlving S, Nedrebo BG, Myking OL, Kampe O, Husebye
ES. Replacement of dehydroepiandrosterone in adrenal
failure: no benefit for subjective health status and sexuality
in a 9-month, randomized, parallel group clinical trial.J Clin
Endocrinol Metab. 2003 Mar;88(3):1112-8.

16. Lovas K, Gebre-Medhin G, Trovik TS, Fougner KIJ,
Uhlving S, Nedrebo BG, Myking OL, Kampe O, Husebye
ES. Replacement of dehydroepiandrosterone in adrenal
failure: no benefit for subjective health status and sexuality
in a 9-month, randomized, parallel group clinical trial. J Clin
Endocrinol Metab. 2003 Mar;88(3):1112-8.

17. Chang DM, Lan JL, Lin HY, Luo SF.
Dehydroepiandrosterone treatment of women with mild-to-
moderate systemic lupus erythematosus: a multicenter
randomized, double-blind, placebo-controlled trial. Arthritis
Rheum. 2002 Nov;46(11):2924-7.

18. Petri MA, Mease PJ, Merrill JT, Lahita RG, Iannini MJ,
Yocum DE, Ginzler EM, Katz RS, Gluck OS, Genovese
MC, Van Vollenhoven R, Kalunian KC, Manzi S,
Greenwald MW, Buyon JP, Olsen NJ, Schiff MH,
Kavanaugh AF, Caldwell JR, Ramsey-Goldman R, St Clair
EW, Goldman AL, Egan RM, Polisson RP, Moder KG,
Rothfield NF, Spencer RT, Hobbs K, Fessler BJ, Calabrese
LH, Moreland LW, CohenSB, Quarles BJ, Strand V,
Gurwith M, Schwartz KE. Effects of prasterone on disease
activity and symptoms in women with active systemic lupus
erythematosus.Arthritis Rheum. 2004 Sep;50(9):2858-68.
19. Villareal DT, Holloszy JO, Kohrt WM. Effects of DHEA

3of5



DHEA: An Enigmatic Medicine

replacement on bone mineral density and body composition
in elderly women and men. Clin Endocrinol (Oxf). 2000
Nov;53(5):561-8.

20. Morales AJ, Nolan JJ, Nelson JC, Yen SS. Effects of
replacement dose of dehydroepiandrosterone in men and
women of advancing age. J Clin Endocrinol Metab. 1994
Jun;78(6):1360-7. Erratum in: J Clin Endocrinol Metab 1995
Sep;80(9):2799.

21. Araneo B, Dowell T, Woods ML, Daynes R, Judd M,
Evans T. DHEAS as an effective vaccine adjuvant in elderly
humans. Proof-of-principle studies. Ann N Y Acad Sci. 1995
Dec 29;774:232-48.

22. Friess E, Trachsel L, Guldner J, Schier T, Steiger A,
Holsboer F. DHEA administration increases rapid eye
movement sleep and EEG power in the sigma frequency
range. Am J Physiol. 1995 Jan;268(1 Pt 1):E107-13.

23. Rabkin JG, Ferrando SJ, Wagner GJ, Rabkin R. DHEA
treatment for HIV+ patients: effects on mood, androgenic
and anabolic parameters. Psychoneuroendocrinology. 2000
Jan;25(1):53-68.

24. Feldman HA, Goldstein I, Hatzichristou DG, Krane RJ,
McKinlay JB. Impotence and its medical and psychosocial
correlates: results of the Massachusetts Male Aging Study. J
Urol. 1994 Jan;151(1):54-61.

25. Reiter WJ, Pycha A, Schatzl G, Pokorny A, Gruber DM,
Huber JC, Marberger M. Dehydroepiandrosterone in the
treatment of erectile dysfunction: a prospective,double-blind,
randomized, placebo-controlled study. Urology. 1999
Mar;53(3):590-4; discussion 594-5.

26. Reiter WJ, Schatzl G, Mark I, Zeiner A, Pycha A,
Marberger M. Dehydroepiandrosterone in the treatment of
erectile dysfunction in patients with different organic
etiologies. Urol Res. 2001 Aug;29(4):278-81.

27. Baulieu EE, Thomas G, Legrain S, Lahlou N, Roger M,
Debuire B, Faucounau V, Girard L, Hervy MP, Latour F,
Leaud MC, Mokrane A, Pitti-Ferrandi H, Trivalle C, de
Lacharriere O, Nouveau S, Rakoto-Arison B, Souberbielle
JC, Raison J, Le Bouc Y, Raynaud A, Girerd X, Forette F.
Dehydroepiandrosterone (DHEA), DHEA sulfate, and aging:
contribution of the DHEAge Study to a sociobiomedical
issue. Proc Natl Acad Sci U S A. 2000 Apr
11;97(8):4279-84.

28. Feldman HA, Johannes CB, McKinlay JB, Longcope C.
Low dehydroepiandrosterone sulfate and heart disease in
middle-aged men: cross-sectional results from the
Massachusetts Male Aging Study. Ann Epidemiol. 1998
May;8(4):217-28.

29. Kawano H, Yasue H, Kitagawa A, Hirai N, Yoshida T,
Soejima H, Miyamoto S, Nakano M, Ogawa H.
Dehydroepiandrosterone supplementation improves
endothelial function and insulin sensitivity in men. J Clin
Endocrinol Metab. 2003 Jul;88(7):3190-5.

30. Tchernof A, Labrie F. Dehydroepiandrosterone, obesity
and cardiovascular disease risk: a review of human studies.
Eur J Endocrinol. 2004 Jul;151(1):1-14.

31. Rao KV, Johnson WD, Bosland MC, Lubet RA, Steele
VE, Kelloff GJ, McCormick DL. Chemoprevention of rat
prostate carcinogenesis by early and delayed administration
of dehydroepiandrosterone. Cancer Res. 1999 Jul
1;59(13):3084-9.

32. Arnold JT, Blackman MR. Does DHEA exert direct
effects on androgen and estrogen receptors, and does it
promote or prevent prostate cancer? Endocrinology. 2005
Nov;146(11):4565-7.

33. Labrie F. Future perspectives of selective estrogen
receptor modulators used alone and in combination with
DHEA. Endocr Relat Cancer. 2006 Jun;13(2):335-55.

40f5



DHEA: An Enigmatic Medicine

Author Information

Sandeep Saluja, M.D.
Pushpawati Singhania Research Institute

50f5



