Dehydroepiandrosterone: IsThere a Role for Replacement?
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Dehydroepiandrosterone (DHEA) and its sulfated ester
are found in high concentrations in the plasma; however,
their rolein normal human physiology, other than as pre-
cursors for sex hormones, remains incompletely defined.
Studies of rodent models have shown that these hor mones
have beneficial effectson awidevariety of conditions, such

DHEA replacement in personswith low DHEA levels. Re-
sults have been conflicting. Human studies suggest a po-
tential role for DHEA replacement in persons who have
undergone adrenalectomy and possibly in the aging popu-
lation. However, long-ter m studiesassessing the benefitsvs
adver se effects must be done before DHEA replacement

can berecommended.
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asdiabetes, obesity, immunefunction, ather oscler osis, and
many of the disorder s associated with normal aging. How-
ever, rodentsarenot thebest modelsto study the actions of
these hormones because they have very little endogenous
DHEA; thus, the doses given to these animals are usual-
ly suprapharmacological. Human studies have been per-
formed to determine the potential beneficial effects of

AD = Alzheimer disease; BMD = bone mineral density;
DHEA = dehydroepiandrosterone; DHEAS = DHEA sulfate;
IL =interleukin; MID = multi-infarct dementia; NMDA = N-
methyl-p-aspartate; REM = rapid eye movement

ehydroepiandrosterone (DHEA) and its sulfated ester BIOCHEMISTRY AND PHYSIOLOGY OF DHEA
(DHEAS) have been studied increasingly during the DHEA and DHEAS are 2 of the major Steroids secreted

past few years, with substantial evidence emerging aboutby the zona reticularis region of the adrenal glands. As with
their possible roles in normal human physiology. Recentall C j steroids, these hormones are products of cholesterol
data have shown that DHEA levels are highly correlated metabolism and are derived from the action of CYP11A
with longevity in healthy nonhuman primateand head-  (cytochrome P-450scc) on the inner membrane of the
line phrases such as “mother of all hormones,” “super- highly active mitochondria found in the adrenal coftéx.
hormone,” and “fountain of youth” have brought these humans, DHEA and DHEAS are the most abundant circu-
hormones to the attention of the lay public. Use of the lating steroid hormones. Their role remains to be fully elu-
Internet search engine Google (www.google.com) in the cidated. DHEAS can be readily converted to unconjugated
last week of August 2003 revealed more than 400,000DHEA by ubiquitous tissue steroid sulfatases and thus
Web sites mentioning DHEA. This review includes a probably serves as a reservoir for DHEA. A simplified
MEDLINE search of English language articles thought to illustration of the steroid synthesis pathway is shown in
be relevant with the termi3HEA or Prasterone Any re- Figure 1. Note that DHEA, testosterone, and estrogens are
lated articles were also examined for potential inclusion in derived from the precursor 17-hydroxypregnenolone by the
this review. action of 16-hydroxyprogesterone aldolase, a reaction

Low or absent levels of DHEA are found in healthy catalyzed by cytochrome P-450Investigators have pro-
elderly individuals and those with adrenal insufficiency posed that the decline in DHEA levels (Figure 2) with
(hypoadrenal subjects). Long-term trials of DHEA re- senescence is associated with a decline in activity of this
placement in these groups are currently in progress in theenzyme, resulting in low levels of DHEA and testoster-
United Kingdom and in the United States. With the avail- one#® This theory has yet to be confirmed.
ability of DHEA as an over-the-counter product in the Often, DHEA and DHEAS are referred to as weak
United States and on the Internet worldwide, this review androgens; however, there is no evidence that they bind
provides generalists and specialists with information to the androgen receptor. Thus, DHEA and DHEAS have
about these hormones and will aid them in determining little or no intrinsic androgenic activity. However, they are
whether DHEA replacement has a role in individuals in converted into androstenedione and then further into potent
whom levels are low. androgens and estrogens in the liver and other target
organs’. These transformations depend on the tissue activ-
ity of steroidogenic and metabolizing enzymes such
as P-hydroxysteroid dehydrogenadé/A*-isomerase,
17B-hydroxysteroid dehydrogenaseq-teductase, and
aromatasé.
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Figure 1. Simplified steroid synthesis pathway. CYP11A = 20,22 hydroxylase, 20,22-desmolase;
CYP11B1 = 18 hydroxylase; CYP11B2 = Blhydroxylase, 18-hydroxylase and 18-oxidase; CYP17
(@) = 1% hydroxylase (catalyzed by P-450 CYP17 (b) = 1@-hydroxyprogesterone aldolase (cata-
lyzed by P-45Q.); CYP19 = aromatase; CYP21 = 21 hydroxylase; DHEA = dehydroepiandrosterone;
DHEAS = DHEA sulfate; B-HSD = 33-hydroxysteroid dehydrogenase; tHSD = 17-
hydroxysteroid dehydrogenase; HSS[=I/droxysteroid sulfotransferase; SH = sulfohydrolase.

DHEA and DHEAS are adrenal precursor sex steroids leading to an increase in endothelial nitric oxide syntkase.
produced in vast quantities. The active form is DHEA, and A DHEA-specific receptor-binding complex has also been
DHEAS is enzymatically converted into DHEA in periph- found in murine and human T cells. In this model, DHEA
eral tissues in an intracrine fashifoAlthough both DHEA binding to this receptor complex led to an increase in
and DHEAS are bound to albumin in the plasma, DHEAS interleukin (IL) 2 production®1®
is bound more firmly, and, unlike DHEA, DHEAS is not In both sexes, DHEA levels vary profoundly through-
bound to sex hormone-binding globulin but is free in the out life (Figure 2). Levels are high at birth but quickly
circulation. In addition, because DHEA is rapidly cleared decline within a few months. Levels start to increase in
from the circulation and has a half-life of 1 to 3 hours, it has children 8 to 10 years of age, peaking by the middle or
a circadian rhythm related to that of the secretion of corti- end of the second decade of life. Levels then decline by
cotropini®**However, DHEAS is cleared at a much slower 10% per decade, plateauing after a person is older than 80
rate and has a half-life of 10 to 20 hours; thus, levels do notyears*!21718 As mentioned previously, a recent theory is
vary substantially in the plasn¥a. that high circulating plasma DHEA levels are a marker for

The direct mechanism of action of DHEA, if any, is longevity in primate$Evidence for this in humans is based
unknown. The effects of DHEA are due to the actions of on analyzing ethnic differences in DHEA levels, which
the sex hormones into which it is converted. Although suggests that life expectancy may be greatest in popula-
recent studies found specific receptors to help explain somdions in whom DHEA levels are highé&tAn alternative
of the actions of DHEA, the mechanisms of other actions explanation for this finding is that people who are healthier
of this hormone remain elusive. An example of these re-have higher DHEA levels.
ceptors includes skeletal muscle binding sitdhese re- The decline in circulating DHEA levels parallels many
ceptors may have therapeutic value in the treatment ofage-related changes, such as sarcopenia and osteopenia. In
disorders associated with low DHEA levels, such as myo- studies of men who have undergone castration, approxi-
tonic dystrophy® Other receptors include those thought to mately 30% to 50% of circulating androgens are derived
be responsible for some of the protective cardiovascularfrom DHEA. The remaining androgens come from the
effects of DHEA. These effects are mediated through atestes as testosterone. Both DHEA and testosterone are
specific G protein—coupled plasma membrane receptorthen converted into the active androgen dihydrotestos-
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terone in the peripheral tissu&sln postmenopausal
women, the origin of most circulating androgens is contro- 4000 1
versial. Some authors state that androgens are derived from 3500 1
DHEA and that production from the ovaries is minifiét, 3000 1
whereas others state that the ovaries remain an important 2500 1
source of testosterof&* Subjects (especially female) with 2000 1
adrenal insufficiency have chronic DHEA deficiency be- 1500 7
cause routine replacement therapy with glucocorticoids 10001
and mineralocorticoids fails to restore DHEA-derived an- 5007
drogeng® Therefore, replacement of these androgens in
subjects with adrenal insufficiency should aim to restore
concentrations to levels equivalent to those before the onsejt
of the condition. A substantial amount of work has been
done in both elderly subjeétd’and hypoadrenal subjetts  Figure 2. Changes in levels of circulating dehydroepiandrosterone
to determine the optimal dose to restore DHEA levels to Sulfate (DHEAS) with aging. Reproduced from Orentreich et al
those seen in young adults; 50 mg/d is sufficient to increase!t" Permission from the Endocrine Society.
DHEA levels into the reference range of age-matched
young adultg®% enced by factors that control adrenal DHEA secrétion.
Clearly, differences are to be expected between the nor-Some reports have shown high concentrations in the brain,
mal physiological process of aging and the pathological with the brain-plasma ratio being 4:6°5¢It is known that
state of adrenal insufficiency. Hypoadrenal individuals pregnenolone and its sulfated ester are the precursors for
have little or no circulating DHEA; however, elderly per- DHEA, but how pregnenolone is produced in neural tissue
sons, although having substantially lower levels than remains uncleat The role of DHEA in the brain also
healthy individuals in their second or third decade, have remains unclear, but recent work in mice suggests that the
levels that may be several-fold greater than in those withhormone is important in guiding thalamic fibers to their
adrenal insufficiency. These differences mean that relatingcortical targets in the embryonic brain by the regulation of
and inferring results from one group to another is difficult; motility and growth of corticothalamic projectiofrs.
however, the premise of much of the current clinical re-  Some in vitroand animal data provide biologic plausi-
search in both aging and hypoadrenal subjects is that the bility for the psychotropic effects of DHEA; DHEA acts
groups are interchangeable. This link between elderly andas an antagonist on the receptor of the major inhibitory
hypoadrenal subjects is compounded by the findings of neurotransmittey-aminobutyric acid® perhaps by acting
studies that have analyzed different measures of generatlose to or at the sites where barbiturates act. Adminis-
well-being, libido, and mood and have found similar results tration of DHEA in rats has been shown to increase hypo-
in both groupg®®-22Despite this, there are clearly differ- thalamic serotonin levelFurther work in rats has shown
ences in the clinical presentation of a hyporenal subject vsthat DHEA binds to the excitatofy-methyl-o-aspartate
an elderly subject. (NMDA) receptor®® y-Aminobutyric acid and serotonin
Many disorders of aging, such as reduced immunocom-are known to be mood-related receptors, and both have
petence, obesity, diabetes, and cancers, have been attritlargeted, prescribable pharmacological agents (benzodiaz-
uted to changes in DHEA based on animal stiéiesd epines and selective serotonin reuptake inhibitors, respec-
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human epidemiological dat&®* tively) used as antidepressants, whereas NMDA (“ec-
stasy’) is a psychotropic drug of abuse.

EXPERIMENTAL EVIDENCE OF BIOLOGIC AND There are several reasons why estrogens may play a role

CLINICAL EFFECTS in ameliorating the cognitive and emotional disturbances

Mood and Well-being associated with menopause. Estrogens have been shown to

Sex hormones are known to play an important role in produce an increase in attention span, concentration, libido,
mood and well-being in both sexes (Table 1). Becauseand memory in postmenopausal worfleklowever, in
levels of these hormones decline with aging, there is aaging men, despite DHEA administration increasing circu-
parallel deterioration of mental function, and DHEA re- lating estrogens and androgen metabolites, this beneficial
placement is thought to be of potential benefit. effect on mood has been an inconsistent finéfifttpossi-

As a neuroactive neurosteroid, DHEA has become morebly because endogenous production of androgens from the
important with the discovery that both DHEA and DHEAS testes compensates for the effects of the declining levels of
are produced in the brain independently and are not influ-DHEA in such meri?
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Table 1.Summary of Human Studies Analyzing Effect of DHEA on Mood, Well-being, Cognition, and M emory*

DHEA
Type of subject Type of Dose
and age (y) Sex (No.) study (mg/d)  Duration Results Reference
Healthy elderly
>65 M and F (622) (@) NA NA Low DHEA levels associated with Berr €t al
depression (significant in women,
trend in men)
40-60 F (141) (0] NA NA DHEA levels positively correlated to Cawood & Bantroft
well-being
50-90 F (699) (0] NA NA DHEA levels positively correlated to Barrett-Connor“ét al
well-being
69 (mean) M (25); F (15) P,R 50 2 wk Nonsignificant trend toward improve- Wolfet al
ment in mood
40-70 M (13); F (17) P,R,C 50 3 mo Improvement in mood Moraleg%t al
50-69 M (22) P,R,C 50 4 mo No change in mood Arlt &t al
>50, M; >55, F M (270); F (167) O NA NA DHEA levels not correlated with Barrett-Connor &
cognitive decline Edelsteth
Healthy institution-
alized elderly
55-104 M (111) (@) NA NA DHEA levels lowest in those with AD Rudman &t al
or MID
Elderly with dementia
80 M (35); F (51) (@] NA NA DHEA levels lower in those with AD Nasman ét al
or MID vs controls
Healthy elderly and
elderly with AD
75 (healthy mean); M (22); F (32) O NA NA Women with AD had significantly Rasmusorfet al
76 (AD mean) higher DHEA levels
69 M (30); F (40) (@] NA NA DHEA levels not correlated with Schneider €t al
cognitive function
Hypoadrenal
26-69 M (15); F (24) P,R,C 50 3 mo Improvement in mood Hunt®&t al
23-59 F (24) P,R,C 50 4 mo Improvement in mood Arlt & al
With depression
51-72 M (3); F (3) oL 90 6 wk DHEA significantly improved all Wolkowitz etal
measures of mood and well-being
33-53 M (12); F (10) P,R 90 6 wk DHEA significantly improved all Wolkowitz &t al
measures of mood and well-being
Healthy with midlife
dysthymia
45-63 M (12); F (3) P,R,C 90, 450 3wkt DHEA significantly improved all Bloch%t al
measures of mood and well-being
With anorexia
14-28 F (61) R 50 12 mo Improvement in mood Gordon®t al

*AD = Alzheimer disease; C = crossover design; DHEA = dehydroepiandrosterone; MID = multi-infarct dementia; NA = not g@plicablkervational;
OL = open label; P = placebo controlled; R = randomized.

tEach dose.

Evidence from small-scale open-label studies in healthy studies analyzing DHEA replacement, one used only a
elderly human volunteers shows that DHEA supplementa- nonvalidated personal interview to assess general and psy-
tion increases levels oB-endorphirf? an endogenous  chological well-beindg; whereas others showed conflicting
opioid that causes an increase in well-being. Long-term results when evaluating sexualttyThe various results are
large epidemiological studies in humans have shown thatsummarized in Table 1. Clearly, based on the reported
mood in elderly women correlates with DHEA, with low studies, no consensus is available. In most studies, DHEA
levels found in those with depressin. replacement in hypoadrenal subjects seems to lead to an

Quiality of life in hypoadrenal subjects has been found to improvement in mood. The effect on depression and other
be lower compared with that in healthy contf8f§.Stud- conditions appears to be dose dependent and is probably
ies assessing the effects of DHEA replacement on sexualelated to duration of administration. Carefully conducted
and psychological well-being have been performed in long-term studies in well-defined populations are critical to
hypoadrenal subjects who have undergone adrenalecimake definitive conclusions on the effects of DHEA on
tomy?26667 and in elderly subject8#52 However, of the mood and well-being.
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Cognition and Memory normal aging did not correlate with cognitive declihe.
Alzheimer disease (AD) and multi-infarct dementia That study also evaluated mortality and showed that sub-
(MID) are relatively common in the aging populatféFff. jects with a DHEA level in the lowest quartile at baseline

Some evidence shows that AD is due to hippocampal damwere more likely to die at follow-up 15 years later com-
age induced by free radicals, resulting in increased lipid pared with those whose levels were in the upper quéttile.
peroxidation and alteration in free radical defense mecha-This represented an increase in mortality of 40% and 24%
nisms’® Animal studies using the centrally administered in men and women, respectively. However, decline in cog-
B, ,camyloid peptide as a model for AD have shown that nitive function was not greater among those who died
administration of DHEA reduces the rate of decline of before follow-up.
cognitive function usually associated with the introduction ~ Other epidemiological studies have supported the hy-
of this protein’ In addition, some in vitro work suggests pothesis of the link between low DHEA levels and AD.
that DHEA can reduce this free radical-induced danffage. Luchsinger et & reported that reducing caloric intake
The manner in which this protection is afforded has yet to might reduce the risk of AD in individuals carrying the
be fully established. In addition, DHEA use in vivo seems apolipoprotein E epsilon4dAPOES4 allele. People with
limited because doses were suprapharmacological. APOE4are more vulnerable to AD at an earlier &gRoth
The hippocampus is thought to be the area of the brainet al also found that caloric restriction delays the age-
associated with memory. A substantial portion of the bio- related decline in DHEAS levels in nonhuman primates
chemical work analyzing the effects of DHEA is from in and suggest this may also be true in humans. Moreover,
vitro and animal studies. In vitro work evaluating rat em- recent work from France analyzed DHEAS levels in post-
bryo hippocampal cultures showed a decline in cell num- mortem specimens from 11 elderly subjects with and with-
bers, a change in morphology, and an increase in the proout AD; a significant correlation was found between areas
duction of the stress-activated protein kinase 3 in thoseof the brain that have high levels of b@t#amyloid protein
cultures exposed to corticosterda®Vith aging, the rate of ~ and the pathological tau protein seen in patients with AD
loss of hippocampal neurons in rats increases, and this losand low levels of DHEA%?
is substantially accelerated with the addition of glucocorti-  Some evidence from observational studies of the rela-
coids” All these changes were attenuated when DHEA tionship between DHEA levels and AD and MID is con-
was added! In other experiments that used cell cultures flicting.*¢*® Early data show that low DHEA levels were
exposed to the excitatory amino acids NMDA amd associated with both AD and MID. One such study com-
amino-3-hydroxy-5-methyl-4-isoxazole propionic acid, pared DHEA levels in 50 independently living commu-
the expected decline in the hippocampal cell number washity men aged 55 to 94 years with levels in 61 male
not seen when DHEA was added, but DHEA alone did not nursing home residents aged 57 to 104 y#arkere was
increase the number of cells in cultdte. an inverse relationship between DHEA levels and the
Evidence is accumulating that high glucocorticoid lev- presence of either AD or MID. In addition, there was an
els are neurotoxi® and this may be a mechanism for the inverse relationship between DHEA levels and the degree
psychological disturbances seen in patients with hyper-of dependence in activities of daily living. Further analy-
cortisolism?” In vitro work has shown that DHEA modu- sis showed that the plasma DHEA level was lowest in
lates this responsé. 80% of the male nursing home residents who required
The mechanism of DHEA neuroprotection is unknown. total care. In another observational study of patients re-
However, it has been shown that in the rat hippocampusquiring total care who had either AD or MID, the preva-
levels of the immediate precursor to DHEA production, lence of low DHEA levels was 68% and 100%, respec-
pregnenolone sulfate, are highly correlated with spatial tively.*® This last-mentioned finding is consistent with
memory performanc®. Confirmation that this occurs in  that of Nasman et 4dlthat elderly patients with organic
humans has yet to be established. In the developing rabrain disease have low DHEA levels. This group also
embryo, the rates of cell birth, migration, and survival are found that the cortisol/DHEA ratio was high. High DHEA
highly dependent on adrenal steroid levels. Whether thislevels are associated with a lower cortisol/DHEA ratio, and
occurs in humans is unknown; however, in a postmortemthis has been proposed as a mechanism that prevents cogni-
study of 1 patient with Addison disease, there was evidencedive decline in these individuats.
of dentate gyrus neuronal loss, suggesting a similar re- However, these results conflict with those from an ob-
quirement for adrenal steroiéfs. servational study of 35 subjects with AD that found no
Large-scale epidemiological work specifically analyz- differences in DHEA levels compared with age- and sex-
ing DHEA and cognitive function has been conflicting. matched control€. Moreover, it remains to be determined
One study showed that the reduction in DHEA levels with whether decreases in DHEA levels cause physical and
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cognitive changes or whether DHEA levels represent anSexual Functioning
overall decline in physical function. However, data sug-  Various studies on the effect of DHEA on sexual func-
gesting that DHEA levels are low in patients with organic tion are summarized in Table 2.
brain disease conflict with more recent work suggesting The role of testosterone in the sexuality and sexual
that DHEA levels are increased in patients with AD and functioning of hypogonadal women was recently shown in
MID.48 a randomized crossover study involving 75 women who
Low levels of DHEAS rather than of DHEA may be had undergone oophorectomy. Shifren &tstlowed that
the cause of these dementias. In a descriptive study anatestosterone supplementation in women taking estrogen
lyzing 40 elderly subjects with either AD or vascular replacement significantly improved sexual function and
dementia and their age-matched controls, serum concenpsychological well-being. Thus, the role of estrogens alone
trations of DHEA did not significantly diffe¥. However, in sexual well-being is potentially limited.
subjects with dementia had lower concentrations of serum A retrospective open-label study revealed an association
DHEAS and a lower DHEAS/DHEA ratio compared with between the complex relationship of sexual physiology,
normal controls. The significance of this has yet to be desire, arousal, and orgasm with DHEA leVvéEhis study
determined. also suggested that DHEA was important in genital smooth
Evidence for the potential benefits of DHEA is available muscle relaxation and genital sensatfon.
from several sources. A randomized double-blind study of  Free testosterone and DHEA levels are reduced in women
17 individuals showed that a supraphysiological dose of 90taking estrogeff:° The impact that this decrease in DHEA
mg of DHEA was associated with a substantial benefit in and testosterone has on overall sexual functioning is un-
the treatment of midlife-onset dysthymia in both men and known because observational studies have shown a positive
women®? Smaller-scale studies have shown that DHEA is correlation between libido and testosterone Ie¥els.
as effective as more “traditional” therapies for major de-  In hypoadrenal women who have undergone natural or
pressiort®st However, the latter stulywas randomized, surgical menopause, androgens given in addition to estro-
whereas the first stuiywas open-label. Results of these gens provided a beneficial effect on sexudfif§.In a
studies are summarized in Table 1. randomized study of 24 women with adrenal insufficiency,
Preliminary work with 10 healthy young volunteers Arlt et aF? showed that 50 mg/d of DHEA was associated
showed that a single pharmacological dose of 500 mg ofwith a highly significant improvement in all aspects of
DHEA enhanced relaxation by increasing the amount of sexual well-being. In a randomized controlled trial,
time spent in rapid eye movement (REM) sl&ehge time Johannsson et falgave either placebo or DHEA to 38
of sleep during which memory is established and which hasandrogen-deficient women with hypopituitarism. In the
a key role in language and emotional learrifngy. study DHEA group, the subjects were further divided by age:
with electroencephalography analyzed the effects of vari-women older than 45 years received 20 mg/d and women
ous glucocorticoids, their biosynthetic precursors, and younger than 45 years received 30 mg/d of DHEA for 6
their metabolites on sleep pattefh§his work showed months. With both doses, there was an improvement in
that the effects could be attributed to the mode of actionandrogen-dependent effects such as in skin (oil, moisture,
of these neuronally produced steroids. Specifically, ste-and elasticity) and increases in both axillary hair and pubic
roids such as pregnenolone and DHEA were thought tohair. In addition, with the dose of 30 mg/d, all subjects had
be produced in glial cells and act in a paracrine fashion,an increased score in sexual interest and activity. With the
thus modifying the sleep electroencephalogram in hu- dose of 20 mg/d, only 41% of subjects had these changes.
mans in a manner that suggested their potential as memAlthough there was a trend, this improvement was not
ory enhancer¥. statistically significant because a few subjects taking
However, a recent review article challenged this view- placebo also showed an improvement. In that same study,
point, stating that REM sleep is not necessary for establishthe women'’s partners were asked to grade changes in per-
ing memory because REM deprivation in humans is not sonality and mood. The partners of subjects taking DHEA
associated with memory dysfuncti®ihus, the effects of  replacement recorded a statistically significant overall im-
glucocorticoids and DHEA on memory and sleep remain to provement in alertness, stamina, and initiative. This differ-
be fully clarified. ence in perception of well-being between participants and
Together, these findings suggest that reducing calorictheir partners remains unclear. As part of the trial, the last 6
intake extends the availability of DHEA and may be a months were an open-label treatment with DHEA. During
causative factor in the delay or prevention of AD. This that time, subjects who had initially been taking placebo
experimental evidence from observational studies remainsreported changes similar to those who had been taking
to be established in interventional human studies. DHEA for the entire trial.
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Table 2.Summary of Human Studies Analyzing Effect of DHEA on Sexual Functioning*

DHEA
Type of subject Type of Dose
and age (y) Sex (No.) study (mg/d) Duration Results Reference
Healthy
With decreased
libido
24-78 F (105) (@) NA NA 70% of subjects had low DHEA Guay &
levels Jacobsdéh
31-48 F (8) oL 50-100 Not given 6 of 8 women regained normal Buay
(minimum 8 wk) sexual desire
Premenopausal
24-34 F (12) P,R,C 300 Single dose No effect on sexual arousal Meston &
Heimari*
Postmenopausal
51-68 F (16) P,R,C 300 Single dose Increased sexual arousal Hackbert &
Heimary?
With sexual
dysfunction
43.5 (mean) F (113) oL 50 +£2 mo Improvement in sexual well-being Munarriz ét al
Hypoadrenal
23-59 F (24) R, C 50 4 mo Improvement in sexual well-being Arlt%t al
25-65 F (38) R (OL) 30 (<45Yy), 6 mo Nonsignificant trend toward im- Johannssdi et al
20 @45y) provement in 30-mg group only
26-69 M (15); F (24) P,R,C 50 3 mo No improvement in sexual function Hur€et al
Healthy
40-70 M (13); F (17) P,R,C 50 3 mo No improvement in sexual function Morale? et al

*See footnote to Table 1 for expansion of abbreviations.

Further uncertainty about DHEA effects on sexual func- mg/d of DHEA for 3 months, there was no benefit in any of
tioning in women was revealed in 2 recent placebo-con- the indices of sexual functigh3*1® This outcome may
trolled randomized studies of 16 postmenopausal and 12have occurred because the endogenous testosterone can-
premenopausal healthy volunteers who received a singleceled the effects of the DHEA. This result contrasts that in
300-mg dose of DHEA:*? All the women were sexually  a small randomized trial in elderly men that showed a daily
active. They were shown erotic videos after a period of dose of 50 mg of DHEA may be useful in the treatment of
“neutral” visual stimulation. Physical sexual responses erectile dysfunctior
were assessed using measurements of vaginal pulse ampli- In summary, results are conflicting regarding the effects
tude and vaginal blood flow. These studies showed signifi- of DHEA administration in men, in premenopausal and
cantly greater mental and physical sexual arousal to visualpostmenopausal women, and in normal and hypoadrenal
stimulation in only the DHEA-treated postmenopausal subjects. Furthermore, large long-term randomized studies
women? There were no differences seen in the DHEA- are needed to address this issue. Another issue that needs to
treated premenopausal group compared with the placebde determined is whether replacement doses or pharmaco-
group?* The reason for these differences is unclear but may logical doses of DHEA are needed to achieve beneficial
be due to the effects of endogenous ovarian steroids negateffects.
ing the effects of DHEA.

Other studies have shown a correlation between seruminsulin Sensitivity
levels of DHEA and testosterone with libido in young Most of the work done on insulin sensitivity has been in
women who have a decreased or absent sexual ¥&sire animal models. Extrapolating these results to human stud-
(Figure 3). An interventional study with 12 premenopausal ies is difficult because rodents produce very little endog-
women with sexual dysfunction and low libido showed enous DHEA and the demonstrated effect is pharmacologi-
that low libido occurred most frequently in women with cal rather then physiological. However, human studies
low DHEA levels and that replacement of DHEA, either 50 have been done and are reviewed subsequently along with
mg/d or 100 mg/d, restored sexual functidiable 2). relevant animal studies.

Use of DHEA in men has not been researched as exten- DHEA lowers serum insulin levels and increases insulin
sively as in women. In randomized crossover studies with sensitivity in rodent model8?'%The mechanism of action
healthy elderly or hypoadrenal men given 50 mg/d or 100 is unclear because this reduction is achieved without im-
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impaired®® A theory is that the 17-hour infusion of DHEA
250 1 O study population used in that stud§f to achieve a serum level of 2.5 times
~ 200 1 W Population average greater than baseline may not have been long enough to
L produce a clinically significant change in insulin sensitivity
£ 1597 in vivo.
o 1007 Some results suggest that DHEA has a role in reducing
3 50 - I_I |_I age-related increases in insulin levels, insulin resistance,
0 - I_I_ and blood glucose. In a few randomized studies of healthy
2029 3039 4049 5059 6069 70-79 elderly men and postmenopausal women, insulin sensitiv-
Age (y) ity improved significantly'***? Insulin sensitivity was
measured indirectly by serum insulin or by formal testing.

These results contrast those of studies in women with adre-
Figure 3. Dehydroepiandrosterone (DHEA) levels in women of all 115 insufficiency that found that either 50 mg/d or 200 mg/
ﬁg?;;\f'tﬂbﬁglﬁegoog ?:Sgnt g?&i%;ogg?;e?rgmhévf;;/egr:'gthq qf DHEA supplementqtion had no effect on insulin sensi-
Jacobsor tivity. #3124 Again, the issue arises when the absolute

DHEA deficiency in hypoadrenal subjects is compared
provement in insulin resistance in peripheral tissues andwith the relative DHEA deficiency in healthy elderly sub-
without lowering pancreatic insulin content. The decreasejects. These studies are summarized in Table 3. Insulin
in insulin levels with DHEA supplementation may be a sensitivity is currently one of the outcomes being assessed
contributing factor in lowering body weight or altering in long-term DHEA replacement studies of hypoadrenal
metabolic efficiency in DHEA-treated rats. Lowered serum and healthy elderly subjects:*?
insulin levels may be responsible for reduced activities In summary, in contrast to animal studies, in humans,
of lipoprotein lipase, glucose-6-phosphate dehydrogenasealthough there are intriguing measurable effects of DHEA
and fatty acid synthetase measured in DHEA-treated obes@n plasma insulin and glucose levels, these changes have
rats!®? Proposed mechanisms for this include improved not been translated into a clinically significant beneficial
muscle insulin signaling, as reflected in binding of effect on insulin sensitivity and glucose dispd%al.
phosphatidylinositol 3-kinase to the insulin receptor sub-
strate 1. However, despite the decrease in insulin levelsCardiovascular Effects
there appears to be a lack of effect of DHEA on the glucose Animal studies have shown that administration of
tolerance test, suggesting no effect on peripheral glucoseDHEA reduces the buildup of atherosclerotic plaque in
metabolism. This is supported by other studies that showedanimals fed a high-fat dié#!?®In addition, DHEA has
no effect of DHEA on muscle glucose transport protein 4 been shown to reduce platelet adhesion in ¥##/Bhus, an
content®® or glucose metabolism either in isolated increase in plaque formation may explain the increase in
adipocyte¥”® or in rat soleus muscké Thus, the antiobe-  cardiovascular events in persons with low DHEA lev-
sity effect of DHEA in rats may be due to a combination els31?° Nestler et &f® showed that hyperinsulinemia re-
of elevated mitochondrial respiration and lowered insulin duces serum DHEA levels. Because insulin is thought to be
levels. There are divergent effects on food intake in leanproatherogenic, this reduction in DHEA levels is a possible
and obese rats given DHEA. In obese Zucker rats, DHEA explanation for the loss of antiatherogenic actions of
reduced food intake, whereas in lean rats, food intakeDHEA.*? Although this hypothesis remains to be formally
was increaset® The mechanism for this difference is tested in human studies, some animal data and human
unknown. epidemiological data suggest that this is the &&d&&22124

Studies analyzing the relationship between insulin sen-Most of the current data are summarized in Table 4. The

sitivity and DHEA-testosterone ratios have found it to be epidemiological evidence in humans is conflicting because
strongly associated, suggesting that DHEA affects insulin some studies show an inverse relationship between DHEA
sensitivity!®” However, a trial of DHEA infusion in  levels and increased cardiovascular risk in men but not in
hyperandrogenic women with polycystic ovarian syn- women®3712712%|n g large ongoing observational study
drome failed to improve any index of insulin sensitiviy.  analyzing cardiovascular risk factors, diabetes in men older
Nevertheless, there was an increase in pyruvate dehydrogethan 50 years was associated with a low DHEA |&Gel.
nase enzyme activity after DHEA administration in these This relationship was not seen in all large epidemiological
women!® Pyruvate dehydrogenase in T lymphocytes re- studiest!
flects the degree of glucose intolerance of hyperandrogenic DHEA may affect various other risk factors. In women,
women and diabetic subjects in whom enzyme activity is there is a positive relationship between DHEA levels and
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Table 3.Summary of Human Studies Analyzing Effect of DHEA on Insulin Sensitivity*

DHEA
Type of subject Type of Dose
and age (y) Sex (No.) study (mg/d) Duration Results Reference
Hyperandrogenic
15 F (1) oL 300 1 mo Marked improvement in insulin Buffington &fal
sensitivity
Hyperandrogenic or
obese
18-36 F (5 with PCOS, oL 1 mg/h 17-h No change in insulin sensitivity in SchriocK®t al
5 obese) infusion either group
Healthy overweight
volunteers
21-37 M (6) P,R 1600 28d No change in insulin sensitivity Usiskin'&t al
Healthy volunteers
60-70 F (15) oL 10% 12 mo Significant improvement in indirect Diamond'€t al
cream measures of insulin sensitivity but not
oral glucose tolerance testing
64-82 M (8); F (10) oL 50 6 mo Nonsignificant improvement in indirect Villareal*ét al
measures of insulin sensitivity
40-70 M (13); F (17) P,R,C 50 3 mo No change in insulin sensitivity Morale¥et al
40-70 M (130); F (17) P,R,C 50 6 mo No change in insulin sensitivity Yeritet al
22-25 M (10) P,R 1600 28d No change in insulin sensitivity Nestlet'ét al
56 (mean) F (20) P,R 25 12 mo Significant improvement in insulin Lascé'et al
sensitivity
57 (mean) M (22) P,R 1000 30d Significant improvement in indirect JakubowicZz%t al
measures of insulin sensitivity
Hypoadrenal
26-69 M (15); F (24) P,R,C 50 3 mo No change in insulin sensitivity Hunt®t al
23-59 F (24) P,R,C 50 4 mo No effect on indirect measures of Callie’s%t al
carbohydrate metabolism
22-54 F (10) R,P,C 50 9d No change in insulin sensitivity Christianseti‘et al
27-51 F (9) R 50 or 200 3 mo No change in insulin sensitivity Gebre-Medhitet al

*PCOS = polycystic ovarian syndrome. See footnote to Table 1 for expansion of other abbreviations.

the development of glucose intoleran&é®Further diffi-

levels®*13

Muscle Strength and Body Composition

either prevent weight gain or even cause weightf63%.

elderly men but not in women. Additionally, the study by
culties in interpreting data come from evidence that showsDiamond et &l showed that topical application of a 10%
that DHEA administration lowers high-density lipoprotein cream of DHEA for 1 year was associated with a statisti-
cally significant reduction in femoral fat, an increase in
femoral muscular area, and decreased skinfold thickness.
These findings are consistent with those in a smaller study
Animal studies have shown that DHEA in the diet can by Nestler et al¥¥who found a change in body composition
in a small number of healthy young men given a highly
In healthy volunteers, some observational studies at-suprapharmacological dose of 1600 mg/d of DHEA for 28

tempting to correlate DHEA levels with muscle strength days. They showed that body fat decreased, with an overall
and body composition failed to find an associatigff, increase in skeletal muscle tissue. Villareal 8t showed
whereas other data in obese men and women found oppoghat a 50-mg daily dose of DHEA for 6 months was associ-
ing relationshipg#142However, in both the observational ated with a statistically significant reduction in body fat
studies, body composition was determined by anthropo-and an increase in lean mass in 18 healthy elderly men and
morphic measure only, whereas the studies that showed nevomen.
association used dual x-ray absorptiometry. Muscle strength in healthy elderly volunteers has been
Several interventional studies in healthy subjects andassessed. In observational studies, quadriceps strength was
hypoadrenal women failed to show any changes in bodypositively correlated with circulating DHEA levels in
composition with DHEA administratiof{100113116119.185143  mer43145phyt not in women?® This correlated with the find-
This conflicts with other work showing that DHEA admin- ings of the interventional study by Morales €elt‘ain which
istration alters body compositidH:!"1184Morales et af* an increase was noted in quadriceps and lumbar strength in
showed that a 100-mg daily dose of DHEA for 6 months men but not in women. These studies are summarized in
was associated with a reduction in fat mass in healthy Table 5.
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Table 4.Summary of Human Studies Analyzing Effect of DHEA on Cardiovascular Outcomes*

Type of subject Type of
and age (y) Sex (No.) study Results Reference

Healthy volunteers

50-79 M (242) (0] Low DHEA levels associated with higher death rates Barrett-Conn®r et al

40-70 M (1709) O Low DHEA levels associated with higher rates of Feldmattet al
cardiovascular disease

60-79 F (289) (@) High DHEA levels associated with higher death rates Barrett-Connor &'Khaw

65 (mean) F (942) (0] DHEA levels not associated with fatal cardiovascular Barrett-Connor & Goodma#@*Gruen
outcomes

After myocardial
infarction
26-40 M (32 subjects, O Significantly lower DHEA levels found in subjects Slowinska-Srzednicka et al
76 controls) after myocardial infarction

*DHEA = dehydroepiandrosterone; O = observational.

In general, long-term studies tend to show changes insubjects’® In that study, serum osteocalcin levels were
body composition and muscle strength. Long-term pla- increased significantly, but there was no corresponding
cebo-controlled double-blind studies are needed to deterdincrease in the excretion of urinary cross-lifiRsThis
mine the effects of DHEA on body composition and finding was not seen in other interventional studies of

muscle strength. hypoadrenal subject®” These studies are summarized
in Table 6.
Bone Thus, the role of DHEA in preventing osteoporosis in

Rat studies have shown that DHEA administration re- elderly or hypoadrenal subjects remains uncertain.
duces the rate of bone loss usually seen after oophorec-
tomy 46 Evidence concerning the influence of DHEA on Immune Function
bone turnover in humans is conflicting. Gonadal androgen  On the basis of animal and in vitro studies, DHEA has
deficiency is associated with osteoporosis in Megtud- several effects on immune function. Work with rodent
ies of individuals with receptor defects or enzyme deficien- models has shown that DHEA protects mice from Ii-
cies have shown that in men estrogens are also necessapopolysaccharide-induced endotoxic sh&€kThese en-
for normal bone maturation and formatiéfh'*In women, dotoxins are released from bacterial cell walls during gram-
aging is associated with a decline in estrogens andnegative infections and are associated with high mortal-
adrenally derived androgens. This decline may be causallyity.'¢° That study reported that mortality of mice exposed to
associated with the development of osteoporosis because lethal dose of endotoxin was reduced from 95% to 24%
DHEA is converted to estrone within osteoblast-like cells by treatment with a single dose of DHEA, given 5 minutes
by aromatase cytochrome P-450 in culttité? Thus, before the interventiotf’ The applicability of these find-
DHEA may contribute to the maintenance of bone mineral ings to humans is unknown.
density (BMD) in postmenopausal women. In addition, In humans, there is a strong correlation between
cross-sectional and longitudinal data show a correlationDHEA levels and helper T-cell type 1 cytokine levels.
between DHEA levels and lumbar BME}:** However, These cytokines are IL-2 and interfeprHowever, lev-
these findings are discordant with long-term studies thatels of the helper T-cell type 2 cytokines, IL-4, IL-5, and
have shown no such relationship in either men or IL-6, increase with ag&%? High IL levels are im-
women!® Interventional studies of healthy subjects plicated as a causal factor in many conditions, such as
showed that DHEA supplementation had no effect on rheumatoid arthritis, osteoporosis, B-cell cancers, athero-
markers of bone turnover or on BMD measured by dual x- sclerosis, and Parkinson dise&#$&ecause these ILs help
ray absorptiometr§1341%6 However, open-label studies regulate immune activity, it is possible that the increased
showed that DHEA administration made a significant dif- susceptibility to illness associated with chronic disease and
ference in BMD in healthy elderly subjeét&’ aging occurs as a result of changes in the levels of these
In hypoadrenal subjects, the issue of whether os-cytokines!31%4
teoporosis is due to a lack of adrenally derived androgens In a crossover trial of 11 postmenopausal women taking
or to overtreatment with glucocorticoids is controversial. 50 mg of DHEA daily, Casson et‘&lfound a decrease in
Some evidence of uncertain importance from 1 study CD4" cells, with an associated enhancement in natural
showed that DHEA replacement is useful in hypoadrenalkiller cell (CD8/CD56") activity and cytotoxicity. Also,
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Table 5.Summary of Human Studies Analyzing Effect of DHEA Replacement on Muscle Strength and Body Composition*

DHEA
Type of subject Type of Dose
and age (y) Sex (No.) study (mg/d) Duration Results Reference
Healthy volunteers
21-96 M (578) O NA NA Positive association between DHEAS levels Valenti‘t al
and muscle strength in men >56 y
60-70 F (15) oL 10% 12 mo Decrease in femoral fat, increase in femoral Diamord et al
cream muscle, decrease in skinfold thickness
64-82 M (8); F (10) oL 50 6 mo Significant decrease in fat mass with Villareal*et al
significant increase in fat-free mass
50-65 M (9); F (10) P,R,C 100 6 mo Decrease in fat mass in men only; increase Mordfés et al
in knee and lumbar strength in men only
40-70 M (13); F (17) P,R,C 50 3 mo No change in body composition Moral€e? et al
46-61 F (60) P,R,C 1600 28d No change in body composition Mortola &%en
60-84 M (39) P,R,C 100 3 mo No change in body composition FlynA%t al
22-25 M (10) P,R 1600 28d 31% decrease in body fat in 4 of 5 subjects Nesttér et al
Healthy overweight
volunteers
21-37 M (6) P,R 1600 28d No change in anthropological measurements Usiskif et al
of body composition
With anorexia
14-28 F (61) R 50 12 mo Significant weight gain Gordon &t al
Hypoadrenal
22-54 F (10) R,P,C 50 9d No change in body composition Christianséft et al
26-69 M (15); F (24) P,R,C 50 3 mo No change in body composition Huri et al
27-51 F (9) R 50 or 3 mo No change in body composition Gebre-Medhittet al

200

*DHEAS = DHEA sulfate. See footnote to Table 1 for expansion of other abbreviations.

DHEA appeared to suppress the increase in stimulated ILresponses in animals have been gétits use in humans is

production seen in the placebo grath. controversial®170

Daynes and Arané® showed that the effect of DHEA Randomized controlled trials with several hundred
on T cells is to enhance their ability to produce other women have analyzed the effect of DHEA supplementa-
cytokines, such as IL-2, IL-3, and interfergnSuch ef- tion on autoimmune conditions such as systemic lupus

fects occur only if the cells are activated while under the erythematosus, with some success in reducing glucocorti-
influence of this hormone, and they appear to be mostcoid dose and symptom scores without increases in disease
prominent in lymphoid organs that contain the greatest activity.'’>'’2 However, in a smaller open-label trial of 6
ability to convert DHEAS to DHEA. Investigators argue postmenopausal women and 5 elderly men with rheuma-
that replacement therapy with DHEA should restore the toid arthritis, supplementation with 200 mg of DHEA daily
normal immunocompetence that tends to be lost with for 16 weeks was of no benefit in either clinical or labora-
aging?e® tory measures of disease actiwity.

In an open-label 20-week study of 9 healthy men (mean
age, 63 years) taking 50 mg of DHEA daily, Khorram et ADVERSE EFFECTS AND POTENTIAL LIMITATIONS
al**” found that DHEA had beneficial effects on immune OF DHEA USE
function by increasing the number of B cells, monocytes, In most studies, adverse effects are common but minor.
natural killer cells, T-cell receptors, and IL-2 receptors. They usually occur in women and are due to the androgenic
This increase in the expression of the IL-2 receptor enabledeffects. The most common adverse effect is increased skin
enhancement of the T-cell responsiveness to mitogensebum production, leading to perceived “greasiness” and
stimulation. All these effects decline during physiological acne'’? However, many women previously reported that
aging. The significant increase in natural killer cell cyto- this change is beneficial and that before DHEA replace-
toxicity in DHEA-treated subjects was potentially related ment their skin was excessively dry. This effect is revers-
to the increased number of natural killer cells, both eventsible when DHEA is withdrawn.
being mediated by DHEA-induced IL-2 stimulatitsh. Of greater concern are the reports of mild elevations in
This potential enhancement of the immune system has ledserum transaminase levels. These occur within a few weeks
to studies using DHEA as a vaccine adjuvant. Although after initiation of DHEA. However, these increases have
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Table 6.Summary of Human Studies Analyzing Effects of DHEA Replacement on Bone*

DHEA
Type of subject Type of Dose
and age (y) Sex (No.) study (mg/d) Duration Results Reference
Healthy volunteer
50-74 M (260); F (162) O NA NA No correlation between DHEA levels Barrett-Connot®et al
and BMD at any site
Not givent F (13) P, R 25 6 mo No effects on bone turnover markers Cassbi et al
or BMD
60-79 M (140); F (140) P,R,C 50 12 mo In men, no effects on bone turnover Bauli&t et al
markers or BMD; in women,
positive effect in BMD at several
sites
50-69 M (22) P,R,C 50 4 mo No effects on bone turnover markers Arftet al
56-80 M (43) P,R 90 6 mo No effects on bone turnover markers Kahn & Hafforan
60-70 F (14) oL 10% 12 mo Significant increase in BMD and Labrie'&t al
cream significant decrease in bone turnover
markers
64-82 M (8); F (10) oL 50 6 mo Significant increases in total body and Villareal*et al
spinal BMD
Hypoadrenal
23-59 F (24) P,R,C 50 4 mo Increase in serum osteocalcin with Callié¥et al
no change in urinary cross-link
excretion
26-69 M (15); F (24) P,R,C 50 3 mo No effects on bone turnover markers Hufit et al
or BMD
25-65 F (38) R (OL) 30 (<45Yy), 6 mo No effects on bone turnover markers Johanns$én et al
20 @45vy) or BMD

With anorexia
14-28 F (61) R 50 12 mo Significantly reduced levels of bone Gordofet al
resorption markers;
nonsignificant maintenance of hip
and spinal BMD

*BMD = bone mineral density. See footnote to Table 1 for expansion of other abbreviations.
tPostmenopausal.

not caused any subjects to withdraw from a study. Addi- This issue needs to be fully addressed in long-term studies
tionally, effects have either been reversed when the drugin humans.
was discontinued or have regressed after a few weeks of
drug therapy? Nonsignificant increases in hemoglobin and AVAILABILITY OF DHEA IN THE UNITED STATES
hematocrit have been reported in some trials, possibly duerhe International Olympic Committee banned DHEA use
to the androgenic effects of DHEA metabolites. because of its conversion to sex hormones and thus its
Other milder adverse effects include an increase in per-potential to be used as a drug of abuse. The Food and Drug
spiratior”!*®* and body hair—especially facial, axillary, Administration also banned the substance until the passage
and pubic haif?%¥5”Rarely, hair loss has been reporfed. of the Dietary and Supplement Health and Education Act of
Other adverse effects include abdominal pain, metror- 1994, when this ruling was overturned. DHEA is now
rhagia, asthenia, insomnia, rash, weight gain, and breasfreely available in pharmacies and health food stores,
tendernes®?These adverse effects occurred with higher where it is classified as a food supplement. This is despite
doses of DHEA (100 mg and 200 mg), were transitory, andthe fact that DHEA is not a food, that DHEA does not
were reversed after withdrawal of the drug. naturally appear in the human food chain, and that no
There are serious potential risks with the use of DHEA. foodstuff can perform the physiological role of DHEA. It
Although several rodent models have shown that the usecan be sold directly to the public as long as no claims are
of DHEA prevents tumorigenesi¥, the use of supra- made about therapeutic efficacy. In an attempt to reduce the
pharmacological doses of DHEA has resulted in an potential abuse of DHEA, a bill was recently introduced to
increase in hepatocellular carcinoffaBecause of the  the US House of Representatives that aims to restrict over-
conversion of DHEA into androgens and estrogens, usethe-counter sale of DHEA and other androgenic steroid pre-
of supplemental DHEA in individuals with a history of cursors'® The manner in which passage of this bill would
sex hormone—dependent malignancy, such as prostateaffect those who may derive benefit from DHEA, such as
breast, or endometrial cancer, remains a valid concernhypoadrenal and elderly subjects, remains to be determined.
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In the United States, food supplements are not required 7
to undergo strict safety and efficacy testing, and thus there
are issues of quality contrtf.One study showed that the 8.
quantity of DHEA from different manufacturers in several
different doses varied from 0% to 150% of what the label
claimed was in the product. 9.

SUMMARY AND CONCLUSIONS 10.

DHEA and DHEAS are intriguing hormones. Their me-
tabolites have a variety of effects on several physiological
systems, and yet little is known about the role of either
DHEA or DHEAS in normal physiology. It is still unclear
whether aging should be classified as a DHEA-deficient 12.
state. In hypoadrenal subjects, DHEA deficiency is asso-
ciated with a lower quality of life. However, these hor-
mones are not essential for life because hypoadrenal sub-13.
jects and those who have undergone adrenalectomy who
have little orno circulating DHEA do not have shortened
life spans®

Evidence supports the use of DHEA in hypoadrenal
subjects (Tables 1-5). The lay press has widely promoted
the use of DHEA in normal healthy individuals, and body- 15.
builders promote its use as a method to increase muscle
mass. However, many of the claims made on Internet Web 16.
sites (“fountain of youth,” “prevents diabetes,” “prevents
aging,” “boosts the immune system,” etc) fail to mention
that most of these studies were performed either in vitro or 17
in animals. These reports are further misleading because
they fail to state that the results were usually a response to
highly suprapharmacological doses of DHEA. The degree
of quality control of the substances currently marketed is a
concern. Finally, there are valid concerns about the use of 1%
DHEA in individuals with a history of sex hormone—de-
pendent malignancies. Large-scale human studies are
needed to address these intriguing issues.

14.

21.
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