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Abstract

Adrenal function and aging have been the object of intense interest recently, especially as regards dehydroepiandrosterone sul-
fate (DHEA-S), which is of major importance, since it is distinct from cortisol and aldosterone in declining with age. In a group
of healthy old Tunisians, we investigated the association between cortisol and DHEA-S, on the one hand, and age, sex, lifestyle,
physical health, including the body mass index (BMI), physical activity, and smoking indicators, on the other hand. We observed
that cortisol concentrations did not change with aging, while DHEA-S concentrations decrease with age in both sexes. Cortisol/
DHEA-S ratio, however, increases with aging. Our results revealed that DHEA-S levels are affected neither by physical activity nor
by weight. It appears also that current smoking could not affect the level of DHEA-S. Relationships were found between DHEA-S
concentrations and BMI, then between DHEA-S levels and serum cholesterol, triglycerides and calcium. No modification in the
morning serum cortisol was found to be associated with aging. Decrease in DHEA-S levels is, however, clearly associated with this
phenomenon. High cortisol/DHEA-S ratio accelerates the occurrence of some adult diseases, such as diabetes mellitus, atheroscle-
rosis, dementia, and osteoporosis. Generally, the adrenal insufficiency marked by a cognitive impairment, immune disorders, sexual
dysfunction, and scores for depression and anxiety can be corrected by a replacement of deficient DHEA-S. To cite this article:
O. Chehab et al., C. R. Biologies 330 (2007).
© 2007 Académie des sciences. Published by Elsevier Masson SAS. All rights reserved.

Résumé

Statut hormonal du cortisol et du sulfate de déhydroépiandrostérone chez une population tunisienne âgée. La fonction
adrénaline et le vieillissement ont fait l’objet d’un intérêt intense, en particulier le sulfate de déhydroépiandrostérone (DHEA-S),
qui est d’importance majeure, puisqu’il est distinct du cortisol et de l’aldostérone dans la diminution avec l’âge. Dans un groupe âgé
issu de la population tunisienne, nous avons étudié l’association entre cortisol et DHEA-S, d’une part, et l’âge, le sexe, le style de
vie, l’état de santé, comprenant l’indice de masse corporelle (IMC), l’activité physique et les indicateurs de tabagisme, d’autre part.
Nous avons observé que les concentrations en cortisol n’ont pas changé avec le vieillissement. Néanmoins, les concentrations du
DHEA-S diminuent avec l’âge chez les deux sexes. Cependant, le rapport cortisol/DHEA-S augmente avec le vieillissement. Nos
résultats ont indiqué que les niveaux du DHEA-S ne sont affectés, ni par l’activité physique, ni par le poids. Il s’avère également
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que le tabagisme pourrait ne pas affecter le niveau du DHEA-S. Des corrélations ont été trouvées entre DHEA-S et IMC, puis entre
DHEA-S et cholestérol, triglycérides et calcium. Chez notre population, le vieillissement est associé à un niveau stable du cortisol
et un niveau diminué du DHEA-S. Cependant, un rapport cortisol/DHEA-S élevé accélère l’occurrence de maladies telle que le
diabète, l’athérosclérose, la démence et l’ostéoporose. Généralement, l’insuffisance adrénaline, marquée par un affaiblissement
cognitif, des désordres immunitaires, un dysfonctionnement sexuel et une dépression, peut être corrigée par un remplacement du
DHEA-S. Pour citer cet article : O. Chehab et al., C. R. Biologies 330 (2007).
© 2007 Académie des sciences. Published by Elsevier Masson SAS. All rights reserved.
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1. Introduction

Aging is accompanied by a progressive and al-
most universal decline of the physiological functions
involved in maintaining the body’s composition and
homeostasis during action, emotion and, possibly, re-
sponse to aggression [1]. However, the two adrenal
steroid hormones [2,3], cortisol and dehydroepiandros-
terone (DHEA), influence the age-related processes
of energy metabolism, fat-depot distribution, immune
function, and play a significant role in human aging [4–
7]. Nevertheless, the functions of DHEA and of its
sulfate ester dehydroepiandrosterone (DHEA-S) may
be difficult to interpret due to its ubiquitous presence
and influence in multiple systems in the human body [4,
5]. Although the importance of DHEA-S as a sex hor-
mone precursor in older individuals is established [8],
the physiological role of this hormone is still poorly un-
derstood and remains to be clearly defined [2,3,9,10].

DHEA-S is also thought to act directly as a neu-
roactive steroid [11–13], and may have immunoen-
hancing [9], cardioprotective, antidiabetic, and antiobe-
sity properties [7,14]. Its beneficial effects on lipid
metabolism, atherosclerosis [15], osteoporosis, and
memory retention have recently attracted widespread
attention [16]. Besides, an inhibiting role of the glucose-
6-phosphate-dehydrogenase, enzyme involved in car-
cinogenesis, lipogenesis, and production of toxic oxy-
gen free radicals, has been attributed to DHEA-S [5,17].

Moreover, DHEA and DHEA-S have a pattern of se-
cretion that is age-associated [18]. In normal subjects,
serum DHEA-S levels peak by the second decade of life
and then decline steadily by an average of about 10%
per decade. After the age of 80, DHEA-S levels drop to
10–20% of the peak levels [16,17,19,20]. DHEA-S se-
cretion decline with aging has led to the suggestion that
DHEA might prevent this process and even to the un-
substantiated recommendation that elderly people take
DHEA as a food supplement in order to remain biologi-
cally young [21]. This has generated major interest in
its putative role as an ‘anti-aging’ steroid [10,13,16].
Moreover, DHEA and its sulfated metabolite are re-
garded as biomarkers of aging [22,23].

Cortisol is an integral part of the hypothalamic-
pituitary-adrenal (HPA) axis’ response to stress. Grow-
ing evidence supports the view that chronic cortisol ex-
cess may lead to hippocampal atrophy [24] and cogni-
tive impairments [24,25] during aging. Cortisol has also
diverse metabolic actions, including regulating lipoly-
sis and visceral fat accumulation [26]. Although the
steroidogenic changes in cortisol levels are thought to
worsen some age-related diseases, their exact biologi-
cal significance is not completely understood [8,27,28].

Thus, it is clear that changes in adrenal endocrine
function with aging may have far-reaching physiolog-
ical significance [8]. Moreover, over a lifetime, some
adrenocortical hormones change dramatically and oth-
ers little if at all [6,20,27,28]. Consequently, in recent
years, the relation between the adrenal function and ag-
ing has been the subject of intense interest [27,28].

The objective of the present research is to study
DHEA-S and cortisol levels in relation to the aging
process. Therefore, we examined the serum concentra-
tions of those steroid hormones in a sample of 63 elderly
subjects aged 65–96 years. We explored the influences
of age and gender on those concentrations and on the
molar ratios of cortisol/DHEA-S. Then, we studied the
relation between changes in DHEA-S and cortisol lev-
els and some parameters like body mass index, physical
activity, smoking indications, and lifestyle (urban and
rural).

2. Materials and methods

2.1. Subjects

This study invited 63 healthy elderly Tunisian vol-
unteers (30 men and 33 women), aged from 65 to 96
(75.17 ± 7.66). During a home visit, a standardized
questionnaire was administered, covering, among other
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areas, socio-demographic background, medical history,
medication use, physical activity, cigarette smoking,
and alcohol consumption. Past and current use of oe-
strogen, alone or in combination with a progestin, was
ascertained. Current hormone users were excluded from
this study. However, current smokers were defined as
those who replied “yes” to the question “Do you smoke
cigarettes now?” Steroid users were defined as those
who replied “yes” to the question “Have you ever taken
steroid tablets or injections for three months or more?”
Women receiving hormone-replacement therapy (HRT)
were defined as those who replied “yes” to the question
“Are you currently receiving any HRT?”

All the subjects underwent clinical and laboratory
examinations. People suffering from endocrine diseases
including diabetes and hypertension as well as Parkin-
son’s disease or other neurological disorders were ex-
cluded as far as possible. No subject took any drug or
received any medical treatment immediately before or
during this study. The study was approved by an ethical
committee, and all the subjects gave written informed
consent before participating in this work.

Blood samples for hormones assay were obtained
by venipuncture between 07.30–09.30 a.m., after a re-
quested 12-h fasting. The blood was allowed to clot for
30 min at room temperature, and serum was separated
by centrifugation at 1500g for 15 min, then kept frozen
at −20 ◦C until analysis.

2.2. Hormonal measurements

Serum total cortisol and DHEA-S concentrations
were determined by the electrochemiluminescence im-
munoassay method ‘ECLIA’, as recommended by the
manufacturers (Roche, Germany), and using the Elec-
sys 2010 and Modular Analytics E170 (Elecsys module)
immunoassay analyzers. The measuring range, which
was defined by the lower detection limit and the max-
imum of the master curve of the assay for cortisol and
for DHEA-S, were, respectively, 0.5–1750 nmol/l and
0.003–27 µmol/l.

Seeing that DHEA-S may antagonize the actions of
cortisol [29,30] cortisol/DHEA-S ratios were calculated
after a simple arithmetic division.

2.3. Other measurements

At the health check, height and weight were mea-
sured in light clothing without shoes. The body mass
index (BMI) was calculated as weight in kilograms di-
vided by height in metres squared (weight/height2).
BMI (kg/m2) was used as an estimate of obesity. Con-
sequently, the normal weight was obtained when BMI
varied from 19 to 25 kg/m2. Blood pressure was mea-
sured twice by using an Accutor after the participant had
been seated at rest for 5 min, and the mean of the two
readings was used for analysis. Serum total cholesterol,
triglycerides, and calcium were also determined at the
biochemistry laboratory.

2.4. Statistical analysis

Conventional standard statistical methods (mean and
SD, Student’s test, ANOVA) were used to analyze
the data. All statistical analyses were carried out with
programs from SPSS statistical version 11.0 for Win-
dows. So the SPSS was used to determine the relation-
ships between age, sex, cortisol, DHEA-S, and cortisol/
DHEA-S ratios. The results are presented as the mean
± SD. P < 0.05 was considered statistically significant.

3. Results

Sixty-three elderly individuals were investigated for
the association between two adrenal steroid hormones
and aging. The average age of the participants was
75.17 ± 7.66 years. A questionnaire revealed that no
women smokes or carries out a physical activity. For all
subjects, no abnormal findings after clinical examina-
tions and laboratory analysis covering haematological
and biochemical aspects were evidenced.

Table 1 reports all the characteristics of the stud-
ied subjects. The men had a lower BMI and higher
heights and weights than the women. The BMI declines
with increasing age in all subjects. In the studied pop-
ulation, the BMI values were negatively correlated
with the cortisol concentrations (Fig. 1), but positively
correlated with DHEA-S concentrations (Fig. 2). The
cortisol/DHEA-S ratio was positively related to age
(P < 0.05) (Fig. 3).

For men, current smoking has no influence on the
variation of the morning cortisol rate. In addition, smok-
ing had no relationship with levels of DHEA-S and
smokers have lower ratios of cortisol/DHEA-S than
non-smokers do. Physical activity and weight were not
related to adrenal hormone levels in men or women con-
sidering age and BMI.

Our results revealed that DHEA-S levels were signif-
icantly different between three groups: 65–75-, 76–85-,
and 86–96-year-olds (F = 2.10, ANOVA p < 0.02), but
there was no significant difference in serum cortisol lev-
els among these three groups. ANOVA analysis shows
also that cortisol concentrations were almost maintained
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Table 1
Baseline characteristics of this study’s subjects

Status variable Men (n = 30) Women (n = 33)

Mean ± DS range Mean ± DS range

Age (year) 75.73±7.21 (65–92) 74.66±8.01 (65–96)

Height (cm) 165.43±10.58* (145–190) 157.27±12.39* (130–185)

Weight (kg) 64.03±10.85 (45–83) 61.93±14.80(40–100)

BMI (kg/m2) 23.25±2.38* (18.66–27.99) 25.21±3.83*(18.10–35.29)

DHEA-S (µmol) 1.66±1.12* (0.12–4.68) 1.03±0.62*(0.04–2.49)

Cortisol (nmol/l) 282.42±99.46 (94.10–538.60) 325.54±134.00 (90.69–653.70)

Cortisol/DHEA-S ratio 0.32±0.31 (0.03–1.36) 0.66±1.03(0.09–5.94)

Calcium (mmol/l) 2.29±0.19 (1.80–2.90) 2.27±0.22(1.81–2.90)

Cholesterol (mmol/l) 4.41±0.94 (3.0–6.6) 4.68±0.88(3.1–6.9)

Triglycerides (mmol/l) 1.15±0.80 (0.51–2.5) 1.60±1.03 (0.53–2.5)

Systolic blood pressure (mm Hg) 138.60±10.80 (125–148) 136.00±13.20 (123–150)

Diastolic blood pressure (mm Hg) 72.30±8.00 (64–81) 69.30±7.30 (62–77)

n = 63: 30 men and 33 women, 65–96 years old. (n, number of observations; BMI, body mass index). Data shown are mean ± DS, with range.
* P value <0.05.
Fig. 1. Relation between BMI (kg/m2) and serum cortisol concen-
trations in a Tunisian population sample aged 65–96 years. Points
are individual cortisol concentrations (nmol/l). y = 266.30 − 2.85x;
R2 = 0.02 (linear regression with 95.00% mean prediction interval).

with age, but that the DHEA-S levels were decreased
(Figs. 4 and 5). The cortisol/DHEA-S ratios varied from
one group to another.

There is no influence of lifestyle of rural and urban
persons on the morning cortisol and DHEA-S levels in
both women and men.

Biologic parameters such as cholesterol (Fig. 6),
triglycerides (Fig. 7), and calcium were studied. Those
parameters were positively related to DHEA-S, and they
show a significant correlation (P < 0.05).
Fig. 2. Relation between BMI (kg/m2) and serum DHEA-S concen-
trations in a Tunisian population sample aged 65–96 years. Points
are individual DHEA-S concentrations (µmol/l). y = 0.06x − 0.12;
R2 = 0.05 (linear regression with 95.00% mean prediction interval).

4. Discussion

The human adrenal cortex, which undergoes dra-
matic steroidogenic modifications throughout life [8,22,
27,28], secretes not only the essential hormones cortisol
and aldosterone, but also DHEA [20]. The production of
cortisol and of adrenacorticotrophic hormone (ACTH)
is not substantially modified by aging, although a few
studies report a slight increase in cortisol with age [6,
20,31]. Other reports, however, noticed a cortisol de-
crease, though smaller than that of other peripheral hor-



O. Chehab et al. / C. R. Biologies 330 (2007) 755–763 759
Fig. 3. Relation between cortisol/DHEA-S ratio and age in a Tunisian
population sample aged 65–96 years. Points are individual corti-
sol/DHEA-S ratio. y = −6.79 + 0.10x; R2 = 0.06 (linear regression
with 95.00% mean prediction interval).

Fig. 4. Relation between age and morning serum (08:00) cortisol con-
centrations in a Tunisian population sample aged 65–96 years. Points
are individual cortisol concentrations (nmol/l). y = 228.45 − 0.41x;
R2 = 0.001 (linear regression with 95.00% mean prediction interval).

mones [32]. Adrenal androgens such as DHEA and
DHEA-S have been reported to decline with age [6,
20,31]. The DHEA ontogenic secretion pattern is age-
associated [1,19], and its fall in elderly subjects has
been hypothesized to be involved in the human aging
processes [32].
Fig. 5. Relation between age and morning serum (08:00) DHEA-S
concentrations in a Tunisian population sample aged 65–96
years. Points are individual DHEA-S concentrations (µmol/l).
y = 3.05 − 0.025x; R2 = 0.04 (linear regression with 95.00% mean
prediction interval).

Fig. 6. Relation between DHEA-S concentrations and choles-
terol levels in a Tunisian population sample aged 65–96 years.
y = 4.41 + 0.08x; R2 = 0.00 (linear regression with 95.00% mean
prediction interval).

Our results revealed no relation between aging and
morning serum cortisol. In fact, the cortisol level has
remained unchanged in all subjects. Our findings are
compatible with de Bruin et al. [33], and Ravaglia et
al. [34], to cite but a few. The latter reported that serum
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Fig. 7. Relation between DHEA-S concentrations and triglyc-
erides levels in Tunisian population sample aged 65–96 years.
y = 1.25 + 0.11x; R2 = 0.01 (linear regression with 95.00% mean
prediction interval).

cortisol levels do not change throughout life. It has been
suggested that there is an ‘adrenopause’, characterized
by low value of blood DHEA-S with maintenance of the
cortisol level [13,34–36]. Another study, which found
no interaction between age and gender for any cortisol
parameter [37], does again agree with our findings.

Recent evidence challenges the view that glucocorti-
coid function is not altered by aging [14,37]. Neverthe-
less, others studies reported gender-specific age-related
alterations of the HPA axis [8,38]. Zhao et al. [39] found
that cortisol rates increase significantly with age, in
healthy elderly subjects of both sexes. Laughlin et al.
found higher levels of cortisol in women than in men
throughout the 50–89 years age range [8]. Moreover,
some studies have demonstrated a 20–50% increase in
24-h mean cortisol levels between 20 and 80 years of
age [13,14,37]. Many 24-h studies have now demon-
strated higher cortisol levels in older than in younger
adults.

To our knowledge, HPA axis overactivity, related to
stress and possibly to aging, leads to increased corti-
sol and ACTH levels [40,41]. The progressive elevation
of morning cortisol levels in healthy elderly individ-
uals of both sexes could be independent of adiposity.
Moreover, in certain cases, the random morning sam-
pling may have underestimated the association of age
with cortisol [8]. Other biological factors, such as the
corticosteroid-binding globulin (CBG) may be behind
the increase of total cortisol [8].

This divergence may be also due to differences in
geographic and ethnic origins and/or diet and life style
that may affect blood hormone patterns [39,42]. These
factors should be further explored as they could have
significant implications in all age-related processes that
differ with sex [39]. However, other biological mea-
surements can explain this discrepancy [43]. Thus, the
well-known age-related change in adrenal androgens
persisted into advanced age for both men and women,
and exhibited a gender-specific pattern [8].

The secretion and circulating levels of the adrenal
steroid DHEA and its sulfate (DHEA-S) decrease with
aging [19]. Serum levels of DHEA-S are the highest of
all steroids in humans [44,45]. Its long half-life (≈8–
10 h), limited diurnal variations, and lack of noticeable
changes of metabolism in aging make the serum level a
convenient marker of its adrenal production [44]. In ad-
dition, the decline of DHEA-S with age has led to con-
sidering the intriguing possibility that its serum levels
are related to the development of age-associated ‘nor-
mal’ changes [46]. Moreover, the decline of this gluco-
corticosteroid with aging has led to the suggestion that
DHEA-S could be implicated in longevity [9].

In an elderly Tunisian population sample, the levels
of DHEA-S appeared to be related to aging and were
significantly low. Our results confirm the findings of the
several studies that have investigated the association be-
tween the DHEA-S and aging and of those that found
clear differences in DHEA and DHEA-S between young
and elderly humans [8,33]. In addition, the uneven de-
crease of serum DHEA-S in our different age groups
may be explained by the significant influence of genetic
components on DHEA-S levels, as suggested by Rot-
ter et al. [47]. Several other biological factors, namely
sex, have been found to influence DHEA-S concentra-
tions [19,48].

Our study indicates that DHEA-S concentrations are
higher in men compared with women. DHEA-S con-
centration declines with age [13] and remains 10–20%
higher in men than in women [49]. This difference ac-
cording to sex is in agreement with today’s understand-
ing of the course of physiological DHEA production
in humans [50]. Moreover, the physiological effects of
DHEA-S may differ in men and women and may de-
pend on the predominance of other sex hormones such
as oestrogens [51]. The effect of DHEA-S level seems
to be less important in women than in men, possibly
because of different hormonal metabolisms of DHEA
and DHEA-S [31,36]. Thus, gender differences may ex-
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ist biologically and DHEA-S may play a distinct role in
the sexes for hormonal reasons [35].

Our results are in agreement with previous studies [7,
8,31,35], which found a significant inverse correlation
of DHEA-S concentration with age, a higher DHEA-S
level in men, and significantly lower values of DHEA-S
in women. Other case studies of subjects aged 85 and
over found that DHEA-S values in women tended to be
higher than those in men are, but the difference did not
achieve statistical significance [17,34].

DHEA-S may act as a glucocorticoid antagonist to
cortisol in a number of systems [25,29,30]. In agree-
ment with some studies [45], our data show that in
63 subjects, there is a relation between the cortisol/
DHEA-S ratios and age. However, the significance of
the higher molar ratio of cortisol/DHEA-S in women
and its increase with age in both sexes is not clear [8].

Aging itself is known to cause a decrease in muscle
mass and an increase in abdominal adipose tissue [52],
but it is still unknown if DHEA-S may affect body
composition. In agreement with several studies [34]
and in opposition to others [7,50], a relationship be-
tween DHEA-S concentrations and BMI was observed
in healthy elderly Tunisian subjects. Still, the highest
BMI rates were correlated to the highest DHEA-S con-
centrations in women, but not in men. This result could
be explained by the status of the body’s energy reserves,
as well as by a modification of the eating habits of
the old person. In fact, research [34,53] found a di-
rect relationship between DHEA-S and BMI in men,
and explained this relation by a better nutritional status.
Moreover, to our knowledge, in aging humans, the fail-
ure of adrenal androgen secretion is accompanied with
other endocrine-metabolic features that include changes
in body composition including the increase of fat mass
and the loss of muscular mass [52]. Thus, the DHEA-S
may be regarded as a marker of general health status and
could therefore be related to aging [25].

Our population exhibited no relation between DHEA-
S and cortisol levels and the lifestyle of rural and urban
persons, on the one hand, and physical activity on the
other. These findings concerning the physical activity
contrast with the data reported by Ravaglia et al. [34]
and by Berkman et al. [54], suggesting a direct relation-
ship between DHEA-S levels and physical performance.

Our study found no relationship between DHEA-S
levels and cigarette smoking. These findings contrast
with the data that showed that smoking was posi-
tively associated with DHEA-S [51]. Mazat et al.,
however, found an interaction between smoking habits
and DHEA-S levels in men, but not in women [31].
Thus, tobacco consumption may have a direct effect on
DHEA-S level, despite the controversial results ob-
tained: several authors found a higher level of DHEA-S
in smokers [15,55], while others did not [56], or even
found the opposite [19,57]. The relation between corti-
sol levels and smoking has not been fully investigated
yet.

Our results also revealed a positive relationship be-
tween circulating DHEA-S and lipid profile, on the one
hand, and DHEA-S and calcium, on the other hand.
Concerning the lipid profile including total cholesterol
and triglycerides, we found a positive correlation be-
tween these biological parameters and the DHEA-S
concentrations. These findings were in agreement with
the epidemiological data reported by Barrett-Conner
et al. [58] suggesting a higher cardiovascular risk in
old subjects, especially in postmenopausal women with
higher DHEA-S levels. Nevertheless, our findings were
in disagreement with the data reported by Ravaglia et
al. [34] suggesting a slight negative relationship be-
tween DHEA-S and triglycerides in women over 90, and
no relationship between the variation of DHEA-S and
HDL-cholesterol. Ravaglia et al. observed no relation-
ship of DHEA-S with lipid profile in men. Rudman et
al. [48] and Hauner et al. [59] failed to find a correlation
between DHEA-S levels and cardiovascular risk in el-
derly men. Barrett-Conner et al. [15], however, showed
an inverse relationship between DHEA-S and lipid pro-
file in men over 50. The findings about the lipid profile
and its relation with the DHEA-S concentrations are still
contradictory.

As for calcium, it was shown that the osseous min-
eral loss that occurs at the menopause is, at least, partly
due to the rapid decline of the DHEA [60]. In the same
way, DHEA-S levels are positively associated with bone
mineral density at three sites in women, but not in men.
The gender specificity extends to bone metabolism as
well [61].

In elderly Tunisian population, the aging process ap-
pears to affect cortisol and DHEA-S secretions in dif-
ferent ways: we found that morning cortisol level did
not change and that the DHEA-S level decreases with
age. We also found a sex-related difference in morn-
ing DHEA-S and cortisol levels. Further exploration is
needed mainly for cortisol because of its important im-
plications in all age-related processes that differ with
gender. Moreover, DHEA-S plays different roles ac-
cording to gender. In fact, the metabolism of DHEA-S
somewhat differs from men to women [31,36]. Up to
now, we are unable to draw any deduction as to the
role of these observed differences, mainly because the
DHEA role in aging is still controversial [36]. However,
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endocrinological abnormalities have been pointed out as
causes and/or consequences of aging itself.

DHEA-S has a pattern of secretion that is age-
related [18], and the decline of this steroid has been
pursued as a major factor in the development of age-
associated disorders [62]. The use of DHEA-S, as a ther-
apeutic agent, can be recommended for old people to
correct some disorders caused by aging. Nevertheless,
the knowledge of the mechanisms involved in DHEA-S
action and the interaction of DHEA-S and cortisol or
DHEA-S and other neurohormones is indispensable.

References

[1] É.-É. Baulieu, Dehydroepiandrosterone (DHEA): a fountain of
youth? J. Clin. Endocrinol. Metab. 81 (1996) 3147–3151.

[2] F. Labrie, A. Bélanger, L. Cusan, B. Candas, Physiological
changes in dehydroepiandosterone are not reflected by serum
levels of active androgens and estrogens but of their metabolites:
intracrinology, J. Clin. Endocrinol. Metab. 82 (1997) 2403–2409.

[3] W. Arlt, H.-G. Justl, F. Callies, M. Reincke, D. Hubler, M. Oettel,
M. Ernst, H.M. Schulte, B. Allolio, Oral dehydroepiandrosterone
for to adrenal androgen replacement: pharmacokinetics and pe-
ripheral conversion to androgens and estrogens in young healthy
females after dexamethasone suppression, J. Clin. Endocrinol.
Metab. 83 (1998) 1928–1934.

[4] M. Bonnefoy, T. Kostka, M.-C. Patricot, S.E. Berthouse, B.
Mathian, J.-R. Lacour, Physical activity and dehydroepiandros-
terone sulfate, insulin-like growth factor I and testosterone in
healthy active elderly people, Age Ageing 27 (1998) 745–751.

[5] S. Bastianetto, C. Ramassamy, J. Poirier, R. Quirion, Dehy-
droepiandosterone (DHEA) protects hippocampal cells from ox-
idative stress-induced damage, Brain Res. Mol. Brain Res. 20
(1999) 35–41.

[6] C.P. Parker, Dehydroepiandosterone and dehydroepiandosterone
sulfate production in the human adrenal during development and
aging, Steroids 64 (1999) 640–647.

[7] M. Ledochowski, C. Murr, M. Jäger, D. Fuchs, Dehydroepian-
dosterone, ageing, and immune activation, Exp. Gerontol. 36
(2001) 1739–1747.

[8] G. Laughlin, E. Barrett-Connor, Sexual dimorphism in the influ-
ence of advanced aging on adrenal hormone levels: the rancho
Bernatdo study, J. Clin. Endocrinol. Metab. 85 (2000) 3561–
3568.

[9] F. Svec, J.R. Porter, The actions of exogenous dehydroepiandros-
terone in experimental animals and humans, Proc. Soc. Exp.
Biol. Med. 218 (1998) 174–191.

[10] B. Allolio, W. Arlt, DHEA treatment: myth or reality?, Trends
Endocrin. Metab. 13 (2002) 288–294.

[11] É.-É. Baulieu, P. Robel, Dehydroepiandrosterone (DHEA) and
dehydroepiandrosterone sulfate (DHEAS) as neuroactive neu-
rosteroids, Proc. Natl Acad. Sci. USA 95 (1998) 4089–4091.

[12] M. Vallee, W. Mayo, M. Le Moal, Role of pregnenolone, dehy-
droepiandosterone and their sulfate esters on learning and mem-
ory in cognitive aging, Brain Res. Rev. 37 (2001) 301–312.

[13] W. Arlt, Dehydroepiandrosterone and ageing, Best Pract. Res.
Clin. Endocrinol. Metab. 18 (2004) 363–380.

[14] S.S.C. Yen, G.A. Laughlin, Aging and the adrenal cortex, Exp.
Gerontol. 33 (1998) 897–910.
[15] E. Barrett-Conner, K.T. Khaw, S.S.C. Yen, A prospective study
of dehydroepiandrosterone sulfate, mortality, and cardiovascular
disease, N. Engl. J. Med. 315 (1986) 1519–1524.

[16] H. Nawata, T. Yanase, K. Goto, T. Okabe, K. Ashida, Mechanism
of action of anti-aging DHEA-S and the replacement of DHEA-
S, Mech. Ageing Dev. 123 (2002) 1101–1106.

[17] E.G. Birkenhager-Gillesse, J. Derksen, A.M. Lagaay, Dehydro-
epiandrosterone sulphate (DHEAS) in the oldest old, aged 85 and
over, Ann. N.Y. Acad. Sci. 719 (1994) 543–552.

[18] N. Thomas, H. Morris, F. Scopacasa, J.M. Wishart, G. Need,
Relationships between age, dehydroepiandrosterone sulfate and
plasma glucose in healthy men, Age Ageing 28 (1999) 217–220.

[19] N. Orentreich, J.L. Brind, J.H. Vogelmen, R. Andres, H. Bald-
win, Long-term longitudinal measurements of plasma dehy-
droepiandosterone sulfate in normal men, J. Clin. Endocrinol.
Metab. 75 (1992) 1002–1004.

[20] P.D. Kroboth, F.S. Salek, A.L. Pittenger, T.J. Fabian, R.F. Frye,
DHEA and DHEA-S: a review, J. Clin. Pharmacol. 39 (1999)
327–348.

[21] W. Oelkers, Dehydroepiandosterone for adrenal insufficiency,
N. Engl. J. Med. 341 (1999) 1073–1074.

[22] A. Vermeulen, Dehydroepiandosterone sulfate, and aging, Ann.
N. Y. Acad. Sci. 774 (1995) 121–125.

[23] G.S. Roth, M.A. Lane, D.K. Ingram, J.A. Mattison, D. Elahi, J.D.
Tobin, D. Muller, E.J. Metter, Biomarkers of caloric restriction
may predict longevity in humans, Science 297 (2002) 811.

[24] R.M. Sapolsky, Glucocorticoids, stress, and their adverse neu-
rological effects: relevance to aging, Exp. Gerontol. 34 (1999)
721–732.

[25] S. Kalmijn, L.J. Launer, R.P. Stolk, F.H. De Jong, H.A.P. Pols,
A. Hofman, M.M.B. Breteler, S.W.J. Lamberts, A prospective
study on cortisol, dehydroepiandrosterone sulfate, and cognitive
function in the elderly, J. Clin. Endocrinol. Metab. 83 (1998)
3487–3492.

[26] P. Marin, S. Arver, Androgens and abdominal obesity, Balliere’s
Clin. Endocrinol. Metab. 12 (1998) 441–451.

[27] Y. Touitou, E. Haus, Alteration with aging of the endocrine and
neuroendocrine circadian system in humans, Chronobiol. Int. 17
(2000) 369–390.

[28] E. Ferrari, L. Cravello, B. Muzzoni, D. Casarotti, M. Paltro,
S.B. Solerte, M. Fioravanti, G. Cuzzoni, B. Pontiggia, F. Magri,
Age-related changes of the hypothalamic-pituitary-adrenal axis:
pathophysiological correlates, Eur. J. Endocrinol. 144 (2001)
319–329.

[29] K.L. Blauer, M. Poth, W.M. Rogers, E.W. Bernton, Dehydro-
epiandrosterone antagonises the suppressive effects of dexam-
ethasone on lymphocyte proliferation, Endocrinology 129 (1991)
3174–3179.

[30] M. May, E. Holmes, W. Rogers, M. Poth, Protection from gluco-
corticoid induced thymic involution by dehydroepiandrosterone,
Life Sci. 46 (1991) 1627–1631.

[31] L. Mazat, S. Lafont, C. Berr, B. Debuire, J.-F. Tessier, J.-F.
Dartigues, É.-É. Baulieu, Prospective measurements of dehydro-
epiandrosterone sulfate in a cohort of elderly subjects: relation-
ship to gender, subjective health, smoking habits, and 10-year
mortality, Proc. Natl Acad. Sci. USA 98 (2001) 8145–8150.

[32] R.H. Straub, M. Cutolo, B. Zietz, J. Schölmerich, The process of
aging changes the interplay of the immune, endocrine and ner-
vous systems, Mech Ageing Dev. 122 (2001) 1591–1611.

[33] V.M.S. de Bruin, M.C.M. Vieira, M.N.M. Rocha, G.S.B. Viana,
Cortisol and dehydroepiandosterone sulfate plasma levels and
their relationship to aging, cognitive function, and dementia,
Brain Cognition 50 (2002) 316–323.



O. Chehab et al. / C. R. Biologies 330 (2007) 755–763 763
[34] G. Ravaglia, P. Forti, F. Maioli, F. Boschi, M. Bernardi, L. Pra-
telli, A. Pizzoferrato, G. Gasbarrini, The relationship of dehydro-
epiandrosterone sulfate (DHEAS) to endocrine-metabolic para-
meters and functional status in the oldest-old. Results from an
Italian study on healthy free-living over-ninety-year-olds, J. Clin.
Endocrinol. Metab. 81 (1996) 1173–1178.

[35] C. Berr, S. Lafont, B. Debuire, J.-F. Dartigues, É.-É. Baulieu,
Relationships of dehydroepiandrosterone sulfate in the elderly
with functional, psychological, and mental status, and short-term
mortality: a French community-based study, Proc. Natl Acad.
Sci. USA 93 (1996) 13410–13415.

[36] É.-É. Baulieu, G. Thomas, S. Legrain, N. Lahlou, M. Roger,
B. Debuire, V. Faucounau, L. Girard, M.-P. Hervy, F. Latour,
M.-C. Leaud, A. Mokrane, H. Pitti-Ferrandi, C. Trivalle, O. de
Lacharrière, S. Nouveau, B. Rakoto-Arison, J.-C. Souberbielle,
J. Raison, Y. Le Bouc, A. Raynaud, X. Girerd, F. Forette, Dehy-
droepiandrosterone (DHEA), DHEA sulfate, and aging: contri-
bution of the DHEAge study to a sociobiomedical issue, Proc.
Natl Acad. Sci. USA 97 (2000) 4279–4284.

[37] M. Deuschle, U. Gotthardt, U. Schweiger, B. Weber, A. Korner,
J. Schmider, H. Standhardt, C.H. Lammers, I. Heuser, With ag-
ing in humans the activity of the hypothalamus-pituitary-adrenal
system increases and its diurnal amplitude flattens, Life Sci. 61
(1997) 2239–2246.

[38] J.A. Gusenoff, S.M. Harman, J.D. Veldhuis, J.J. Jayne, C. St
Clair, T. Münzer, C. Christmas, K.G. O’Connor, T.E. Stevens,
M.F. Bellantoni, K. Pabst, M.R. Blackman, Cortisol and GH se-
cretory dynamics, and their interrelationships, in healthy aged
women and men, Am. J. Physiol. Endocrinol. Metab. 208 (2001)
E616–E625.

[39] Z.-Y. Zhao, Y. Xie, Y.-R. Fu, Y.-Y. Li, A. Bogdan, Y. Touitou,
Cortisol secretion in the elderly. Influnce of age, sex and car-
diovascular disease in a Chinese population, Steroids 68 (2003)
551–555.

[40] F. Svec, Aging and adrenal cortical function, Bailliere’s Clin. En-
docrinol. Metab. 11 (1997) 271–287.

[41] M.J. De Leon, T. McRae, H. Rusinek, A. Convit, S. De Santi,
C. Tarshish, J. Golomb, N. Volkow, K. Daisley, N. Orentreich,
B. McEwen, Cortisol reduces hippocampal glucose metabolism
in normal elderly, but not in Alzheimer’s disease, J. Clin. En-
docrinol. Metab. 82 (1997) 3251–3259.

[42] Z.-Y. Zhao, Y. Xie, Y.-R. Fu, Y.-Y. Li, A. Bogdan, Y. Touitou,
Circadian rhythm characteristics of serum cortisol and dehy-
droepiandosterone sulfate in healthy Chinese men aged 30 to 60
years, A cross-sectional study, Steroids 68 (2003) 133–138.

[43] S.Y. Leung, T.H. Ng, S.T. Yuen, I.J. Lauder, F.C. Ho, Patterns
of cerebral atherosclerosis in Hong Kong Chinese. Severity in
intracranial and extracranial vessels, Stroke 24 (1993) 779–786.

[44] C. Longcope, Metabolism of dehydroepiandrosterone, Ann.
N. Y. Acad. Sci. 774 (1995) 143–148.

[45] E.P. Guazzo, P.J. Kirkpatrick, I.M. Goodyer, H.M. Shiers, J. Her-
bert, Cortisol, dehydroepiandosterone (DHEA), and DHEA sul-
fate in the cerebrospinal fluid of man: relation to blood levels and
the effects of age, J. Clin. Endocrinol. Metab. 81 (1996) 3951–
3960.

[46] S. Legrain, C. Berr, N. Frenoy, V. Gourlet, B. Debuire,
É.-É. Baulieu, Dehydroepiandrosterone sulfate in a long-term
care aged population, Gerontology 41 (1995) 343–351.

[47] J.I. Rotter, L. Wong, E.T. Lifrak, L.N. Parker, A genetic
component to the variation of dehydroepiandosterone sulfate,
Metabolism 34 (1985) 731–736.
[48] D. Rudman, K.R. Shetty, D.E. Mattson, Plasma dehy-
droepiandrosterone sulfate in nursing home men, J. Am. Geriatr.
Soc. 38 (1990) 421–427.

[49] B. Zumoff, R.S. Rosenfeld, G.W. Strain, J. Levin, D.K. Fu-
kushima, Sex differences in the twenty-four-hour mean plasma
concentrations of dehydroepiandrosterone (DHA) and dehydro-
epiandrosterone sulfate (DHAS) and the DHA to DHAS ration
in normal adults, J. Clin. Endocrinol. Metab. 51 (1980) 330–
333.

[50] J.R. Williams, The effects of dehydroepiandosterone on car-
cinogenesis, obesity, the immune system, and aging, Lipids 35
(2000) 325–331.

[51] D.P. Trivedi, K.T. Khaw, Dehydroepiandrosterone sulfate and
mortality in elderly men and women, J. Clin. Endocrinol.
Metab. 86 (2001) 4171–4177.

[52] S.B. Going, T.G. Lohman, Aging and body composition, in:
R.R. Watson (Ed.), Handbook of Nutrition in the Aged, second
ed., CRC Press, Boca Raton, FL, USA, 1994, pp. 57–71.

[53] M. Kalimi, W. Regelson, The Biological Role of Dehydro-
epiandrosterone (DHEA), De Gruyter, New York, 1990.

[54] L.F. Berkman, T.E. Seeman, M. Albert, D. Blazer, R. Kahn, R.
Mohs, C. Finch, E. Schneider, C. Cotman, G. McClearn, High,
usual and impaired functioning in community-dwelling older
men and women: findings from the MacArthur Foundation Re-
search Network on Successful Aging, J. Clin. Epidemiol. 46
(1993) 1129–1140.

[55] H.A. Feldman, C.B. Johannes, J.B. McKinlay, C. Long-
cope, Low dehydroepiandrosterone sulfate and heart diseases in
middle-aged men: cross-sectional results from the Massachusetts
Male Aging Study, Ann. Epidemiol. 8 (1998) 217–228.

[56] B. Küpeli, T. Soygür, K. Aydos, E. Özdiler, S. Küpeli, The role
of cigarette smoking in prostatic enlargement, Br. J. Urol. 80
(1997) 201–204.

[57] C.-C. Hsieh, L.B. Signorello, L. Lipworth, P. Lagiou, C.S. Mant-
zoros, D. Trichopoulos, Predictors of sex hormone levels among
the elderly: a study in Greece, J. Clin. Epidemiol. 51 (1998)
837–841.

[58] E. Barrett-Conner, K.T. Khaw, Absence of an inverse relation of
dehydroepiandrosterone sulfate with cardiovascular mortality in
postmenopausal women, N. Engl. J. Med. 317 (1987) 711.

[59] H. Hauner, K. Stangl, K. Burger, U. Busch, H. Blomer, E.F.
Pfeiffer, Sex hormone concentrations in men with angiograph-
ically assessed coronary artery disease. Relationship to obesity
and body fat distribution, Klin. Wochenschr. 69 (1991) 664–
668.

[60] R. Takayanagi, K. Goto, S. Suzuki, S. Tanaka, S. Shimoda,
H. Nawata, Dehydroepiandrosterone (DHEA) as a possible
source for estrogen formation in bone cells: correlation between
bone mineral density and serum DHEA-sulfate concentrations
in postmenopausal women, and the presence of aromatase to be
enhanced by 1,25-dihydroxyvitamin D3 in human osteoblasts,
Mech. Ageing Dev. 123 (2002) 1107–1114.

[61] G.A. Greendale, S. Edelstein, E. Barrett-Connor, Endogenous
sex steroids and bone mineral density in older women and men.
The Rancho Bernard study, J. Bone Miner. Res. 12 (1997)
1833–1843.

[62] F. Morrison, E. Redei, T. TenHave, P. Parmelee, A.A. Boyce,
P.S. Sinha, I.R. Katz, Dehydroepiandrosterone sulfate and psy-
chiatric measures in a frail, elderly residential care population,
Biol. Psychiatr. 47 (2000) 144–150.


	Hormonal status of cortisol and dehydroepiandrosterone sulfate  in an elderly Tunisian population
	Introduction
	Materials and methods
	Subjects
	Hormonal measurements
	Other measurements
	Statistical analysis

	Results
	Discussion
	References


