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I

n human beings, dehydroepiandrosterone (DHEA) and its
sulfate (DHEAS) are secreted adrenal steroids whose role is
still poorly understood. Except in the nervous system, no receptor for those steroids has been described, and they likely operate
in part by a transformation into androgens and estrogens (1–5)
and probably also directly as neuroactive steroids (6). Furthermore, DHEAS concentration declines with age (7, 8) and
remains 10–20% higher in men than in women (9), despite an
important interindividual range.
The decline of DHEAS concentrations with aging has led to
the suggestion that DHEAS could play a role in itself and be
implicated in longevity. Thus, DHEAS has been studied with
controversial results in several processes that occur during aging
(10, 11). In particular with reference to the mortality issue
studied in this paper, we note that DHEAS has been inversely
related to cardiovascular diseases in men (12–16), but this
relation was not found in women (17).
To clarify the role of DHEAS, our strategy within the
PAQUID储 program (a prospective cohort study of elderly subjects from the southwest of France) was to relate DHEAS level
with several health parameters and mortality. Among the 3,777
elderly subjects of this cohort, 622 volunteers agreed to have
blood sampling after 1 year of followup. The measurement of
www.pnas.org兾cgi兾doi兾10.1073兾pnas.121177998

DHEAS concentrations at this time allowed us to confirm the
already known decrease of DHEAS level with age and the
difference according to sex with a higher DHEAS level in men.
Significantly lower values of DHEAS were recorded in women
in cases of functional limitation, confinement, dyspnea, depressive symptomatology, and frequent use of medications. No
relation was found with cases of incident dementia in the
following 4 years. In men, but not in women, lower DHEAS
concentrations were significantly associated with an increased
short-term mortality at 2 and 4 years after DHEAS measurement (18). Among these 622 subjects, 346 had a second measurement of DHEAS level 7 years after the first.
Intraindividual changes of DHEAS level over adulthood are
insufficiently documented in longitudinal studies (8, 19–24). The
knowledge of intraindividual evolution of DHEAS level would
be of importance to determine the possible pathological role of
DHEAS. Here the evolution of the DHEAS level over 7 years is
described in a relatively large population of old men and women
We also studied the relation between changes in DHEAS level
and several health parameters. Finally, we examined mortality at
10 years of followup as a function of DHEAS level.
Materials and Methods
Samples. The PAQUID study is a prospective cohort of elderly

subjects living in the southwest of France. This study began in
1988 and included 3,777 subjects (2,792 subjects in the Gironde
area, 985 in the Dordogne area). To participate in this study,
subjects had to be over 65 years old on December 31, 1987, living
at home, and on the local electoral list.
All participants had a standardized interview that included
sociodemographic items, several health parameters, and current
medications. Furthermore, a course of psychometric tests was
undertaken. Subjects were re-evaluated 1, 3, 5, 8, and 10 years
after the baseline visit, following the same method.
Among the 2,792 subjects from the Gironde, 622 volunteers
agreed to have blood sampling at a 1-year followup. At an 8-year
followup, 346 of them (56%) accepted a new blood sampling, and
the others subjects refused (124 subjects, 20%) or were dead (152
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The decrease with age of the adrenal-secreted dehydroepiandrosterone sulfate (DHEAS) in serum has suggested that it may be causally
related to longevity. For the PAQUID [People (Personnes) Aged
(Agées) About What (Quid, in Latin)] cohort of elderly subjects, we
have previously reported higher DHEAS in men than in women, a
decrease with age and, among men, a negative correlation between
the DHEAS level and mortality at 2 and 4 years. Here, with an 8-year
followup in 290 subjects, we show a global decrease of 2.3% per year
for men and 3.9% per year for women. However, in approximately
30% of cases, there was an increase of DHEAS. We observed no
relationship between the evolution of DHEAS level and functional,
psychological, and mental status, possibly because of selection by
death. In women, no association was found between mortality and
DHEAS level. In men, the relative risk (RR) of death was higher for the
lowest levels of DHEAS (RR ⴝ 1.9, P ⴝ 0.007), with RR ⴝ 6.5, P ⴝ 0.003
for those under 70 years old, a result indicating heterogeneity of the
population. There was an effect of subjective health on mortality that
disappeared after adjustment of DHEAS levels, suggesting its relation
with these DHEAS levels. Death RR was much higher in smokers with
a low DHEAS level than in nonsmokers with high DHEAS (RR ⴝ 6.7,
P ⴝ 0.001). We submit that the involvement of DHEAS is possibly
different according to gender, that association between low DHEAS
level and mortality only for men under 70 years old possibly reflects
heterogeneity of the population, and that DHEAS level is a reliable
predictor of death in male smokers.

POPULATION
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Table 1. Health parameters at 1-year followup according to the outcome for men at
8-year followup
Health parameters at 1 year

Second assay
n ⫽ 130

Refused
n ⫽ 54

Dead
n ⫽ 69

P

73 (5)
15
8
9
—
46
9
25
2
27 (3)
3 (2)

75 (6)
19
4
11
2
70
24
46
7
27 (3)
4 (2)

77 (5)
30
20
35
10
84
26
49
15
26 (5)
6 (3)

0.0001
0.03
0.004
0.001
0.0003
0.001
0.004
0.001
0.004
0.02
0.0001

Age at 1 year: m, SD
No schooling or primary school level, %
ADL limitation, %
IADL limitation, %
Confinement, %
Rosow limitation, %
Dyspnea, %
Poor subjective health, %
Depressive symptomatology, %
MMS score: m, SD
Number of medications: m, SD
n ⫽ 253.

subjects, 24%). The mean time between the two measurements
was 6.3 years (SD ⫽ 6 months).
Serum DHEAS Measurement. Blood samples were kept in liquid

nitrogen until analysis [serum DHEAS is not affected by freezing
(8)]. DHEAS concentrations were measured directly in serum by
an automated immunoenzymatic assay on a Serono (Geneva)
SR1 analyzer. Correlation with standard radioimmunoassay was
assessed (r ⫽ 0.98) (18). The lower limit of detection of the assay
was 16 ng兾ml. The intraassay coefficient of variation was 6%, and
the interassay coefficient of variation ranged from 3% (concentrations lower than 100 ng兾ml) to 20% (concentrations higher
than 1,000 ng兾ml).
The evolution of the DHEAS level during the longitudinal
study is calculated by subtracting the DHEAS concentration at
an 8-year followup (DHEAS2) from the first measurement
(DHEAS1).
Not all participants who had blood sampled were interviewed
in the same year as the assay. So, for the statistical analysis, only
those subjects having had the followup and measurement of
DHEAS level at the same time were retained, that is, 595
subjects for the first measurement (253 men, 342 women) and
290 subjects for the measurement at 8-year followup (119 men,
171 women).
Health Parameters. The health parameters were classified as
follows:
(i) Sociodemographic items such as age, sex and education

with two categories: no schooling or primary school level for one
category, secondary school level and over for the other.
(ii) Lifestyle such as cigarette smoking (nonsmoker, smoker,
and former smoker); wine consumption with three levels: never
drinking, 0.25 or more than 0.25 liters per day; and current
physical activity.
(iii) Medical parameters such as weight, height, current medication with three classes (no or only one, two to four, or more
than four medications), personal history of heart disease, stroke,
or peripheral artery disease, dyspnea defined by Vestbo et al.
(25). The physical functional disability was measured by four
scales, which are the Activities of Daily Living (ADL) of Katz et
al. (26), the Instrumental Activities of Daily Living (IADL) of
Lawton and Brody (27), the scale of Rosow and Breslau for
mobility (28), and confinement when subjects were limited to
home or bed. Subjective health was assessed by the following
formulation: Do you presently rate your health status very good,
good, fair, bad, or very bad? Subjects were considered in poor
condition if they rated themselves as fair, bad, or very bad.
Depressive symptomatology was measured by the Center for
Epidemiological Studies–Depression (CES–D) scale (29). The
presence of a depressive symptomatology was defined by a
CES–D scale under 16 for men and under 22 for women. Global
cognitive functions were assessed by the Mini Mental State
Examination (MMSE) of Folstein et al. (30), with scores ranging
from 0 to 30. A low MMSE score was defined by a score under
24 for low educational level, less than 26 for high educational
level.

Table 2. Health parameters at 1-year followup, according to the outcome for women at
8-year followup
Health parameters at 1 year
Age at 1 year: m, SD
No schooling or primary school level, %
ADL limitation, %
IADL limitation, %
Confinement, %
Rosow limitation, %
Dyspnea, %
Poor subjective health, %
Depressive symptomatology, %
MMS score: m, SD
Number of medications: m, SD

Second assay
n ⫽ 189

Refused
n ⫽ 70

Dead
n ⫽ 83

P

74 (5)
30
10
16
1
77
22
39
9
27 (3)
4 (3)

76 (7)
26
9
29
3
84
28
47
16
27 (3)
5 (3)

82 (8)
43
33
60
25
93
49
52
15
22 (9)
5 (3)

0.0001
0.04
0.001
0.001
0.001
0.006
0.001
NS
NS
0.0001
0.002

n ⫽ 342. NS, not significant.
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Table 3. DHEAS level at 1-year followup (DHEAS1) and at 8-year followup (DHEAS2),
according to age and gender
Age at time of measurement
of DHEAS level
⬍70 years
70–74 years
75–79 years
ⱖ80 years
P

n
m (SD)
n
m (SD)
n
m (SD)
n
m (SD)

Men
DHEAS1
71
1001 (678)
66
903 (620)
68
761 (499)
48
692 (383)
0,02

Women
DHEAS2

DHEAS1

DHEAS2

21
1048 (591)
46
777 (415)
52
731 (446)
0,03

80
660 (452)
71
522 (325)
90
499 (363)
101
486 (386)
0,02

28
558 (484)
55
563 (362)
88
427 (286)
0,05

Statistical Analysis. Analysis was conducted by using SAS* soft-

ware (SAS Institute, Cary, NC). Because DHEAS levels are
different in men and women, with possibly different biological
effects, all analyses were performed as a function of sex. Means
(m) of DHEAS are given with SD.
First, we studied the evolution of DHEAS level over 7 years.
We examined the variability of DHEAS level by using the same
approach as Orentreich et al. (22), who determined cutoff values
for the long-term change of the DHEAS level. In their study,
these authors suggested that a true long-term change in DHEAS
concentrations is indicated by a variability of DHEAS level of
more than 19%, because they have previously shown a mean
short-term variability of 19% in normal men. Second, a relationship between the evolution of DHEAS level and several
health parameters was investigated. These analyses were performed by ANOVA, single or multifactorial. Next, we compared
the initial DHEAS level with respect to the situation of the
subjects at an 8-year followup (second measurement of DHEAS
level, refusal, or death before the second measurement) by using
a Student’s t test. Finally, we studied the cumulative mortality at

an 8-year followup according to the first measurement of
DHEAS and several health parameters collected at a 1-year
followup, by using a Cox model with delayed entry (31) (age
considered as time scale) to adjust for several covariates. We
defined a population with a low level of DHEAS at the first assay
when this level was inferior to the lowest quartile of DHEAS
concentrations, taking age and gender into account.
Results
Cross-Sectional Study: Sampling. The 595 subjects who had the first

DHEAS measurement have been compared with other subjects
of the PAQUID cohort whose DHEAS was not measured. These
595 subjects did not differ from the others in term of sex,
presence or absence of dyspnea or depressive symptomatology,
subjective health, cognitive functions, and medication consumption. However, they were younger (75.2 vs. 76.5, P ⫽ 0.0001), had
a higher educational level (P ⫽ 0.05), were less dependent in
terms of ADL (P ⫽ 0.05) and IADL (P ⫽ 0.001), and had better
mobility (P ⫽ 0.01) (18).
The subjects whose DHEAS level was measured at an 8-year
followup were compared with those whose DHEAS was not
measured, because they were dead or refused the followup
(Tables 1 and 2). For men as for women, the health parameters
at 1-year followup were better for subjects who had the second
DHEAS measurement than for those who refused the analysis;
these parameters in turn were better for those who had died (see
Tables 1 and 2 for age, educational level, dependence, cognitive
functions, and medication consumption). The men who agreed
to the second DHEAS measurement were less depressed (P ⫽
0.004) and had shown better subjective health (P ⫽ 0.001) at the
time of the first assay than those who refused or were dead, but
these differences were not significant in women.
Serum DHEAS Level. As for the first measurement of DHEAS, the
second measurement of DHEAS at 8-year followup showed
higher values in men than in women and in younger than in older
subjects, and remarkably the same levels of DHEAS were
observed for each age class (Table 3).
Correlations Between the Second DHEAS Measurement and Health
Parameters at the Same Time. Previously, we reported a correlation

Fig. 1. Evolution of DHEAS levels over 7 years, as shown by the difference
between DHEAS levels at 8- and 1-year followup. A positive difference means
an increase of DHEAS levels; a negative difference means a decrease.
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between DHEAS level at 1 year and subjective health in men and
women, and among women only, an association with dependence,
dyspnea, depressive symptomatology, and use of medications. At
the 8-year followup, we observed higher DHEAS level in both sexes
only when subjects used less than two medications, when men had
better mobility, and when women were less dependent by IADL.
Thus we did not confirm several associations between DHEAS level
and health parameters, including subjective health observed at the
PNAS 兩 July 3, 2001 兩 vol. 98 兩 no. 14 兩 8147
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Global mortality of the cohort which was determined for each
followup.

POPULATION

n, number of subjects; m, mean (ng兾ml); DHEAS1, DHEAS2, DHEAS level at 1-year and 8-year followup,
respectively.

When studying initial levels of DHEAS according to three age
classes (65–69, 70–74, ⱖ75 years), it was lower for older than for
younger subjects both in men (Fig. 2) and in women and
whatever their future status, except for men less than 70 years old
who died before the second measurement. Indeed, in this latter
group of seven men, the DHEAS level was particularly low (m ⫽
289 ng兾ml, SD ⫽ 252), in comparison with the older men who
also died before the second measurement. This result suggests a
strong selection by death and a heterogeneity of the initial
sample because low DHEAS may predict death only for the 65to 69-year-old group of men.
Survival According to Initial DHEAS Level. In men, the relative risk of

Fig. 2. Relationship between initial DHEAS level and mortality among men.
(A) Initial DHEAS level according to age and outcome of men at 8 years. (B) RR
of death at 10 years according to age, in men with low DHEAS level.

time of the first measurement. No association was found between
DHEAS level and MMSE score.
Furthermore, reanalyzing the relationship between the first
DHEAS measurement and health parameters observed in men
and women whose DHEAS level was reassayed at the 8-year
followup, we found in men the same relationship with subjective
health as in the whole initial sample, but in women, a relation
only with depressive symptomatology and not with the other
parameters was found to be associated with DHEAS level.
Longitudinal Study: Evolution of DHEAS Level. There was a trend to

decline of DHEAS from 2.3% per year among men (P ⫽ 0.5) and
from 3.9% per year among women (P ⫽ 0.08). However, 40% of
men and 39% of women showed an increase of DHEAS level.
Differences between the two measurements of DHEAS are
reported in Fig. 1.

Lack of Correlation Between Evolution of DHEAS Level and Health
Parameters. To explain the variability of DHEAS levels over 7 years,

we studied the relationship between the evolution of DHEAS level
and several health parameters. We found a negative correlation
between the evolution of DHEAS levels and the initial DHEAS
levels (P ⫽ 0.0001), and thus a lower initial DHEAS level tended
to lead to an increase in DHEAS level; conversely, higher initial
DHEAS level led to a more pronounced decrease over 7 years.
However, no association was found with health parameters collected initially even after adjustment for initial DHEAS level and
age. Furthermore, we examined changes over 7 years regarding the
MMSE score, depressive symptomatology, and subjective health:
no association was found with the evolution of DHEAS level,
adjusted to the initial DHEAS level, except for an increase in men
of the MMS score which was correlated to an increase of 179 ng兾ml
of DHEAS level (P ⫽ 0.01).
Heterogeneity as an Explanation? To explain these negative results,

we studied the cohort attrition as a function of the first DHEAS
level. We found higher DHEAS at the 1-year followup for men
who accepted a second DHEAS assay at the 8-year followup, in
comparison to those who died before this second measurement
[m ⫽ 929 ng兾ml (559) vs. m ⫽ 724 ng兾ml (724), P ⫽ 0.02]. A
similar but not significant trend was found for women. There was
no difference in initial DHEAS level between subjects agreeing
to or refusing the second DHEAS measurement.
8148 兩 www.pnas.org兾cgi兾doi兾10.1073兾pnas.121177998

death at 10-year followup was doubled when the first DHEAS level
was low (RR ⫽ 1.9 [1.2–2.8], P ⫽ 0.003) but not in women (RR ⫽
0.8 [0.5–1.2], P ⫽ 0.3). When we studied mortality among men
within the three age groups, we noticed a much higher relative risk
of death associated with low DHEAS level only for the younger
group (RR ⫽ 6.5, P ⫽ 0.003 for men of 65–69 years; RR ⫽ 1.3, P ⫽
0.6 for men of 70–74 years; and RR ⫽ 1.5, P ⫽ 0.2 for men of over
75 years). For women, there was no effect on DHEAS level on the
relative risk of death for any of the three age groups.
As a second step, for men only, we studied several health
parameters that may potentially confound or mediate the effect of
DHEAS level on survival (Table 4). There was a higher risk of death
in smokers, subjects with a poor subjective health, and subjects
consuming more than five medications. After adjustment of all
predictors of survival (associated with mortality in the univariate
analysis with P ⬍ 0.25, that is DHEAS level, tobacco consumption,
subjective health, medication consumption, physical activity, history of peripheral arterial disease, and history of heart disease), only
two factors remain associated with mortality: the initial DHEAS
level and tobacco consumption. There was no significant difference
of DHEAS level related to smoking habits.
Furthermore, there was a strong interaction between smoking
habits and DHEAS level (P ⬍ 0.02) as far as effect on mortality
is concerned.
Taking into account this interaction (Fig. 3), we noticed only
a slight nonsignificant increase of the risk of death in current or
former smokers when DHEAS level was high (RR ⫽ 1.0 and
RR ⫽ 1.3, respectively). Conversely, when DHEAS level was
low, we observed a higher risk of death in smokers (RR ⫽ 6.7,
P ⫽ 0.001) and in former smokers (RR ⫽ 2.5, P ⫽ 0.006), taking
nonsmokers with high DHEAS levels as the reference.
Discussion
Our study indicates three main points: First, the longitudinal
study of DHEAS level showed a global trend to decline, but an
increase of DHEAS level in one-third of our subjects. However,
no health parameter could explain this evolution except the
initial DHEAS level. Second, several results suggested selection
by death (heterogeneity of the population) in men but not in
women. Third, we found a synergetic effect of tobacco consumption and low initial DHEAS level on 10-year mortality in men.
The population studied here is not exactly representative of
the entire cohort of the PAQUID program, even if they are very
similar. Only two measurements of DHEAS serum concentration were obtained in 290 subjects at 7-year intervals, thus
limiting the power of longitudinal analysis. However, the remarkable stability of levels recorded for the same ages after a
7-year interval indicates confidence in the reliability of DHEAS
level assessment. Recorded health information was obtained
only by self report, not systematically checked by a physician, and
causes of death were not documented.
Longitudinal Study. A subsample of the PAQUID cohort has allowed
us to investigate a second assay of DHEAS level at an 8-year
followup in a large cohort of elder subjects living at home and to
Mazat et al.

DHEAS level
Low vs. high
Tobacco consumption
Smoker vs. nonsmoker
Former smoker vs. nonsmoker
Subjective health
Poor vs. good
Medications
2–4 vs. 0–1 medications
5 and more vs. 0–1 medications
Current physical activity
Yes vs. no
History of peripheral arterial disease
Yes vs. no
History of heart disease
Yes vs. no
Blood pressure
⬎16兾9.5 vs. ⬍16兾9.5
History of stroke
Yes vs. no
Wine consumption
0.25 liters vs. nondrinking
More than 0.25 liters vs. nondrinking
Depressive symptomatology
Yes vs. no

RR

IC 95%

P

1.9

(1.2–2.8)

0.003

2.1
1.7

(1.1–4.1)
(1.0–2.7)

0.03
0.04

1.5

(1.0–2.3)

0.04

1.5
3.0

(0.7–3.4)
(1.4–6.3)

0.3
0.005

0.6

(0.4–1.1)

0.09

1.6

(1.0–2.8)

0.08

1.4

(0.9–2.1)

0.2

1.2

(0.6–2.4)

0.6

1.1

(0.6–2.0)

0.7

0.8
1.0

(0.5–1.3)
(0.6–1.7)

0.4
1.0

1.5

(0.7–2.8)

0.3

compare their survival with the initial DHEAS level. We found a
global trend to decline of DHEAS level over the 7 years at 2.3% per
year among men and 3.9% per year among women. This decline is
consistent with those found by several (20, 21, 23, 24) but not all
authors (19). Despite this global decline, we found an increase of
DHEAS level in approximately one-third of our subjects (Fig. 1).
This phenomenon was already observed by Orentreich et al. (22),
who found an increase of more than 10% in DHEAS level with
19.6% of 97 men aged 32–83 years old followed over 10 years. Thus,
even if classically there is a lower DHEAS level in older people
(cross-sectional studies), a decrease of DHEAS level is not observed in each subject (longitudinal studies). Indeed, the evolution
of the DHEAS level was inversely correlated with the baseline
DHEAS level, leading to a decrease of DHEAS level when the
initial DHEAS concentration was high and to an increase when the
initial DHEAS level was low. This relationship was probably
because of a regression toward the mean and has been found in
other longitudinal studies (19, 20). We found no significant relationship between the evolution of DHEAS level and several health
parameters, even those known to be cross-sectionally associated
with this level (18). The only significant relationship was found in

Population Heterogeneity? Several results suggest heterogeneity of
the studied population:
(i) In women, cross-sectional relationships between DHEAS
level and health parameters observed initially were not found at
the 8-year followup.
(ii) Among men who died during the interval, we observed very
low initial DHEAS levels only in subjects less than 70 years old,
suggesting that this deficiency in DHEAS serum concentration
could predict mortality. In fact, there is a relative risk of death twice
higher in men with low initial DHEAS level, actually because of the
very high risk of death (RR ⫽ 6.5, P ⫽ 0.003) of men under 70 years
old. Therefore, by de facto self selection of more robust subjects,
low DHEAS level no longer predicted mortality in older men. Thus,
the surviving sample differs from the initial sample because the
initial sample represents a heterogeneous population composed of
various homogeneous subgroups. This observation of heterogeneity
is well known in aging studies, and by leading to selection, it may
interfere with the correlation among variables (32). For example,
Kähönen et al. (19) failed to correlate initial DHEAS levels and
10-year survival, possibly because their 271 subjects were too old (75
years and over).
Gender and DHEAS. The absence of effect of a low DHEAS level on

mortality in women is consistent with the concept that DHEAS
plays different roles according to gender. First, DHEAS levels are
higher in men than in women. Second, the metabolism of DHEA
and DHEAS is somewhat different in men and women (33–36), but
we are unable to draw any deduction as to the role of these observed
differences. For cardiovascular mortality, Barret-Connor et al. have
suggested a lack of predictive effect of DHEAS level in women (17),
contrary to men (15). As indicated previously (18), differences
between men and women were observed when studying the relation
between DHEAS level and health parameters. Furthermore, we did
not find any relation between DHEAS level and smoking habits in
women, as was found in men. However, in our sample, only 5% of
women were smokers. If our hypothesis (see later), that mortality
in men is associated with DHEAS level through smoking habits, is
reliable, it is not surprising that no association between survival and
DHEAS level was found in women.

Subjective Health. Both subjective health and the use of five or

more medications are often associated with a low DHEAS level
and, in men, with mortality according to univariate analysis, even
if this association statistically disappears after adjustment on
other predictor factors of mortality.
Subjective health appears to be related to mortality in men, as
is DHEAS level, and thus there is a possibility of relation
between subjective health and DHEAS. The effect of subjective
health on mortality disappears after adjustment, suggesting that
it may be partially explained by DHEAS level, a concept
consistent with the neuroactivity of the steroid (6).

Tobacco Consumption and DHEAS. After adjustment for possible

Fig. 3. RR of death at 10 years, in men, according to smoking habits and
initial DHEAS level (multiple regression analysis).

Mazat et al.

survival predictors, only two factors remain associated with
mortality in men: a low initial DHEAS level and current or past
tobacco consumption. Furthermore, there was an interaction
between smoking habits and DHEAS levels. This means that the
predictive value of the DHEAS level for survival is different
PNAS 兩 July 3, 2001 兩 vol. 98 兩 no. 14 兩 8149
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Health parameters

eight subjects with an increase in MMSE performance over 7 years.
But this fact is difficult to interpret because of the multiplicity of the
tests and the low number of subjects. Furthermore, in others studies
(19, 20), there was no relation between longitudinal change of
DHEAS sulfate and the cognitive status. The global negative results
could be explained by a lack of validity in data collection or by
confounders not taken into account in our analysis, but the main
explanation is certainly selection by death, evoking a possible
population heterogeneity.

POPULATION

Table 4. RR of death at 10-year followup among men, according
to health parameters at 1-year followup (univariate analysis)

according to smoking habits. The DHEAS level seems to be a
strong predictor of survival in current smokers and, to a lesser
degree, in past smokers, although it seems to have no predictive
value in nonsmokers. The effect of the interaction between low
DHEAS level and tobacco consumption on mortality suggests
that DHEAS may be involved in cardiovascular mortality. Indeed, Barrett-Connor et al. (15) have shown a negative correlation between DHEAS level and mortality from cardiovascular
disease in men followed for 12 years, but to a lesser degree in the
19-year followup of those men (37). In the same way, other
authors (14, 16) found a negative correlation between DHEAS
level and cardiovascular morbidity.
Tobacco consumption may have a direct effect on DHEAS
level, even if results are controversial: several authors found a
higher level of DHEAS in smokers (15, 16, 38–40), whereas
others did not (41, 42), or even found the opposite (22, 43).
Another explanation for the interaction is that a low DHEAS
level in men could be an indicator and兾or a potentiator of
cardiovascular disease related to smoking habits, or reciprocally
that a low DHEAS level could lead to cardiovascular dysfunction
that would be worsened by tobacco consumption. Finally, it
could be that DHEAS counteracts the toxic effect of tobacco.
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This hypothesis could be tested by an appropriate randomized
intervention trial in elderly smokers with low DHEAS level.
In conclusion, our findings underline the heterogeneity that
exists in a cohort sample of old subjects, needing cautious interpretation. We also confirm a different role of DHEAS according
to sex: The effect of DHEAS level seems to be less important in
women than in men, possibly because of different hormonal
metabolism. Finally, DHEAS appears to be a predictor of death
among men, even if the pathological mechanism remains unclear.
The strong interaction between smoking habits and DHEAS level
leads us to think that the DHEAS level is implicated in mortality
from cardiovascular or other smoking-related disease in men.
Whatever the explanation, if these results are confirmed by further
studies, it would be of great interest from a public health point of
view to detect smokers with high risk of death, i.e., with low levels
of DHEAS. In all good sense, cessation of smoking and DHEA
supplementation would be recommended.
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