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Are low dehydroepiandrosterone sulphate levels predictive for cardiovascular
diseases? A review of prospective and retrospective studies
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Study objective — It has been suggested that low levels of dehydroepiandrosterone sulphate
(DHEAS) are predictive for cardiovascular diseases in men.VVe aimed to review the available evidence
from prospective cohort studies and retrospective case-control studies.

Methods — We extracted summary statistics from 4 case-control studies and 8 cohort studies,
and calculated the pooled relative risk associated with a 2 pmol/l increase in DHEAS.

Main results — The number of subjects included in each of the individual studies ranged from 94
to 2134, mean age from 48 to 83 years and mean DHEAS levels from 1.2 to 7.3 uymol/l. In men,
coronary mortality was available as outcome in 3 cohort studies and | case-control study. Combin-
ing data from these 4 studies showed a 15% (95% Cl: 4%-28%, p = 0.008) increase in fatal coronary
heart disease associated with a 2 pmol/l decrease in DHEAS. However, statistical significance was lost
when the retrospective study causing significant heterogeneity (p = 0.02) was excluded. Fatal and non-
fatal coronary events were reported in | cohort study and 3 case-control studies. The average
increase in fatal plus non-fatal coronary heart disease associated with a 2 pymol/l decrease in DHEAS
amounted to 13% (2%-26%, p = 0.02). The available data did not allow drawing any conclusions on
the prognostic value of DHEAS in women, nor on the relationship between DHEAS and total or
cardiovascular mortality or stroke in men.

Conclusions — The present findings suggest that, in men, low serum levels of DHEAS may be asso-
ciated with coronary heart disease. However, whether DHEA supplementation has any cardiovas-
cular benefit is not clear. Data from prospective randomised trials are needed. (Acta Cardiol 2003;

58(5): 403-410)
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Introduction

Dehydroepiandrosterone (DHEA) unconjugated or
as its sulphate (DHEAS) is the most abundant steroid
in the adult human adrenal cortex'. Both cross-sec-
tional®>”7 and longitudinal®? studies have shown that,
in adults, serum levels of DHEA(S) steadily decline
with age so that in elderly subjects the serum levels are
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20% or less than those observed in young adults. This
pattern is observed in both sexes, but DHEA(S) con-
centrations in women are approximately 50 percent to
70 percent lower than those observed in men®!0. The
decline of DHEA(S) with age has led to the suggestion
that low levels might be associated with diseases of
aging?, such as cardiovascular complications, in par-
ticular ischaemic heart disease!!. Various mechanisms,
including effects of DHEA(S) on haemostasis, cell pro-
liferation!2, the metabolism of lipids'31¢ and carbo-
hydrates'>"18, and immune function!?, may explain the
apparent relationship with heart disease.

Several epidemiological studies on the relationship
between DHEAS and cardiovascular disease have been
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published. Unfortunately, the majority of the available
evidence comes from cross-sectional case-control stud-
ies in which DHEAS levels were measured after the
occurrence of a myocardial infarction?%-22 or the devel-
opment of coronary arteriosclerosis’-2%-23-25 Despite
differences in study design and case definitions, the
majority of these cross-sectional studies found lower
levels of DHEAS in male subjects with coronary heart
disease as compared to controls'!. However, these stud-
ies do not answer the important question whether the
low concentrations of DHEAS in cases compared to
controls were the cause rather than the consequence of
the cardiovascular disease. The purpose of the present
paper was therefore to review the available prospective
and retrospective data on the relationship between
serum levels of DHEAS and cardiovascular disease.

Methods
Sources of information

Relevant papers and abstracts were identified
through a MEDLINE search. Records between Janu-
ary 1980 and December 2002 were searched for the
keywords “dehydroepiandrosterone” and “mortality or
cardiovascular disease or ischaemic heart disease”.
In addition, bibliographies of systematic reviews and
reference sections of relevant papers were checked. The
search was not limited by language. A study was
included in the review if it met 2 criteria. First, it had
to be a prospective cohort study or a retrospective case-
control study on the relationship between DHEAS and
outcome. Secondly, it had to report estimates on the
predictive value of DHEAS. If the same subjects were
included in more than 1 report, only the most recent
paper was included in the present review.

Data collection

The analysis was based on published summary sta-
tistics. The authors of 6 papers2©-3! were contacted for
missing data and for summary statistics that could not
be calculated from the published results. However, only
2 of them provided the requested data2’-30. The defi-
nition of events as used by the study investigators was
retained for this review. Coronary heart disease was
defined as fatal and non-fatal myocardial infarction
in 2 studies??-33, non-fatal myocardial infarction and
cardiac death in 1 study?3, and death or hospitalisation
due to ischaemic heart disease (IHD, ICD codes 410-
414) or intake of medications for IHD or self-reported
IHD in another study?’. Within each study, preference
was given to risk ratios adjusted for age, smoking and
other relevant risk factors. Whenever possible, men and
women were considered separately.

Statistical methods

Database management and statistical analyses were
performed using SAS-software version 8.01 (SAS Insti-
tute Inc.). The relative risks were combined as described
by Hedges et al.3*. Before applying this method, the
relative risk associated with a 2 pmol/l increase in
DHEAS was calculated within each study. In the
Helsinki Heart Study?8, this relative risk was estimated
from the average distance between the tertiles. The rel-
ative risks in the individual studies were then trans-
formed to z-scores by taking the antilog. Weighted
z-score averages were computed and were used to con-
struct 95 percent confidence intervals for the common
effect size3*. Heterogeneity was assessed using a chi-
square statistic. Significant heterogeneity suggests that
the results of pooling the data should be interpreted
with caution.

Results
Description of individual studies

Of the 13 identified studies®27-33:35-39 1 case-con-
trol study?® was not considered because estimates
on the predictive value of DHEAS were not reported
and could not be obtained from the authors. Of the
remaining 12 studies, 4 had a case-control design and
8 were cohort studies. Their characteristics are sum-
marised in table 1. The number of subjects in each of
the individual studies ranged from 943 to 213431,
Mean age ranged from 4828 to 833 years. In 9 of 12
reports?7:28:30.31.33.36-39 " the results were adjusted for
age; in 2 studies®32 the risk ratios were not adjusted for
age and 1 study® did not specify whether or not the
results were age-adjusted. Several studies also consid-
ered additional covariables, such as smoking?8-30-33.37.38_
alcohol intake®2, blood pressure30-33-37-38  cholesterol3!-
33.37.38 body size3!3237-38 | plasma glucose’?37-38, dia-
betes or antidiabetic drug intake3>33:36  oestrogen
replacement therapy3!-37, aspirin intake®3, steroid use3!,
physical activity32, level of education®® and previous
health problems30-31.33.36,

Prognostic significance of DHEAS in men

Ten studies?27-28:30-33.35.36.38 reported on the prog-
nostic significance of DHEAS in men (Table 2). How-
ever, the end point used varied among studies. Five
cohort studies?-30-31:36.38 and 1 case-control study?’
examined the association between DHEAS and all-
cause and/or cardiovascular mortality. Three cohort
studies®31-38 reported significantly higher risks of total
death associated with lower DHEAS levels, while the
other 3 studies®*3>3¢ observed non-significant relation-
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Table 1. — Characteristics of participants enrolled in reviewed studies

Name of study Number Women Age* FU Mean DHEAS®
(%) (years) (years) (umol/l)

Case-control studies

Helsinki Heart Study?® @) C=97,E=062 0 48 (7-7) 4.0 C=70@3.1),E=77(4.73)

Honolulu Heart Program32 ) C =476, E =238 0 57 (45-68) 18.0 C=27(.1),E=26(1.2)

Physicians’ Health Study33 @) C=169,E =169 0 ? (40-84) 2.3 C=36(22),E=35(2.3)

Study by Rudman et al.3> ® C=50,E=061 0 77 (55-104) 1.0 C=22(13),E=17(2.3)
Cohort studies

Cambridge General Practice Health Study?! 2134 55 70 (65-76) 7.4 2.3(7)

Helsinki Aging Study?¢ 571 74 80 (75-85) 5.0 2.1(1.4)

Massachusetts Male Aging Study?’ 1167 0 55 (40-70) 8.9 6.8 (3.7)

PAQUID-cohort? 595 57 75 (65-?) 7.0 1.7(1.2)

Rancho Bernardo women3’ 942 100 65.2 (50-88) 19.0 1.9

Rancho Bernardo men3$ 1029 0 60 (30-82) 19.0 4.5 (?)

Study by Legrain et al.?° 94 86 83 (65-7) 3.0 1.2 (1.1)

Study by Schaefer et al.3° 1601 50 ? (60-90) 20.0 2.3 (1.6)

C, control group; E, cases; FU, follow-up; *Mean (range), () Mean (standard deviation); %) Cases are patients who experienced a cardiac

event; ® Cases are nursing home men.

Table 2. — Age-adjusted relative risk associated with dehydroepiandrosterone sulfate in men

Study Statistical Adjustment Mortality Fatal and nonfatal events
method*
Total Ccv CHD Ccv Stroke CHD
Case-control studies
Helsinki Heart Study?8 L (+2 pumol/l) A,S 1.23
(0.78-2.00)
Honolulu Heart Program?3? L (+2 pmol/l) S,0 0.55 0.77
(0.27-1.05) (0.54-1.11)
Physicians’ Health Study33 L (+2 umol/l) A,S 0.91
(0.62-1.18)
Study by Rudman et al.® ? ? ns
Cohort studies
Cambridge General C(Q2-4vs Ql) A,S,0 0.70 0.57
Practice Health Study3! (0.50-0.96) (0.38-0.86)
Helsinki Aging Study3° C A,D ns
Massachusetts Male L (+2 pmol/l) A 1.00 0.89
Aging Study?’ (0.77-1.29) (0.79-0.99)
PAQUID-cohort? C (Q2-4 vs Q1) —~
(0.4-0.8)
Rancho Bernardo men3$ C (+2 umol/l) A,S,0 0.89 0.91 0.94
(0.85-0.92) (0.76-1.05) (0.78-1.08)
Study by Schaefer et al.3° C (+2 umol/l) A,S,0 0.95 0.84
(0.86,1.05) (0.71-1.02)

CV = cardiovascular; CHD = coronary heart disease.

*L = logistic regression; C = Cox regression; +2 pmol/l = change in DHEAS for which relative risk was determined; Q2-4 vs Q1 =

upper 3 quartiles versus first quartile.

A = adjusted for age, s = adjusted for smoking, D = adjusted for diseases (healthy or not healthy), 0 = adjusted for other relevant risk

factors, ns = not significant.

ships. One cohort study?! found a 75 percent (95 per-
cent confidence interval [95% CIJ: 16 percent-163 per-
cent, p = 0.007) higher cardiovascular death rate in men
with DHEAS level<1.60 pmol/l as compared to men
with DHEAS above this threshold. However, 3 other

studies33-39-38 reported non-significant relationships
between DHEAS and cardiovascular mortality.
Relative risks for fatal coronary heart disease were
available in 4 studies?’-30-32.33 None of the studies
found a significant relationship between DHEAS and
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Relative risks
and Cls

Studies ]

Fatal coronary heart disease
Honolulu Heart Program 714

Massachusetts Male Aging Study 1167

Rancho Bernardo Men 1029
Study by Schaefer ef al. 1601 . |
Al studies 4511 ‘s p=0-008
Heterogeneity p=0-02 A
Fatal and non-fatal coronary heart disease
Helsinki Heart Study 159 | 123
0.77.
Honolulu Heart Program 714 [
o 0.91
Physicians' Health Study 338 . ml
0.89
Massachusetts Male Aging Study 1167
All studies 2378 9,853 p=0-02
Heterogeneity p=0-89 .

000204 060810121416 18 2.0

Inverse association  Positive association

Fig. 1. — Association between DHEAS and fatal (top panel)
and fatal plus non-fatal (bottom panel) coronary heart disease.
Solid squares and diamonds represent relative risks and 95%
confidence intervals associated with a 2 umol/l increase in
DHEAS and have a size proportional to the standard error of
the estimate.

fatal coronary heart disease (table 2). Figure 1 (top
panel) shows the relative risks associated with a 2 umol/l
increase in DHEAS in each of the 4 studies. The risk
of fatal coronary heart disease tended to increase with
decreasing DHEAS levels in 3 studies, while in the
fourth study the relative risk was 1. There was signifi-
cant heterogeneity (p = 0.02) across the 4 studies, which
was attributable to the tendency towards a 45 percent
decrease (95% CI: -5 percent to 83 percent) in the risk
of fatal myocardial infarction associated with a 2 umol/l
increase in DHEAS in the Honolulu Heart Program?32.
Combining data from the 4 studies showed a 15 percent
(95% CI: 4 percent — 28 percent, p = 0.008) increase in
fatal coronary heart disease associated with a 2 pmol/l
decrease in DHEAS. However, after exclusion of the
retrospective Honolulu Heart Program the relative risk
weakened to 0.91 (95% CI: 0.82 — 1.03, p = 0.10).

Fatal and non-fatal cardiovascular events and fatal
and non-fatal stroke were not considered as an end
point in any of the studies.

One cohort study?” and 3 case-control studies28-32-33
reported on the association between DHEAS and fatal
plus non-fatal coronary heart disease (table 2). The
relative risks associated with a 2 pmol/l increase in
DHEAS in each of the 4 studies are illustrated in
figure 1 (bottom panel). The risk of coronary heart dis-
ease tended to increase with decreasing DHEAS levels
in 3 of the 4 studies. However, statistical significance
was reached in only 1 study?’. Heterogeneity was not
significant by the chi-square statistic (p = 0.89). When
the 4 studies were combined, the risk of coronary events
increased by 13 percent (95% CI: 2 percent — 26 percent,
p = 0.02) for each 2 umol/l decrease in DHEAS.

Table 3. — Age-adjusted relative Risk Associated with dehydroepiandrosterone sulfate in women

Study Statistical Adjustment Mortality Fatal and nonfatal events
method*
Total Ccv CHD CV Stroke CHD

Case-control studies
Cambridge General C(Q2-4 vs Q1) A,S,0 1.08 1.15
Practice Health Study3! (0.71-1.63) (0.62-21.1)
Helsinki Aging Study3° c® A,D ns ns
PAQUID-cohort? C (Q2-4vs Ql) - 1.25

(0.83-2.00)
Rancho Bernardo cohort3’ C (+2 umol/l) A,S,0 0.91 1.17 0.88

(0.73-0.95) (0.72-1.38) (0.78-1.28)
Study by Legrain et al.3° ? A ns
(86% women)
Study by Schaefer et al.3° C (+2 umol/l) A,S,0 1.12

(1.00-1.31) (0.89-1.51)

CV = cardiovascular; CHD = coronary heart disease.

*L = logistic regression; C = Cox regression; +2 pmol/l = change in DHEAS for which relative risk was determined; Q2-4 vs Q1 =

upper 3 quartiles vs. lower quartile.

A = adjusted for age, s = adjusted for smoking, D = adjusted for diseases (healthy or not healthy), 0 = adjusted for other relevant risk

factors, ns = not significant.
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Prognostic significance of DHEAS in women
Six cohort studies?-30-31:36.37.39 reported on the prog-
nostic significance of DHEAS in women (table 3). Five
of the six studies found non-significant relationships
between DHEAS and all cause®-30:31:36.39 cardiovas-
cular3'3¢ and coronary heart disease3 mortality. In
the Rancho Bernardo cohort3’, a decrease in DHEAS
of 2 umol/l was associated with a significant 10 percent
(95% CI: 5 percent — 37 percent) increase in all-cause
mortality. However, in the same cohort, DHEAS was
not related to cardiovascular or coronary heart disease
mortality. Pooled relative risks were not calculated
because in 4 of the 6 studies the relative risks associated
with a 2 pmol/l increase in DHEAS were not reported
and could not be calculated from the available data.

Discussion

The present review showed that the available data
on the prognostic significance of DHEAS are scarce.
In addition, characteristics of the patients, definition
of end points, confounding factors and statistical meth-
ods differed across studies. The pooled results of
4 studies suggested that low DHEAS might be pre-
dictive of coronary heart disease in men. The available
data did not allow drawing any conclusions on the
prognostic value of DHEAS in women, nor on a rela-
tionship between DHEAS and total or cardiovascular
mortality or stroke in men.

There may be several explanations for the observed
inverse association between DHEAS and coronary
heart disease in men. First, DHEAS may play a direct
role in the pathogenesis or prevention of coronary
heart disease. Based on the observation that DHEA
has an inhibitory effect on cell growth and prolifera-
tion, it has been suggested that decreased DHEAS
levels may promote proliferation of vascular intimal
cells and the formation of atherosclerotic plaques*.
Secondly, DHEAS may be indirectly related to coro-
nary heart disease via an effect on lipids, lipoproteins,
or other coronary heart disease risk factors. It has been
suggested that decreased DHEAS levels may promote
the biosynthesis of free fatty acids through inhibition
of glucose-6-phophatase dehydrogenase, which is the
entry point into the pentose phosphate pathway!240-41,
Several studies reported a negative association between
DHEAS and total cholesterol'®42 and a positive
association between DHEAS and high-density lipo-
protein cholesterol in men, but not consistently in
women!3:14.16.24.38.40.43 "The other classical risk factors
were not consistently associated with DHEAS in cross-
sectional studies. Third, DHEAS may be associated
with cardiovascular disease due to confounding with
other causal agents such as insulin resistance***>,
immune responses'?, or neural effects*. These factors

may be responsible both for the decline in DHEAS
and for the onset of coronary heart disease.

In 1987, Barrett-Connor et al.#’ reported, in 289
postmenopausal women from the Rancho Bernardo
cohort, a J-shaped relationship between DHEAS and
subsequent cardiovascular mortality. Women with
DHEAS levels in the highest tertile (>2.5 umol/l) had
a 12-year cardiovascular mortality rate about twice as
high as those in the lowest tertile (<1.4 umol/l) and
about 5 times as high as in the middle tertile. How-
ever, these findings could not be confirmed in a later
publication based on a larger cohort and a longer fol-
low-up?’. The present review showed that the available
data are too scarce to draw any conclusions on a pos-
sible sex difference in the prognostic value of DHEAS.
A sex-specific effect of DHEAS on cardiovascular
events can, however, not be excluded. Indeed, Ebeling
et al.! suggested that DHEA could have both oestro-
genic and androgenic effects depending on the hor-
monal milieu. In men DHEA might bind to vacant
oestrogen receptors and enhance oestradiol-like effects,
thereby conferring protection against coronary heart
disease. By contrast, in postmenopausal women,
DHEAS might increase free testosterone concentra-
tion, leading to a reduction in HDL-cholesterol and
an increased cardiovascular mortality rate!.

The present analyses assumed a log-linear rela-
tionship between DHEAS and outcome. However,
some investigators found that only subjects with
DHEAS levels in the lowest quartile were significantly
more likely to die3! or to experience a coronary
event?’ during follow-up. Most published reports did
not provide sufficient data to test the hypothesis that
only the lowest levels of DHEAS would be associated
with an increased risk. As a consequence the relative
risks reported in the present paper may have been
underestimated.

Comparison of DHEAS levels between populations
does not support the hypothesis that low DHEAS lev-
els increase coronary heart disease rates. Indeed, pop-
ulations, which have the lowest coronary heart disease
rates such as the Japanese, also have low mean DHEAS
levels!3-32:48 However, between-population compar-
isons have major problems of interpretation because of
confounding variables. Nevertheless, DHEAS per se
does not appear to explain between-population differ-
ences in cardiovascular mortality and morbidity.

From the observed inverse association between
DHEAS and coronary heart disease, the question of a
beneficial effect of DHEA administration arises>. We
are unaware of any prognostic studies examining the
effect of DHEA supplementation on cardiovascular
mortality and morbidity. In 1970, 5 of 6 elderly men,
aged 65, 66 and 70 years, were relieved from symptoms
of advanced angina pectoris within 1 to 4 weeks of
initiating 80 mg DHEA per day*. Several clinical
trials have studied the effects of DHEA administra-
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tion on serum lipids'3>3%-34, The oral administration of
a very high dose (1600 mg/day during 4 weeks) of
DHEA to 5 normal men, aged 22 to 25 years, has been
shown to lead to a reduction of 7.1 percent (p<0.05)
in total cholesterol and 7.5 percent (p<0.01) in low-
density lipoprotein cholesterol!. Similarly, in a ran-
domised 4-week cross-over trial in 6 postmenopausal
women®, a marked decline of 11.3 percent (p<0.05)
in serum total cholesterol and 20 percent (p<0.05) in
high-density lipoprotein was observed within one week
of DHEA administration (1600 mg/day). In another
double-blind randomised placebo-controlled cross-over
trial’!, 13 men end 17 women, aged 40 to 70 years,
received a replacement dose of 50 mg DHEA per day
during 3 months. Serum lipids did not change in men
and women, with the exception of high-density lipopro-
teins in women, which were reduced by 7.7 percent
(p<0.05). These findings were later confirmed in a sim-
ilar study>? using a larger dose (100 mg) of DHEA for
a longer duration (6 months) in 8 men and 8§ women,
aged 50-65 years. As compared to placebo, no changes
in serum lipid levels on DHEA were observed, apart
from a tendency towards a decrease in high-density
lipoproteins by 13.9 percent (p = 0.07) in women.
Similarly, Casson et al.>3 found that, in a 6-month
randomised double-blind placebo-controlled trial in
13 postmenopausal women, DHEA replacement
(25 mg/day) resulted in a 19.9 percent (P<0.05) decrease
in high-density but not low-density lipoprotein. Finally,
in a randomised double-blind placebo-controlled trial>*
that examined the effects of 50 mg/day of oral DHEA
for 3 months in 60 perimenopausal women, changes in
serum lipids were comparable in the intervention and
control groups.

Conclusion

In conclusion, the present findings suggest that, in
men, reduced serum DHEAS may be associated with
coronary heart disease. However, to the best of our
knowledge, no long-term trials with cardiovascular dis-
ease end points have been reported. Whether admin-
istration of DHEA has any cardiovascular benefit is
still unestablished.
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