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ABSTRACT

Dehydroepiandrosterone and dehydroepiandrosterone sulfate are en
dogenous steroids largely produced in the adrenal cortex and excreted in
the urine. Many studies have demonstrated that administration of dehy
droepiandrosterone to animals protects against a variety of chemical
carcinogens. Kpidemiological studies suggest that the circulating levels
of these steroids in humans are related to the risk of developing some
cancers and of dying from atherosclerotic cardiovascular disease. We
measured serum levels of both of these steroids in 35 individuals who
donated serum to a community-based serum bank in 1974 and who
subsequently developed bladder cancer and in 69 matched controls from
the same cohort of volunteers. Prediagnostic serum levels of dehydroepi
androsterone and dehydroepiandrosterone sulfate were significantly lower
among cases compared with controls. The risk of developing bladder
cancer increased monotonically with decreasing serum levels of both
steroids. The observed associations were not affected by adjustment for
smoking or the time interval between serum collection and diagnosis.
These results support a role for dehydroepiandrosterone and/or dehydro
epiandrosterone sulfate in the prevention of bladder cancer.

INTRODUCTION

Bladder cancer, the sixth most common cancer in the United
States, will account for over 10,000 deaths in 1990 (1). Al
though the etiology of bladder cancer is not certain, a number
of modifiable host and environmental risk factors have been
identified. These include cigarette smoking, radiation, schisto-
somiasis. and exposure to specific chemical carcinogens such
as 2-naphthylamine (2. 3). Other suspected bladder carcinogens
include saccharin and coffee (4-7). Exogenous factors that may
reduce the incidence of bladder cancer include a high dietary
intake of retinol. /i-carotene, and other retinoids (8-20). In
addition, high levels of selenium in serum appear to be associ
ated with a decreased risk of developing bladder cancer (21). In
an experimental rat model, the addition of DHEA' to the diet

reduces the incidence of papillary and nodular hyperplasia in
the urinary bladder resulting from exposure to dihydroxy-di-n-
propylnitrosamine (22). Therefore we investigated the possibil
ity that serum levels of the endogenous anticarcinogenic steroid,
DHEA, and its sulfate, DHEAS. might be associated with the
risk of developing bladder cancer.

DHEA and DHEAS are endogenous steroids produced in
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the adrenal gland in response to adrenocorticotropic hormone.
Substantial amounts of these steroids, particularly DHEAS. are
excreted in the urine (for review, see Ref. 23). With the excep
tion of cholesterol, DHEAS is the most abundant steroid in the
circulation, and its levels are 300 to 500 times higher than
those of DHEA. Circulating levels of these steroids reach a
peak in individuals of both sexes at about age 20 to 25 and
thereafter decline continuously with age (24, 25). The profound
decline with age has led to investigation of the intriguing
possibility that serum levels of DHEA and DHEAS are related
to the development of age-associated diseases such as cancer
and atherosclerosis. This hypothesis is supported, in general,
by epidemiologie studies showing an association of low serum
or urinary levels of DHEA and/or DHEAS with the presence
or risk of developing cancer (26-29) and with increased mor
tality from cardiovascular disease (30). However, women with
early operable postmenopausal breast cancer have higher 24-h
mean plasma levels of these steroids than do healthy controls
(28), and high serum levels are also associated with an increased
risk of developing postmenopausal breast cancer (31). None
theless, animal experiments provide additional support for the
protective effect of DHEA. In rodents, administration of
DHEA reduces the incidence of spontaneous and carcinogen-
induced tumors, retards the development of atherosclerosis,
and increases life span (32-34). We hypothesized, therefore,
that the bladder lining, where most bladder cancers arise, might
be uniquely protected by DHEA by virtue of its exposure to
DHEA and DHEAS from both the circulation and the urine.

The present study was designed to assess the association
between circulating levels of DHEA and DHEAS and the risk
of developing bladder cancer. We compared serum levels of
DHEA and DHEAS in individuals who subsequently developed
bladder cancer with serum levels from matched controls without
bladder or other cancers. Serum samples from both cases and
controls were obtained from the Washington County serum
bank. This serum bank is located in Maryland and was estab
lished in 1974.

MATERIALS AND METHODS

A nested case-control study was conducted with use of serum samples
from a cohort of Washington County residents who participated in the
establishment of a serum bank in 1974. A private census with an
estimated coverage of 90r< of county residents was carried out in the

summer of 1975 to ascertain the extent of participation in the blood
collection drive (21).

Serum samples were collected from 25.802 participants. Of these
samples. 20,305 (representing 30rr of the adult county residents) were

collected from persons enumerated in the private census and were
included in the cohort used for this study. Women, nonsmokers. and
better educated individuals were more likely to have donated samples.
The age range of the participants was 11 to 98 yr. with the highest
participation rate among those aged 55 to 64 yr. A brief questionnaire
was administered to all participants at the time of blood collection.
Basic demographic information, smoking history, including number of
cigarettes smoked per day in 1974. and information on all medications
taken during the 48 h prior to blood sampling were recorded.
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Incident bladder cancer cases were identified through discharge rec
ords from Washington County Hospital, the county's only general

hospital, and from death certificates of county residents. During the
period from January 1975 to June 1986 inclusive, 44 new cases of
bladder cancer were identified among the study population. Complete
ness of ascertainment was assessed by comparing the number of ob
served cases with the number expected at the 1978-1981 race-sex-age-

specific rates for the Surveillance, Epidemiology and End Results
Program (SEER) registries (exclusive of Puerto Rico) to the estimated
midpoint population of the cohort. The observed:expected ratio was
1.04. Of the 44 cases. 9 had to be excluded because their sera had been
used in previous studies or they had a previous cancer. For each study
case, the pathology report was reviewed. Transitional cell carcinomas
accounted for 86% of the cases. Sufficient serum was available in all 35
cases for measurement of DHEAS levels, and in 34 cases for DHEA
levels. Approximately two-thirds of the cases analyzed occurred in men

(23 cases).
Two controls were selected for each case. Controls were alive and

free from known cancer, with the exception of basal or squamous cell
skin cancer, at the time of diagnosis of the cases. Cases and controls
were matched with respect to sex, race, and age within 1 yr and for the
time interval (within 2 h) between blood collection and the previous
meal.

Laboratory Assays. Serum was prepared from blood samples within
a few hours of blood collection and always within 24 h. The sera were
then maintained at -70Â°C until they were thawed for the preparation

of aliquots for another study. The thawed samples were maintained on
ice for less than 3 h before refreezing at â€”70Â°Cand then were main
tained at -70Â°C until DHEA and DHEAS analyses were performed.

Coded sets consisting of a case and its matched controls were assayed
on the same day. Quality control samples were included in some sets.
All assays were done in triplicate, and the laboratory personnel were
unaware of the coding within sets. If a sample required replication, the
entire set was reassayed.

DHEA and DHEAS assays were performed with radioimmunoassay
kits from Wien Laboratories, Succasunna, NJ. These reagents were
selected by comparison with combined Chromatographie and enzymatic
assays for DHEA and DHEAS (35). The kits were used as suggested
by the manufacturer except that DHEA was extracted from serum with
a 1:1 (v/v) mixture of dichloromethane and hexane. Distilled water
extraction blanks were included in each DHEA assay. Known quality
control samples were included in each assay. Standards were assayed
in quadruplicate, and maximum binding was determined in six samples
per assay. A logit regression was used to calculate the concentration of
steroid in the samples. Inter- and intraassay variation was less than
10% for both DHEA and DHEAS.

Statistical Analysis. The SAS Statistical Package was used for anal
yses (36). DHEA and DHEAS levels were treated as both continuous
and categorical exposure variables. The PROC analysis of variance
procedure, which performs a paired t test allowing for 2:1 matching,
was used to assess the mean difference in serum hormone levels between
cases and controls. Because the distributions for DHEA and DHEAS
are skewed, natural log transformations were used for statistical tests
examining DHEA and DHEAS as continuous exposure variables. Con
ditional logistic regression analysis was used to assess and adjust for
potential confounders of the association between DHEA and DHEAS
levels and the risk of bladder cancer.

Tortile cutpoints for DHEA and DHEAS were based on the distri
bution of the hormone levels in the control population. Odds ratios
were calculated from the regression coefficients, with the highest cate
gory of hormone levels as the reference value. Monotonie trends for
the risk estimates were evaluated by the regression coefficients when
the hormones were examined in the model as continuous variables. A
95% CI was used for significance testing. All P values are based on
two-tailed tests.

RESULTS

Table 1 Selected characteristics afeases and controls

Age(yr)No.
of yr ofschoolingNo.
of h from lastmealMalesSmoking

history in1974CigarettesNever

smokedFormerly
smokedCurrent

smoker1-20
cigarettes/day20+

cigarettes/dayCigars,
eversmokedPipes,

eversmokedEver
smoked cigarettes, cigars, orpipesÂ°

Mean Â±SD.*
Percentage of total.Cases(n

=35)58.9

Â±7.8"11.4

Â±3.63.5
+2.466Â»23432311202680Controls(n

=70)58.9

Â±7.810.5
Â±3.23.3
Â±2.46639291914161166

ble 1. As a result of matching, cases and controls had the same
sex-race composition (all cases were white), age, and time
interval between blood collection and the previous meal. None
of the observed differences, including the smoking history, was
statistically significant at the 95% level of confidence.

Table 2 shows the mean levels and the range of values of
DHEA and DHEAS among cases and controls. Cases tend to
have lower levels for both DHEA and DHEAS, but this is more
pronounced for DHEA.

Because smoking has been reported to be associated with
both DHEA and DHEAS levels and the risk of bladder cancer
(2, 3), it is a potential confounding variable. Among the con
trols, current smokers at the time of blood collection tended to
have higher levels of DHEAS, but the correlation between
DHEAS levels and the number of cigarettes smoked per day
was not statistically significant (r = 0.16, P = 0.3). DHEA
levels were not correlated with the number of cigarettes smoked
per day (r = 0.001, P = 0.99). Adjustment for the effects of
cigarette smoking at the time of blood collection was made by
using the categories of ever versus never smokers as well as by
the categories of current smokers in 1974, former smokers, and
never smokers. Because none of these adjustments altered the
observed associations between DHEA and DHEAS levels and
the risk of developing bladder cancer, only the unadjusted odds
ratios are presented in Fig. 1. The risk of bladder cancer
increased with decreasing levels of both DHEA and DHEAS.
The trends for DHEA and DHEAS increased monotonically
(P = 0.06 and P = 0.04, respectively). Similar analyses were
done treating DHEA and DHEAS levels as continuous vari
ables. The estimated risk of developing bladder cancer increases
2-fold for every 1-log unit of decrease in DHEA (pmol/ml)

Table 1 Mean and ranges of serum levels ofDHEA and DHEAS in cases and
controls

Cases Controls

Comparisons of cases and controls on matching criteria and
other potentially confounding characteristics are shown in Ta-

DHEA" (pmol/ml)
Total subjects 7.07 Â±4.2T (0.94-24.08)'' 9.04 Â±4.86 (1.94-24.62) 0.03
Females 6.10 Â±2.81 (2.68-12.54) 9.41 Â±6.14 (1.94-24.62) 0.20
Males 7.54 Â±4.72 (0.94-24.08) 8.85 Â±4.08 (2.63-17.73) 0.12

DHEAS'(nmol/ml)
Total subjects 2.98 Â±2.17 (0.11 -9.72) 3.75 Â±2.29 (0.27-9.33) 0.03
Females 1.74 Â±1.20 (0.11-3.99) 2.61 + 1.35(0.27-5.84) 0.06
Males 3.63 Â±2.29 (0.77-9.72) 4.36 Â±2.46 (0.71-9.33) 0.24
" Paired t test based on log-transformed values for DHEA and DHEAS.
* Number of cases = 34 ( 11 female. 23 male): number of controls = 67 (22

female, 45 male).
c Mean Â±SD.
Ã¤Numbers in parentheses, range of values.
' Number of cases = 35(12 female. 23 male): number of controls = 69 (24

female. 45 male).
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DHEA DHEAS

Fig. I. Odds ratios of developing bladder cancer according to serum DHEA
and DHEAS levels. â€¢highest tertile: O, middle tenue; D. lowest lertile. The
highest tertile is the reference category. Middle tertile values for DHEA are 6.31
to 10.18 pmol/ml inclusive; the odds ratio is 2.84 (95% confidence interval. 0.83
to 9.74); the lowest tertile odds ratio is 4.01 (95% confidence interval. 1.19 to
14.54); and lest for trend P = 0.06. Middle tertile values for DHEAS are 2.50 to
4.23 nmol/ml inclusive; the odds ratio is 2.19 (95% confidence interval. 0.72 to
6.66); the highest tertile odds ratio is 3.74 (95% confidence interval, 1.07 to
13.08); and test for trend P = 0.04.

(95% CI, 0.97 to 4.54) and DHEAS (nmol/ml) (95% CI, 1.03
to 3.70).

Since cancer may have been present at the time of blood
collection in some cases and some of the observed effects might
be related to the presence of the cancer, we examined the results
of stratifying the cases by early diagnosis (those diagnosed
within 2 yr of blood collection, 5 cases) and late diagnosis
(those diagnosed more than 2 yr from the time of blood collec
tion, 30 cases). The observed protective effects of DHEA and
DHEAS against bladder cancer were even stronger with the
exclusion of cases diagnosed within 2 yr of donating serum.
The odds ratios for the development of bladder cancer among
cases diagnosed after 2 yr for the middle and low tertiles
compared with the highest tertiles were as follows: for DHEA,
3.53 (95% CI, 0.87 to 14.36) and 4.87 (95% CI, 1.26 to 20.40),
respectively; and for DHEAS, 2.21 (95% CI, 0.65 to 7.54) and
5.82 (95% CI, 1.36 to 24.04), respectively. Similar relationships
between serum levels of DHEA and DHEAS and the risk of
bladder cancer were observed for both men and women.

DISCUSSION

The results of this prospective study indicate that in both
men and women high serum levels of DHEA and DHEAS are
associated with a decreased risk of developing bladder cancer.
We are unaware of any other study that has examined the
association between DHEA and DHEAS and the development
of bladder cancer in humans. DHEA and DHEAS can be
converted to potent estrogens and androgens, and it is thought
that such steroids might have a role in the development or
progression of bladder cancer (37). For example, bladder cancer
is found more commonly and may have a more aggressive
behavior in men (1, 37, 38). There are also examples of an
increased susceptibility of male animals to spontaneous and
chemically induced bladder cancers (39. 40). In one such study,
castration of males or testosterone supplementation of male
castrates or normal females minimized the gender-related dif
ferences in tumor occurrence (40). However, there are other
models in which female animals are more susceptible to bladder
carcinogens (41). Thus, the evidence directly implicating andro-

genic and estrogenic steroids in the etiology or progression of
bladder cancer remains incomplete. Although formal studies of
the effect of DHEA as a chemoprotective agent in animal
models of bladder cancer are currently under way (42), the
incidence of bladder nodular and papillary hyperplasia in male
rats exposed to dihydroxy-di-n-propylnitrosamine is reduced by
the inclusion of DHEA in the diet (22). We believe, therefore,
that these serological findings are consistent with the results of
laboratory observations.

The mechanism by which DHEA/DHEAS exerts this pro
tective action is not known, but the protective effect may be
related to the ability of DHEA to inhibit cellular proliferation
and differentiation and to alterations in the metabolism of
various carcinogens with the resultant decreased binding to
DNA (32-34). It has been suggested that these actions are
secondary to the uncompetitive inhibition of glucose-6-phos-
phate dehydrogenase by DHEA and the subsequent decreased
availability of 5-carbon sugars for the synthesis of ribo- and
deoxyribonucleosides and of reduced nicotinamide adenine di-
nucleotide phosphate (NADPH) for xenobiotic metabolism and
biosynthetic processes. In fact, such inhibition of glucose-6-
phosphate dehydrogenase appears to be responsible for the
block of differentiation of 3T3-L1 preadipocytes exposed to
DHEA and related steroids (43).

The genitourinary tract and the lining of the bladder, in
particular, may have a unique level of exposure to DHEA and
DHEAS and, hence, this site might be particularly suitable as
a target for chemoprotection with DHEA. Alternative expla
nations for our findings should also be considered. In any cohort
study the possible effects of a bias introduced by different losses
to follow-up among cases and controls should be considered.
However, the Washington County population has a low rate of
outmigration ( 1% per year), and case ascertainment is estimated
to be reasonably complete. Therefore this is unlikely to affect
the observed results of this study. Also, the observed association
may not be a direct protective effect by DHEA or DHEAS but
rather an effect of some other factor(s) for which it is a surrogate
marker.

Despite the small size of the study and its limited power, the
findings of a significant quantitative association between
DHEA and DHEAS and the risk of bladder cancer, together
with a dose-response relationship, are consistent with a chem
oprotective effect of these adrenal steroids against bladder
cancer. Nevertheless, as in all observational studies, it is im
portant to determine whether these findings can be replicated
in animal models and other human studies.
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