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ABSTRACT

INTRODUCTION
There is a high index of suspicion that sex hormones have a
role in the development of prostate cancer. Androgens are
required for the growth, maintenance, and functional activity
of the prostate gland. Eunuchs, whose testes have been removed
or never developed, have not been clinically observed to develop
prostate cancer or even benign prostatic hypertrophy (1, 2).
Furthermore, castration and estrogen therapy can produce a
palliative effect against prostate cancer (3). Because of some of
these observations, researchers suspect that the risk of prostate
cancer is determined by the exposure over time of prostate
tissue to elevated levels of androgens (1).
Case-control investigations in men have found equivocal
results in studying the association of serum hormone levels
with prostate cancer. Serum testosterone levels in cases were
observed to be elevated (4, 5), depressed (4, 6-8), or similar (9)
as that of controls. Dihydrotestosterone was also measured in
some studies and was found to be similar (4, 5, 7) or lower (8)
in cases than in controls. Researchers have observed that serum
estrone was similar (7) or higher (4, 6, 8) in cases than in
controls. Serum estradiol levels were also higher in cases than
in controls in one study (6), but no significant differences were
noted in three other investigations (4, 7, 9).
Because blood was obtained after diagnosis in these casecontrol studies, it is uncertain to what extent the presence of
prostate cancer affected the hormone results. In the present
study, we had the opportunity to investigate the association of
serum hormones with prostate cancer in serum obtained before
the cancer was diagnosed.
Another advantage in this study is that it is focused on men
of Japanese ancestry in the United States who have recently
experienced a marked change in prostate cancer risk. The
Japanese men in Japan have about the lowest incidence rate of
prostate cancer (4.9/100,000/year in Miyagi Prefecture) among
different population groups in the world (10). Their Japanese
counterparts living in Hawaii, United States of America, have
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MATERIALS

AND METHODS

From 1965 to 1968. 8006 men of Japanese ancestry, born between
1900 and 1919, were examined by the Honolulu Heart Program on the
Hawaiian island of Oahu. Approximately 6 years later, from 1971 to
1975, 6860 of these men returned for another round of examinations.
At that time, a nonfasting venous blood sample was obtained. The sera
were stored at -75Â°C. The subsequent clinical diagnosis of prostate
cancer among the 6860 men was recorded by continuous surveillance
of all general hospitals on Oahu for a period of about 14 years. Each
clinical case of adenocarcinoma was confirmed by histolÃ³gica! exami
nation of tissue obtained by biopsy or surgery. A computer linkage file
was established with the Hawaii Tumor Registry to reduce the possi
bility of missing incident cases during the surveillance period. Based
on a 19-year follow-up survey of the study subjects since their 19651968 examination, it was determined that only 1.6% of the men could
not be found on Oahu. As a result, the surveillance for incident cases
of prostate cancer should be nearly complete.
A stored serum sample was available from 98 of the 103 incident
cases of prostate cancer. Each case was matched with one control from
the study population. The controls were selected so that each casecontrol pair had the same age except for one pair (1 year difference),
the same month and year of examination except for 10 pairs (up to 6
months' difference) and the same hour of day of blood sampling. The
control subjects were alive and did not have any cancer diagnosis at the
time of the diagnosis of the matched case. Therefore, death was not a
competing risk in this study.
The frozen sera, which had never been thawed before, were sent in
dry ice to Los Angeles for analysis. The laboratory technician could
not distinguish sera of cases from that of controls and treated them
identically in the analysis. Testosterone levels were measured by the
method of Anderson et al. (11). Radioimmunoassay procedures were
used to determine the serum levels of dihydrotestosterone (12). Estrone
and estradiol were measured by the method of Devane et al. (13). Sex
hormone-binding globulin activity was determined by the selective
ammonium sulfate precipitation technique of Rosner (14), using initi
ated dihydrotestosterone as ligand.
The serum hormone distributions were sufficiently skewed to indicate
the use of nonparametric methods of statistical analysis. The 1:1
matching was preserved in all analyses. For the simple comparison of
case versus control serum hormone levels, the Wilcoxon signed-rank
test for paired samples was used ( 15). Relative risks of prostate cancer
by levels of serum hormones were derived from CLR3 models (16). The
relative risk estimates the risk of disease in a particular group (e.g.,
hormone level) relative to the risk in a referent group. Tertiles of serum
hormones were determined based on the controls only, and the lowest
hormone tertile was chosen as the referent group. The tertile cut points
for the different hormone variables in Tables 2 and 3 were as follows:
testosterone (pg/ml): <3300, 3301-4700, >4701; dihydrotestosterone
(pg/ml): <350, 351-500, >501; testosterone/dihydrotestosterone
ratio:
Â£7.70,7.71-11.50, >11.51; estrone (pg/ml): <25, 25-34, >35; estrodial (pg/ml): <I5, 16-22 >23; sex hormone globulin (10~* M): <3.60,
3.61-4.60, ==4.61.
Confidence intervals (95%) were used to determine whether relative
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Serum samples were obtained from 6860 men during their study
examination from 1971 to 1975. After a surveillance period of about 14
years, 98 incident cases of prostate cancer were identified. Their stored
sera and that of 98 matched controls from the study population were
tested for the following: testosterone, dihydrotestosterone, estrone, estra
dici, and sex hormone globulin. There was a suggestion that serum
dihydrotestosterone levels were lower and the testosterone/dihydrotestosterone ratios were higher in the prostate cancer cases compared with
their controls. However, none of these associations or that of the other
hormones was strongly significant. Further work is needed to clarify the
relationship between sex hormones and prostate cancer risk.

experienced a greater risk for this disease with an annual
incidence rate of 35.9/100,000 over the same period of time.
As such, studying this population provides us with an oppor
tunity to identify hormonal factors related to prostate cancer
risk in a transition group for this disease.

SERUM HORMONES AND PROSTATE CANCER

risk was significantly different from 1.0. Tests for linear trend in the
logit of risk was derived from CLR models by using a grouped serum
hormone variable (coded 1, 2, 3). All CLR models were fitted by using
iterative maximum likelihood methods and a special application of
proportional hazards regression models (17).

Table 3 Relative risk of prostate cancer by tertile of serum Hormone levels and by
time interval from examination to diagnosis
Serum hormone and time
1(low)Dihydrotestosterone<5.5
interval (yr)

â€”

value
for
trend0.030.761.000.060.620.20
(high)0.24*1.251.003.730.733.13P

32)Â°>5.5-8.25
(n =
33)>8.5
(n =
33)Testosterone/dihydrotes-tosterone
(n =

RESULTS

DISCUSSION

Because of the marked increase in prostate cancer risk among
the Japanese in Hawaii and because of compelling evidence
indicating the presence of a hormonal influence on the course
of prostate cancer, we studied the association of serum hormone
levels with the risk of this disease. Serum dihydrotestosterone
levels tended to be lower in cases than in controls, but the
magnitude of the differences was not impressive. When the
cases were separated by the time interval from examination to
diagnosis, the cases diagnosed within 5.5 years of examination
had a significantly lower serum dihydrotestosterone level than
their matched controls. This could be a chance finding or it
could be that there is a reduction in circulating levels of dihy
drotestosterone that can occur within a few years of the diag
nosis of prostate cancer. In either case, it is clear from the data
that a low serum dihydrotestosterone level does not predict an
increased risk for prostate cancer many years after the serum
specimen is obtained.
One case-control study in the past noted that prostate cancer
cases had lower levels of serum dihydrotestosterone than con
trols (8), while three others did not (4, 5, 7). It is difficult to
compare the results of our study with that of case-control
studies in which blood samples were obtained after the diagnosis
of prostate cancer. Many of the past studies collected the blood
before the patients underwent treatment, but more likely than
not the patients were already symptomatic from their condition.
In our study, the mean time interval from examination to
diagnosis
was 7.2 years with a range of 2 months to 14 years.
Table 1 Comparison of prostate cancer cases and controls by serum hormone
On this basis, it is likely that many of the subjects were not yet
levels
Controls (n = 98)
Cases (n = 98)
experiencing the effects of their cancer.
Another problem in past case-control studies rests on the
Serum hormone
Median
Mean Â±SD
Median
Mean Â±SD
P*
selection of the control subjects. Oftentimes, information is not
Testosterone
(pg/ml)Dihydrotestosterone(pg/ml)Estrone
0.84450.3
Â±1784.7
1695.6416.8
Â±
provided on the source of controls or how they were selected.
191.531.3
Â±
182.229.5
Â±
In epidemiolÃ³gica! studies, the controls should be representative
(pg/ml)Estradici
9.318.0
Â±
10.918.9
Â±
of
the population from which the cases were identified and
(pg/ml)Sex
Â±4.73.9
Â±6.24.0
should have an equal opportunity to be exposed to the variables
bindingglobulin
hormone
Â±1.30.300.350.330.80
Â±1.24104.0407.030.017.04.14308.8
(10"' M)3960.0388.028.018.04.04205.5
under study. It is not certain that these conditions prevailed in
" For paired case-control differences by Wilcoxon signed-ranks test.
past studies, as they did in this study.
It is possible that the testosterone/dihydrotestosterone
ratio
is a reliable index of circulating androgens, since testosterone
Table 2 Relative risk of prostate cancer by tertile of serum hormone levels
is metabolized to dihydrotestosterone. Ghanadian et al. (5)
value
observed that a high testosterone/dihydrotestosterone
ratio in
for
hormoneTestosterone
Serum
(low)1.00
(high)0.99 trend1.00
serum discriminated prostate cancer cases from controls, but
the work of others (4, 7) did not support this finding. In the
Dihydrotestosterone
1.00
0.75
0.66
0.23
present study, there was a weak suggestion that an elevated
4.92Â°1.091.57
2.69Â°0.89
Testosterone/dihydrotes0.060.79
1.001.00
testosterone/dihydrotestosterone
ratio in serum increased the
tosterone ratio
Estrone
risk for prostate cancer.
0.57
Estradiol
0.32
1.00
There was no indication that serum testosterone levels were
Sex hormone binding
0.60
1.00Tertile20.82
1.123
0.85P
globulin1
higher or lower in cases than in controls. There is a circadian
Â°Relative risk is significantly different from unity, with /' < 0.05.
rhythm of testosterone in the blood with maximum levels noted
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The comparison of cases and controls by serum hormone
levels is shown in Table 1. In each comparison, the mean levels
of the cases were lower than that of the controls, but none of
the differences was statistically significant. The most notable
result was the low level of dihydrotestosterone in the prostate
cancer cases.
The relative risks of prostate cancer by approximate tertiles
of serum hormone levels are presented in Table 2. A hint of a
negative trend of decreasing risk with increasing levels of di
hydrotestosterone was observed, but the trend was not statisti
cally significant. For the testosterone/dihydrotestosterone
ra
tio, subjects in the second and third tertiles had significantly
elevated risks for prostate cancer, but the relative risk was
highest for the subjects in the middle tettile.
In order to study the time dependency of the relationship
between selected serum hormone variables and prostate cancer
risk, we separated the cases into three approximately equal
groups based on time interval from blood sampling to diagnosis.
The results for serum dihydrotestosterone and the testosterone/
dihydrotestosterone ratio are presented in Table 3. The risk of
being diagnosed with prostate cancer within 5.5 years of ex
amination progressively decreases with increasing dihydrotes
tosterone levels. There were 32 cases of prostate cancer and
their 32 matched controls in this particular group of subjects.
The mean serum dihydrotestosterone levels were 384 pg/ml for
the cases and 510 pg/ml for the controls (P = 0.03 from
Wilcoxon signed-rank test). The relationship between the testosterone/dihydrotestosterone
ratio and prostate cancer risk
was not appreciably affected by the time interval from exami
nation to diagnosis. Comparable analyses for the other serum
hormones were not remarkable.

ratio<5.5
32)>5.5-8.25
(n =
33)>8.25 (n =
(n = 33).00.00.00.00.00.00Tertile20.480.891.004.652.516.06*3
Â°n, number of case/control pairs.
* Relative risk is significantly different from unity, with P < 0.05.

SERUM HORMONES AND PROSTATE CANCER

usually in the early morning with progressive decrease till the
lowest levels are reached in the early evening (8). On this basis,
it could be considered difficult for a single specimen to be a
reliable indicator of a person's serum testosterone profile. We
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attempted to control for this factor by selecting a control subject
seen at the same hour of the day at which time their matched
case was examined. Dai et al. (19) have studied the epidemiol
ogy of testosterone in the blood and provide evidence to indicate
that a single specimen is repeatable and reliable in individuals.
The correlation coefficient of plasma testosterone taken 4 days
apart was 0.81 and for 1 year apart, 0.51.
Past studies have found that testosterone levels of cases were
either higher (4, 5), lower (2, 4, 6, 7), or similar (9) to that of
controls. If one accepts the view that testosterone excess could
increase the risk for prostate cancer (1), then the cases would
be expected to have elevated serum testosterone levels. How
ever, the situation may be a complex one. For example, if the
metabolic clearance rate of testosterone in the blood is greater
in cases than in controls as suggested in one study (7), then the
serum testosterone levels would not be greater in cases. On the
other hand, if our serum specimens were taken at much younger
ages, it is conceivable that a difference could have been detected.
Ross and colleagues found that United States black men, who
have a high risk for prostate cancer, had elevated levels of serum
testosterone compared with United States white men (20). This
study, which was done in college students, indirectly supports
the view that testosterone contributes to prostate cancer risk.
Although the mean serum levels of estrone, estradici, and
sex hormone globulin were lower in cases than in controls,
there was no indication that subjects with low levels of these
compounds are at a substantially elevated risk for prostate
cancer. We also looked at the ratio of testosterone to the sum
of estrone and estradici. The highest fertile group had a relative
risk of only 1.1 (95% confidence interval of 0.5 to 2.2) for
prostate compared with the lowest tettile group. On this basis,
it is unlikely that serum levels of these estrogens are related to
prostate cancer risk, although it is well known that estrogens
are used therapeutically against prostate cancer.
The 98 prostate cancer cases in this study could be divided
into two clinical groups: patients with clinically overt prostate
cancer and patients with latent prostate cancer diagnosed in
tissue specimens usually obtained by means of transurethral
resection for benign prostatic hyperplasia. Due to the concern
that the latent cases might be different from the clinical cases,
the analyses were repeated, excluding the 26 latent cases and
their matched controls. The results are very similar to those
with all cases included.
Overall, it would be worthwhile to conduct further studies to
see if a low serum dihydrotestosterone level, or even an elevated
testosterone/dihydrotestosterone
ratio is a marker for a person
who will develop prostate cancer in the near future. However,
our data for now indicate that the levels of sex hormones in

serum obtained before diagnosis are not strongly related to
prostate cancer risk.

