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ABSTRACT

The possible relationship between changes in peripheral hormone
levels and the occurrence of prostatic pathology was studied in a case-
control study, involving estimation of various plasma hormones in 368
Dutch and 258 Japanese men, who were grouped as controls and patients
with benign prostatic hyperplasia, focal prostatic carcinoma, or clinically
evident prostatic carcinoma. Results of a number of previous, smaller
studies concerning interrelationships between hormone levels in elderly
men were confirmed within the Dutch and Japanese groups. Plasma
levels of testosterone and estradici were significantly lower in the Japa
nese men, when compared with those in Dutch men. Probably as a result
of this difference in testosterone levels, the ratio between serum levels of
testosterone and sex hormone-binding globulin (SHBG) was decreased
in the Japanese men, while the ratio between the concentrations of
dihydrotestosterone and testosterone was increased.

These differences were also found when results from Japanese
subgroups (controls and patients with prostate pathology) were compared
with those from the Dutch subgroups. There were no significant differ
ences in plasma androgen levels between Japanese or Dutch prostate
cancer cases and their respective control subgroups. These findings do
not support a correlation between the lower plasma testosterone levels
and a lower incidence of prostate cancer in the Japanese men.

Furthermore, no significant differences were found between salivary
levels of testosterone or the ratio between testosterone and SHBG in the
various Dutch subgroups. In Japanese benign prostatic hyperplasia pa
tients, the testosterone to SHBG ratio was significantly increased.

In conclusion, the results of this retrospective, cross-sectional study
do not indicate that hormonal levels play a primary role in the origin or
promotion of prostatic abnormalities. The finding of a lower plasma
testosterone in the Japanese men, however, remains suggestive, warrant
ing a more extensive prospective study.

INTRODUCTION

Androgens have been implicated indirectly as being involved
in the genesis of prostatic cancer, since tumors of the prostate
have not been observed in eunuchs (see Ref. l for review).
Similarly, cirrhosis of the liver, a condition known to increase
peripheral estradici levels, seems to lower the incidence of
prostate cancer (2, 3).

A number of retrospective studies, in which possible anoma
lies of hormone levels in patients with prostate cancer were
investigated, have been reported. In some of these investiga
tions, patients with BPH' were also included, because this

condition has been considered a precursor lesion of prostate
cancer by some authors (4). However, this point has been
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challenged by others (5), especially because the anatomical
localization of BPH and prostate cancer suggests that these
conditions originate from embryologically different parts of the
prostate.

In a few of these studies, BPH patients were found to have
increased levels of testosterone (6) or DHT (6, 7). In patients
with cancer of the prostate, significant increases of peripheral
levels of androgens were reported by Drafta et al. (8), but
Bartsch et al. (9) found significantly decreased levels of testos
terone and DHT in these patients. In the same groups of
patients, relatively low levels of luteinizing hormone were ob
served (BPH: Refs. 10 and 11; prostate cancer: Refs. 9 and 11).
This observation might indicate that higher levels of free ste
roids prevent the increase in luteinizing hormone levels, which
is normally seen in older men, in BPH and prostate cancer
patients. However, this explanation contrasts with the finding
that the concentration of SHBG in plasma from BPH or
prostate cancer patients was reported to be higher than or equal
to that in nonafflicted controls (6, 12-14). No significant
changes in the level of peripheral estradiol were found in
patients with prostate cancer (12, 15). Finally, results of two
prospective studies of hormone levels in prostatic carcinoma
patients were published recently (16, 17). The only significant
correlation between the occurrence of the disease and hormone
levels was that of increased androstenedione levels (17).

From these data, no definite conclusions regarding hormonal
abnormalities in patients with prostate cancer can be drawn.
This may be due partly to the relatively small numbers of
patients and controls studied and to factors which are intrinsi
cally difficult to interpret, i.e., diurnal variation, influence of
disease-related stress, and age-related changes. For these rea
sons, we decided to estimate parameters for the exposure of the
prostate to androgens in large groups of control subjects and
patients with prostatic cancer or BPH in two countries, the
Netherlands and Japan (18), with a striking difference in the
occurrence of prostatic cancer.

MATERIALS AND METHODS

Study Subjects. Between 1982 and 1985 a study of prostatic cancer
and benign prostatic hyperplasia was carried out in the Rotterdam
region of the Netherlands and in Kyoto, Japan, as part of a "Dutch-
Japanese Case Control Study on Prostatic Cancer." Cases of prostatic

cancer and of BPH were identified from the Departments of Urology
at the hospitals of the Erasmus University Rotterdam, The Netherlands,
and Kyoto University, Japan, and from a number of participating local
hospitals. Controls were identified from patients hospitalized for minor
surgical interventions in the Departments of Pulmonology, Orthope
dics, E.N.T., and Surgery as previously described for the Japanese (19)
and the Dutch (20) groups. Subjects included for study were 50- to 79-
year-old residents of the Rotterdam and Kyoto regions, including
surrounding suburban and rural areas. Foreign-born residents who did
not have adequate command of the Dutch language were excluded from
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Table 1 The number o] study subjects identified and the number and percentage
of subjects included for plasma hormone analysis by age and study group in the

Dutch and Japanese study populations

Agegroup(yr)Dutch50-5960-6566-7172-79TotalJapanese50-5960-6566-7172-79TotalClinical
cancer20/23

(87)Â°24/39

(62)22/33
(67)24/46
(52)90/141

(64)6/7

(86)9/11
(82)25/34
(74)32/40
(80)72/92

(78)Focal

cancer2/2(100)8/8(100)15/22(68)11/25(44)36/57

(63)2/3

(66)4/4(100)6/7

(80)BHP19/29(79)28/37

(76)40/53
(75)32/37

(86)119/151
(79)7/7(100)10/10(100)41/43(95)31/32(97)89/92

(97)Controls40/45

(89)44/50
(88)23/33

(70)16/20(80)123/148(83)9/10(90)12/13(92)32/35(91)38/39

(97)91/97(94)

Â°Number of subjects included for analysis/number of study subjects identified.

Number in parentheses, percentage.

the Dutch study. Clinical cases were identified from new admissions
for prostatic cancer and BPH. In addition, from the university hospitals
and other participating hospitals, pathological specimens from trans-
urethral resections and subcapsular prostatectomies were reviewed fol
lowing a protocol (21) to identify additional cases of focal prostatic
cancer to implement the number of those found at the time of routine
pathological examination. Control patients with a history of cancer,
liver disease, or BPH were excluded from study.

Each cooperating study subject was personally interviewed using a
detailed questionnaire which included a demographic history, a history
of marital status and sexual behavior, and a dietary history. In addition,
20 ml of heparinized blood and 5 ml of saliva were collected from
cooperating Dutch subjects, while 20 ml of heparinized blood was
collected from the Japanese subjects. No saliva was collected from the
Japanese subjects because this item was added to the protocol after a
number of blood samples had been collected from Japanese men,
making it impossible to obtain a complete set of data. Biological
samples were collected between 9 a.m. and 12 noon. Samples were kept
cool until they could be further processed, usually within 1-2 h. The
collected blood was then centrifuged, and the plasma and saliva samples
were stored at -20Â°C until analysis. The Japanese samples were sent

to Rotterdam on solid CO2.
Patients who had been treated by surgical or chemical castration

(Rotterdam, n = 9; Kyoto, n = 17) were excluded from the study. In
Table 1 the total numbers of identified and included subjects with
clinical and focal prostatic cancer and with BPH and the number of
controls are shown by age group. The age groups were chosen to present
data for approximately equal numbers of Dutch patients in each group.
The number of subjects for whom plasma hormone analyses were
included in further calculations are also shown. Overall, about equal
numbers of patients with clinical cancer and BPH and controls were
identified for study, along with a smaller number of focal prostate
cancer patients. Compared to the other three groups, an excess of
controls was in the youngest group, and a deficit was in the oldest
group. Participation was generally better among the younger groups
and in the BPH and control series.

The age distribution of Japanese subjects differed from that of Dutch
subjects; i.e., Japanese subjects were considerably older. Among Japa
nese subjects, the age distributions of controls and patients with pros
tatic cancer and benign prostate hyperplasia were similar. The partici
pation rate in the prostatic carcinoma group was smaller than in the
other groups. This was partly due to the fact that the number of subjects
treated by surgical or chemical castration was concentrated in this
group.

Treatment involving the prostate itself (radical prostatectomy, trans-
urethral resection, or irradiation) was performed in a total of 38 patients
before collection of the blood sample. These treatments did not affect
any of the hormonal parameters in a significant way (Student's / tests

for comparison between treated and nontreated subjects, P always
>0.4). For this reason, patients who had been subjected to any of these
treatments were included in the study. Furthermore, in the prostatic
carcinoma patients no stage-dependent difference in hormonal levels

was detected; for this reason the data have been shown as data from
one group of patients.

Hormone Estimations. All hormone estimations in the samples from
the Dutch and Japanese men were performed in one laboratory. Assays
of samples from Dutch and Japanese subjects were performed in
random order, depending on the availability of samples in the laboratory
at the time of assay.

Plasma and saliva concentrations of testosterone were estimated by
radioimmunoassay in non-chromatographed samples, using the method
described earlier (22). Plasma concentrations of Sa-dihydrotestosterone
were estimated using the same antiserum, after separation of dihydro-
testosterone from testosterone on silica gel microcolumns (23). SHBG
was estimated by measuring binding of pH]5Â«-dihydrotestosterone (24).
Finally, the plasma concentration of estradiol was measured using kits
provided by Clinical Assays (Cambridge, MA). Intra- and interassay
variances, observed during the period in which the assays were per
formed and expressed as coefficients of variation, were <12 and <15%,
respectively.

Statistical Methods. Hormonal values, obtained in the various
subgroups in this study, showed no substantial deviation from the
normal distribution after visual inspection of histograms and applying
Kolmogorov-Smirnov tests to the results of the groups. For this reason,
Pearson correlation coefficients were used to investigate the relation
ships between various parameters.

In order to compare hormone levels in different groups, analysis of
Â«Â¡variancewas carried out adjusting for age (25). Raw data (means Â±
SEM) and age-adjusted means are presented. In multiple comparisons,
the Bonferroni correction was applied to the levels of significance.

For categorical analyses, the values of the hormone levels were
divided into low, moderate, and high categories, based on the 25th and
the 75th percentiles as found in the control group. Odds ratios, cor
rected for age, corresponding to moderate and high values and the
respective trend tests (26) were calculated using the low category as a
baseline.

RESULTS

Differences between Hormone Levels in Dutch and Japanese
Men and Effects of Age and Body Weight. Results of the
estimations of the hormones in the control groups of Dutch
and Japanese men have been summarized in Table 2. The mean
age of the Dutch men was significantly lower than that of the
Japanese men. Since a number of the hormonal parameters was
significantly correlated with age (Table 3), P values shown in
Table 2 are for raw data and for concentrations after age
correction. If this correction was not applied, the plasma con
centrations of testosterone and estradiol were also significantly
higher in the Dutch than in the Japanese men. The significance
of the difference between SHBG levels, present if the age
correction was not applied (P = 0.016), was lost after this
correction. Age correction did not alter the significance of

Table 2 Hormone levels in normal Dutch and Japanese men (means Â±SEM)
P values for the significance of differences between hormone levels were

calculated before age correction (Student's t test) and on basis of age-corrected

data (covariance analysis; after).

Dutch (n = 123) Japanese(n = 91)

Age(yr)Plasma
T(nmol/liter)DHT

(nmol/liter)SHBG
(nmol/liter)Estradiol
(pmol/litcr)T/SHBGDHT/TÂ°/><0.05.'

/Â»<0.001.Before62.923.72.2859.881.80.430.60.90.102.22.70.020.099

0.004After23.82.2859.982.20.430.10Before69.8

Â±0.720.3
Â±1.0"2.03

Â±0.1069.2
Â±3.0*71.2
Â±3.8"0.32
Â±0.02"0.1

06 Â±0.004After20.3"2.0369.271.2*0.32fO.IT

3446

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/51/13/3445/2444286/cr0510133445.pdf by guest on 19 M

ay 2023



PERIPHERAL HORMONES IN PROSTATIC CANCER AND BPH

Table 3 Pearson correlation coefficients for the relationships between age and
hormonal parameters in Japanese anil Dutch men

HormonalparameterTestosterone

Plasma
Saliva

DHT
SHBG
Estradiol
T/SHBG
DHT/TDutch(Â«

=368)-0.01-0.12"

-0.06
0.20*
0.20*

-0.19*
-0.06Japanese(n

=258)0.09-0.01

0.28*

0.06
-0.08
-0.1lfÂ°

P<0.0\.
*/><O.OOI.
c P < 0.05.

differences in the ratios of testosterone to SHBG but caused a
significant difference in the ratio of dihydrotestosterone to
testosterone. Mean body weights in the various groups of pa
tients and controls were not different (data not shown). In the
Dutch men, this parameter was not highly, but significantly,
correlated with plasma concentrations of testosterone (r =
-0.18, P < 0.001 ), dihydrotestosterone (r = -0.14, P < 0.005),
and SHBG (r = -0.30, P < 0.001) and the ratio between
testosterone and SHBG (r = 0.12, P < 0.01). In the Japanese
men, only a significant correlation between body weight and
SHBG (r = -0.11, P < 0.05) was found.

Hormone Levels in Control, Benign Prostatic Hyperplasia,
and Prostatic Carcinoma Subjects. Results of hormone estima
tions in the separate study groups are shown in Tables 4 and 5
for the Dutch and Japanese subjects, respectively. The age of
the men in the Dutch control group was significantly lower
than that in the other Dutch groups. Because of the relatively
small effect of age correction on the results (see Table 2), only
raw data are shown. The statistical significance of differences,
however, was calculated on the basis of age-corrected data.

Plasma hormone concentrations in the Dutch control group
were not significantly different from those in the Dutch pros-
tatic carcinoma, focal carcinoma, and benign prostatic hyper-

plasia groups. No significant differences in hormone levels in
the 3 patient groups could be detected either. Plasma hormone
levels in the prostate carcinoma group were not correlated with
the stage of the disease. Treatment involving the prostate did
not affect hormonal parameters either; e.g., dihydrotestosterone
levels in 38 prostatectomized or transurethral resection-treated
patients were 2.09 Â±0.19 (SEM) versus 2.14 Â±0.06 nmol/liter
in the nontreated group. Relative risk analysis for the parame
ters estimated added extra information: the trend test yielded a
significant result (P < 0.05) for plasma testosterone in the
prostatic carcinoma group versus the control group. Relative
risk values were 0.81 (P = 0.63) and 0.40 (P = 0.05) for the
middle and high testosterone prostatic carcinoma groups, when
compared with the low testosterone group.

In the Japanese men, no significant differences were found
between the ages of subjects in the various groups (Table 5).
There were no differences between hormone levels in the control
group and the focal or clinical carcinoma group. However,
SHBG concentrations in the benign prostatic hyperplasia group
were significantly lower than those in the controls and in the
men with clinical prostatic carcinoma, while the ratios of tes
tosterone to SHBG and of dihydrotestosterone to testosterone
were significantly larger in the benign prostatic hyperplasia
group when compared with controls. Relative risk analyses for
these parameters also indicated the significance of the differ
ences between SHBG levels in BPH patients and controls. The
trend test showed a significant (P < 0.05) result for this com
parison [relative risk = 0.31 (P = 0.02) for the group with
highest SHBG versus that with lowest SHBG levels].

Comparisons between the concentrations in Dutch and Jap
anese men of plasma testosterone and estradiol and the dihy
drotestosterone to testosterone ratios indicate that the differ
ences shown in Table 2 for the control groups were also present
for the groups of benign prostatic hyperplasia patients and
clinical carcinoma patients. Finally, the difference between
Dutch and Japanese men with respect to the ratio of testoster-

Table 4 Age and hormonal parameters in Dutch controls and men with benign prostatic hyperplasia, focal prostatic carcinoma,
and prostatic carcinoma (means Â±SEM)

P values for significances of differences between hormone levels in the various groups were calculated on the basis of age-corrected data (covariance analysis).

Age (yr)
Plasma T (nmol/liter)
Sputum T (nmol/liter)
DHT (nmol/liter)
SHBG (nmol/liter)
Estradiol (pmol/liter)
T/SHBG
DHT/TControl

(Â«=123)62.9

Â±0.6
23.7 Â±0.9
0.23 Â±0.01
2.28 Â±0.10
59.8 + 2.2
81.8 Â±2.7
0.43 Â±0.02

0.099 Â±0.004BPH

(n=119)67.1
Â±0.6"

21.5 Â±0.7
0.22 Â±0.01
2.11 Â±0.09
57.0 Â±1.9
82.0 Â±2.6
0.40 Â±0.01

O.I03Â± 0.004Focal

(n =36)68.8
0.9Â°

20.9 1.1
0.22 0.02
2.09 0.15
60.4 4.1
84.5 5.0
0.39 Â±0.03

0.104 Â±0.007Prostatic

carcinoma
(n =90)66.2

0.8Â°

20.9 0.9
0.22 0.01
2.15 0.12
57.5 2.4
83.6 3.3
0.38 0.01

0.104 0.004
' Significantly different when compared with control group at the level of 0.05/3 = 0.016 (Bonferroni correction).

Table 5 Age and hormonal parameters in Japanese controls and men with benign prostatic hyperplasia, focal prostatic carcinoma,
and prostate carcinoma (means Â±SEM)

/'values for significances of differences between hormone levels in the various groups were calculated on the basis of age-corrected data (covariance analysis).

Age (yr)
Plasma T (nmol/liter)
DHT (nmol/liter)
SHBG (nmol/liter)
Estradiol (pmol/liter)
T/SHBG
DHT/TControl

(n =91)69.8

Â±0.7
20.3 Â±1.0
2.03 Â±0.10
69.2 Â±3.0
71.2 Â±3.8
0.32 Â±0.02

0.106 + 0.004BPH(n

=89)69.8

19.4
2.4155.5

68.8
0.39

0.127:0.6

1.0
0.17
2.4"

4.1
0.02"

: 0.006"Focal

(n =6)73.7

Â±1.2
23.3 Â±4.2
2.33 Â±0.45
65.2 Â±7.6
78.0 Â±14.1
0.36 Â±0.05

0.101 Â±0.015Prostatic

carcinoma
(n =72)70.5

Â±0.8
18.3Â± 1.0
2.12 + 0.14
66.1 Â±3.7
67.4 Â±4.6
0.35 Â±0.04

0.121 Â±0.008
1Significantly different when compared with control group at the level of 0.05/3 = 0.016 (Bonferroni correction).
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one to SHBG was only present in the control group and not in
the prostatic carcinoma or benign prostatic hyperplasia
patients.

Relationships between Hormone Levels. Pearson correlation
coefficients and significances of correlations for the interrela
tionships between hormone levels have been summarized in
Tables 6 and 7. The results for the 368 Dutch and the 258
Japanese men were usually very similar. The only exceptions
in this respect were the relationships between DHT or estradici
levels and the ratio between testosterone and SHBG (which
showed no correlation in the Dutch group, while the correlation
coefficients were about 0.2 in the Japanese group) and between
SHBG levels and the DHT/T ratio (which was not significant
in the Japanese group, whereas it was significant in the Dutch
group).

Similarly, when correlations were significant for the total
groups of Dutch or Japanese men, significant correlations were
also found in the various patient groups, with the general
exception of the Japanese group with focal prostatic carcinoma,
which contained only 6 patients.

DISCUSSION

One of the hypotheses, on which this part of the Dutch-
Japanese case-control study of prostatic cancer was based, was
that there might be differences between the hormone levels in
populations of Dutch and Japanese men, because of the differ
ence in incidence of prostatic carcinoma in the two countries.
Interlaboratory differences between results for hormone levels
in samples from the two countries were excluded by measuring
all hormone concentrations in one laboratory. The results,
summarized in Table 2, support the hypothesis: the concentra
tions of testosterone and estradici were significantly higher in
the Dutch controls, when compared to the results for the
Japanese controls. These differences in concentrations of tes
tosterone and estradiol were also found between the Dutch and
Japanese groups of patients suffering from prostatic carcinoma
or benign prostate hyperplasia. To our knowledge, this is the
first study to report these differences between hormone levels
in Japanese men and in men from a country with a high
incidence of prostatic carcinoma. Hormone levels in a group of
Japanese men who moved to Hawaii have been reported (16);

Table 6 Pearson correlation coefficients for the interrelationship between
hormone levels in the 368 Dutch men

Salivary T
DHT
SHBG
Estradiol
T/SHBG
DHT/TPlasma

T0.24Â°

0.53Â°
0.52Â°
0.24"
0.42Â°

-0.22"Salivary

T0.14*

-0.01
0.18Â°
0.29Â°

-0.09rDHT0.50Â°

0.19"

0.02
0.65Â°SHBG0.19Â°

-0.48"
0.10*Estradiol

T/SHBG0.03

0.06-0.31Â°Â°

P< 0.001.
*/><O.OI.
r/><0.05.

Table 7 Pearson correlation coefficients for the interrelationship between
hormone levels in the 258 Japanese men

DHT
SHBG
Estradiol
T/SHBG
DHT/TPlasma

T0.58"

0.42Â°
0.48Â°
0.41Â°

-0.17*DHT0.33Â°

0.45Â°
0.18*
0.62Â°SHBG0.22Â°

-0.46Â°

0.05Estradiol0.18*0.06T/SHBG-0.16*"
P< 0.001.

* P<0.0\.

in that study no American control group was included, however.
Also, in that group of men the hormone levels, which were
measured in samples taken before the carcinoma became ap
parent, were within the normal range for Western countries. A
similar study in which hormones were measured in Nigerian
and American blacks (low and high incidence of prostatic
cancer, respectively) reported lower testosterone levels in the
Nigerians when compared with the Americans (27). However,
those data were contradicted in a later study (28). Finally, Ross
et al. (29) described higher levels of total and free testosterone
in young American blacks, when compared with young Ameri
can white men. The authors indicate that the observed 15%
difference might explain the 2-fold difference in prostatic cancer
risk.

The higher testosterone levels in the plasma from the Dutch
subjects, together with similar levels of SHBG and dihydrotes-
tosterone in the two populations, caused a significantly higher
testosterone to SHBG ratio and a significantly decreased dihy-
drotestosterone to testosterone ratio in the Dutch group. These
observations might indicate that the non-protein-bound levels
of testosterone are higher in the Dutch men, when compared
to those in the Japanese. Estimation of salivary testosterone in
the Japanese men would clarify this point further. It is difficult
to extrapolate these peripheral hormone levels to the intrapros-
tatic concentrations of the androgens, since most of the intra-
prostatic dihydrotestosterone is likely to be formed locally. The
reason for the differences between dihydrotestosterone to tes
tosterone ratios in the Dutch and Japanese population, which
indicates different peripheral 5<v-reductase activities in the two
groups, remains unclear. As discussed, age and body weight do
not affect the differences in a significant way. However, it is
possible that dietary factors play a role in this respect (30, 31).

The absence of correlation between age and peripheral tes
tosterone levels in both groups of men adds to the existing
controversy about this subject. A large number of studies indi
cate a decrease of peripheral testosterone levels with age (10,
32-35), while other investigators (36-38) suggested that testos
terone levels may decrease in inhabitants of homes for the aged
or hospital patients but not in healthy, active elderly men. The
increased level of SHBG in older men has been described by all
of the above-mentioned authors; this increase of SHBG is likely
to be the cause of the negative correlation of salivary testoster
one levels with increasing age observed in this study. Since the
salivary testosterone concentration is a reflection of the concen
tration of the non-protein-bound hormone in plasma (39), this
observation indicates that levels of "biologically active" andro

gens decrease with increasing age, despite similar plasma con
centrations of total androgens in younger and older men.

The age differences between the various groups of Dutch
participants in this study necessitated the use of age correction
of the hormone levels before comparison of the data in the
different groups; these corrections had only very limited effect
in the interpretation of results. Plasma testosterone concentra
tions in the groups with benign prostatic hyperplasia. focal
prostatic carcinoma, and clinically evident prostatic carcinoma
were not significantly different from those in the control group.
Similarly, the other parameters studied showed no differences
between the various groups (Table 4), indicating that the
amount of circulating free androgens, as reflected by the salivary
concentration of testosterone or the testosterone to SHBG
ratio, was not different between the controls and the three
patient groups. The ratio between dihydrotestosterone and tes-
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tosterone levels was not significantly changed in the patients
with prostatic pathology either.

In the Japanese group, the only striking observation was a
reduced plasma SHBG level in the benign prostatic hyperplasia
group, when compared with the level in the control group. The
reason for this difference is not clear and is unlikely to be due
to a storage or shipping problem, because the other subgroups
were unaffected. This decreased SHBG concentration is most
likely to be the cause of the increased testosterone to SHBG
ratio in this group. It is not clear, however, why in this group
the ratio between dihydrotestosterone and testosterone is also
increased, when compared to the controls: decreased binding of
testosterone might favor its conversion to dihydrotestosterone,
on the one hand, but decreased metabolism of the androgens,
on the other hand.

Comparison of the data obtained in this study with earlier
reported plasma hormone concentrations in men with prostatic
disease, as earlier summarized by Flanders (40), leads to the
conclusion that reported significant differences between andro-
gen levels in controls and patients with benign prostatic hyper
plasia or prostatic carcinoma are probably unrelated to the
cause of the prostate disease. From the present results it be
comes clear that differences in age of the study groups or
secondary effects of the disease are not likely explanations for
these differences: age correction did not affect the results and
hormone levels were not related to stage of prostatic cancer, as
reported earlier (41). However, disease-related stress may sup
press testosterone levels as was recently reported for lung cancer
patients (42). The observation of similar free testosterone levels,
estimated as salivary testosterone concentrations, in all Dutch
groups in this study stresses this point. The absence of common
changes in hormone levels in the Dutch and Japanese partici
pants in this study do not support the presence of generally
applicable principles in the relationship between the occurrence
of prostatic cancer and peripheral hormone levels. However,
time of studying plasma levels may be of crucial importance.
Early events in the pathogenesis of clinical prostate cancer, i.e.,
the promotion from focal to clinical disease, may still be related
to differences in endocrine parameters.

The relationships between the hormonal parameters shown
in Tables 6 and 7 confirm a number of physiological observa
tions, reported for smaller groups of male subjects, and indicate
the validity of the hormonal measurements. The role of testos
terone as a precursor of both dihydrotestosterone and estradiol
is indicated by the high correlations between plasma levels of
products and precursor. The relationship between salivary con
centrations of testosterone and the plasma testosterone to
SHBG ratio is higher than that between salivary and plasma
testosterone. This indicates that the salivary level of testoster
one can be a better reflection of "free testosterone" concentra

tion in plasma than total testosterone. The positive correlation
between plasma testosterone levels and SHBG indicates that it
is, rather, the negative effect of SHBG on testosterone metab
olism (43) than the negative effect of testosterone on SHBG
biosynthesis, which dictates the relationship between the con
centrations of these two substances. In those instances, in which
different regression lines were found for the Dutch and Japanese
men, SHBG and estradiol were involved. Both SHBG (44) and
estradiol levels in peripheral plasma are related to body mass;
this factor might play a role in causing these differences, since
the Dutch men were generally heavier than the Japanese
subjects.

In summary, this study confirmed the results of a number of

publications on hormone levels in elderly men. This indicates
the validity of the assay systems used. Nevertheless, no consist
ent changes in hormone levels, which accompanied the presence
of benign prostatic hyperplasia or prostatic cancer, were found
in the large groups of subjects investigated. These findings do
not support the hypothesis that hormonal parameters play a
primary role in the origin or outgrowth of prostatic
abnormalities.

REFERENCES

Lipsett, M. B. Interaction of drugs, hormones, and nutrition in the causes of
cancer. Cancer (Phila.), 43: 1967-1981, 1979.
Glantz. G. M. Cirrhosis and carcinoma of the prostate gland. J. Urol., 91:
291-293, 1964.
Robson, M. C. Cirrhosis and prostatic neoplasms. Geriatrics, 21: 150-154,
1966.
Armenian, H. K., Lilienfeld, A. M., Diamond, E. L., and Bross, I. D. J.
Relation between benign prostatic hyperplasia and cancer of the prostate. A
prospective and retrospective study. Lancet, 2: 115-117, 1974.
Greenwald. P., Kirmss. V., Polan, A. K., and Dick, V. S. Cancer of the
prostate among men with benign prostatic hyperplasia. J. Nati. Cancer Inst..
55:335-340, 1974.
Vermeulen, A., and de Sy. W. Androgens in patients with benign prostatic
hyperplasia before and after prostatectomy. J. Clin. Endocrinol. Metab., 43:
1250-1254. 1976.
Ghanadian, R.. Lewis, J. G., Chisholm, G. D., and O'Donoghue, E. P. N.

Serum dihydrotestosterone in patients with benign prostatic hypertrophy.
Br. J. Urol., 49: 541-544, 1977.
Drafta. D., Proca, E., Zamfir, V.. Schindler. A. E., Neacsu, E., and Stroe, E.
Plasma steroids in benign prostatic hypertrophy and carcinoma of the pros
tate. J. Steroid Biochem., 17: 689-693, 1982.
Bartsch, W., Steins, P.. and Becker, H. Hormone blood levels in patients
with prostatic carcinoma and their relation to the type of carcinoma growth
differentiation. Eur. Urol., 5:47-52, 1977.
Stearns, E. L., MacDonnell, J. A,. Kaufman, B. J.. Padua. R., Lucman, T.
S., Winter, J. S. D., and Faiman, C. Declining testicular function with age.
Hormonal and clinical correlates. Am. J. Med., 57: 761-766, 1974.
Hammond, G. L.. Kontturi, M., MÃ¤Ã¤ttÃ¤lÃ¤,P., Puukka, M., and Vihko, R.
Serum FSH, LH and prolactin in normal males and patients with prostatic
diseases. Clin. Endocrinol.. 7: 129-135. 1977.
Bartsch, W.. Horst, H-J., Becker, H., and Nehse, G. Sex hormone binding
globulin binding capacity, testosterone, 5Â«-dihydrotestosterone, oestradiol
and prolactin in plasma of patients with prostatic carcinoma under various
types of hormonal treatment. Acta Endocrinol., 85: 650-664. 1977.
Karr, J. P., Wajsman, Z., Kirdani, R. Y., Murphy, G. P., and Sandberg, A.
A. Effects of diethylstilbestrol and estramustine phosphate on serum sex
hormone binding globulin and testosterone levels in prostate cancer patients.
J. Urol., 124: 232-236. 1980.
Mobbs, B. G., Johnson, I. E., and Connolly, J. G. The effect of therapy on
the concentration and occupancy of androgen receptors in human prostatic
cytosol. Prostate, 1: 37-51, 1980.
Harper, M. E., Peeling, W. B., Cowley, T., Brownsey, B. G., Phillips, M. E.
A., Groom, G., Fahmy, D. R.. and Griffiths, K. Plasma steroid and protein
hormone concentrations in patients with prostatic carcinoma, before and
during oestrogen therapy. Acta Endocrinol., 81: 409-426, 1976.
Nomura, A., Heilbrun, L. K., Stemmermann, G. N., and Judd, H. L.
Prediagnostic serum hormones and the risk of prostate cancer. Cancer Res.,
Â«.-3515-3517, 1988.
Barrett-Connor, E.. Garland, C.. McPhillips, J. B., Khaw K. T., and Wingard
D. L. A prospective, population-based study of androstenedione. estrogens,
and prostatic cancer. Cancer Res., 50: 169-173, 1990.
Rose, D. P., Boyar. A. P., and Wynder, E. L. International comparisons of
mortality rates for cancer of the breast, ovary, prostate, and colon, and per
capita food consumption. Cancer (Phila.), 58: 2363-2371, 1986.
Oishi, K., Okada, K.. Yoshida O.. Yamabe. H.. Ohno. Y., Hayes. R. B., and
Schroeder F. H. Case-control study of prostatic cancer in Kyoto, Japan:
demographic and some lifestyle risk factors. Prostate, 14: \ 17-122. 1989.
Hayes, R. B.. Bogdanovicz, J. F. A. T., Schroeder, F. H., de Bruijn, A.,
Raatgever, J. W., van der Maas P. J., Oishi, K.. and Yoshida O. Serum
retinol and prostate cancer. Cancer (Phila.), 62: 2021-2026, 1988.
Yamabe, H., Ten Kate, F. J. W., Gallee, M. P. W., Schroeder, F. H., Oishi,
K.. Okada, K., and Yoshida, O. Stage A prostatic cancer: a comparative study
in Japan and the Netherlands. World J. Urol., 4: 136-40, 1986.
Verjans, H. L., Cooke, B. A., De Jong, F. H., De Jong, C. M. M.. and Van
der Molen, H. J. Evaluation of a radioimmunoassay for testosterone esti
mation. J. Steroid Biochem.. 4: 665-676, 1973.
HÃ¤mÃ¤lÃ¤inen,E. K., Fotsis, T., and Adlercreutz, H. Rapid and reliable
separation of 5Â«-dihydrotestosterone from testosterone on silica gel micro-
columns. Clin. Chim. Acta, 139: 173-177, 1984.
Hammond, G. L.. and LÃ¤hteenmÃ¤ki.P. L. A. A versatile method for the
determination of serum cortisol binding globulin and sex hormone binding

3449

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/51/13/3445/2444286/cr0510133445.pdf by guest on 19 M

ay 2023



PERIPHERAL HORMONES IN PROSTATIC CANCER AND BPH

globulin binding capacities. Clin. Chim. Acta. 1.12: 101-110. 198.1.
25. SPSS-X User's Guide. Ed. 3, pp. 365-377. Chicago: SPSS Inc.. 1988.

26. Breslow, N. E.. and Day, N. E. Statistical Methods in Cancer Research, Vol.
1: The Analysis of Case-Control Studies. Lyon. France: International Agency
for Research on Cancer. 1981.

27. Jackson, M. A.. Ahluwalia. B. S., Herson, J., Heshmat. M. V.. Jackson. A.
G.. Jones, G. XV.. Kapoor, S. K., Kennedy. J., Kovi. J., Lucas, A. O.,
Nkposong, E. O.. Olisa, E.. and Williams. A. O. Characteri/ation of prostatic
carcinoma among blacks: a continuation report. Cancer Treat. Rep., 61:167-
172, 1977.

28. Osegbe, D. N.. and Ogunlewe, J. O. Androgen concentration in blacks with
benign and malignant prostatic disease. J. L'rol.. 140: 160-164. 1988.

29. Ross. R.. Bernstein L., Judd, H.. Hanisch. R.. Pike. M., and Henderson, B.
Serum testosterone levels in healthy young black and white men. J. Nail.
Cancer Inst., 76: 45-48, 1986.

30. Hill, P.. XV'ynderE. L.. Garbaczewski L., Games H.. and Walker A. R. P.

Diet and urinary steroids in black and white North American men and black
South African men. Cancer Res.. 39: 5101-5105. 1979.

31. Hamalainen, E.. Adlercreutz, H.. Puska. P.. and Pietinen P. Diet and serum
sex hormones in healthy men. J. Steroid Biochem.. 20: 459-464. 1984.

32. Vermeulen, A.. Rubens. R.. and V'erdonck. L. Testosterone secretion and
metabolism in male senescence. J. Clin. Endocrinol. Metab.. 34: 730-735.
1972.

33. Pirke, K. M., and Doerr, P. Age related changes and interrelationships
between plasma testosterone, oestradiol and testosterone-binding globulin in
normal adult males. Acta Endocrinol., 74: 792-800. 1973.

34. Pirke. K. M.. and Doerr, P. Age related changes in free plasma testosterone,
dihydrotestosterone and oestradiol. Acta Endocrinol.. 80: 171-178. 1975.

35. Baker. H. W. G.. Burger, H. G., de Kretser. D. M., Hudson. B.. O'Connor.

S.. Wang, C.. Mirovics, A., Court, J.. Dunlop, M.. and Rennie. it. C. Changes
in the pituitary-testicular system with age. Clin. Endocrinol., 5: 349-372.
1976.

36. Harman, S. M., and Tsitouras, P. D. Reproductive hormones in aging men.
I. Measurement of sex steroids, basal luteini/.ing hormone, and Lcydig cellresponse to human chorionic gonadotropin. J. C'lin. Endocrinol. Metab.. 51:
35-40. 1980.

37. Sparrow, D.. Bosse. R., and Rowe, J. W. The influence of age. alcohol
consumption, and body build on gonadal function in men. J. C'lin. Endocri
nol. Metab.. 51: 508-512. 1980.

38. Rudman. D.. Mattson. D. E.. Nagraj, H. S., Feller. A. G.. Jackson, D. L.,
and Rudman, I. W. Plasma testosterone in nursing home men. J. Clin.
Epidemiol.. 4/: 231-236. 1988.

39. Wang. C., Plymate, S., Nieschlag. F...and Paulscn, C. A. Salivary testosterone
in men: further evidence of a direct correlation with free serum testosterone.
J. Clin. Endocrinol. Metab.. 53: 1021-1024. 1981.

40. Flanders. XV. D. Case-control studies of selected hormones and prostate
cancer. An epidemiologie review. Ala. J. Med. Sci.. 23: 439-443. 1986.

41. Hoisaeter, P. A., Haukaas, S.. Bakke, A., Hoiem. L., Segadal. E., and
Thorsen. T. Blood hormone levels related to stages and grades of prostatic
cancer. Prostate..?: 375-381. 1982.

42. Blackman. M. R.. \\cintraub. B. D.. Rosen. S. XV..and Harman, S. M.
Comparison of the effects of lung cancer, benign lung disease, and normal
aging on pituitary-gonadal function in men. J. Clin. Endocrinol. Metab., 66:
88-95. 1988.

43. Rosenfield. R. L. Studies of the relation of plasma androgen levels to
androgcn action in women. J. Steroid Biochem.. 6: 695-702. 1975.

44. De Moor, P., and Joossens, J. V. An inverse relation between body weight
and the activity of the steroid binding ^-globulin in human plasma. Steroi-
dologia. /: 129-136. 1970.

3450

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/51/13/3445/2444286/cr0510133445.pdf by guest on 19 M

ay 2023


