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Effects on the prostate of environmental cadmium exposure — A
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Abstract

To explore possible effects of environmental cadmium exposure on prostate in humans, and the possible relation-
ship of serum sex hormones to occurrence of clinic signs of tissue changes in the prostate, a case-control study
was undertaken in the southeast part of China in 1998. A total of 297 male volunteers from a control area and
two cadmium-polluted areas were included as subjects in this study. All the subjects were required to answer
a questionnaire and to undergo a complete physical examination including digital-rectal examination (DRE).
Blood and urine samples were collected. Serum total prostate specific antigen (PSA), total serum testosterone
(T), follicle stimulating hormone (FSH) and luteinizing hormone (LH) were measured by radioimmunoassay and
enzymeimmunoassay method, respectively. The data of urinary cadmium (U-Cd) and blood cadmium (B-Cd) were
obtained by atomic absorption spectrometry (AAS) as an indicator of cadmium body burden. Statistical analysis
was applied to investigate a possible relation between cadmium exposure and prostate pathological changes. The
results show that there is a clear dose-response relationship between cadmium exposure and the prevalence of cases
with abnormal PSA. The blood cadmium content in cases with positive DRE was significantly higher than that of
subjects with negative DRE (P < 0.05). Significant differences in the level of FSH between cases with positive
DRE and the normal subjects were also noted (P < 0.05). These results indicate that chronic environmental
cadmium exposure is associated with injuries to human prostate. A possible relationship to changes in circulating
sex hormones needs further investigation.

Introduction 1992). Cadmium has been designated as a human

carcinogen based on its carcinogenicity to the lung

Cadmium (Cd) is a toxic transition metal with a
wide variety of adverse effects on humans (Nordberg
1992). There are several sources of human exposure
to cadmium, including occupational exposure, envir-
onmental exposure and smoking. Now, cadmium gets
increasing concern because many studies in human
populations and in animals indicate that cadmium is
a potential carcinogen to human prostate (Ross et al.
1987; Van der Gulden et al. 1995; Waalkes et al.

(IARC 1993; Ades & Kazantzis 1988; Sorahan 1987).
Some studies (Ross et al. 1987; Van der Gulden
et al. 1995) have shown a link between occupational
cadmium exposure and prostate cancer, but evidence
are not convincing and complete enough. There are
also many other studies (Sorahan & Waterhouse 1983;
Armstrong & Kazantzis 1983) which showed different
results and not supported the viewpoint that cadmium
exposure can result in prostate cancer. Although oc-
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cupational exposure to cadmium does not appear to
greatly increase the risk for prostate cancer, some
evidence (West er al. 1991) suggest that environmental
exposure to cadmium may lead to increased risk of
prostate cancer in humans. In animal tests, there are
enough evidence to confirm the carcinogenicity of
cadmium to the prostate in rodents (Waalkes et al.
1999).

In our study, we try to find out whether long term
low level cadmium exposure in the environment can be
related to damage of the prostate or not, and provide
a clue for further research on possible mechanisms of
the adverse effects of cadmium to human prostate.

Subjects and methods

Subject selection

Residents of two cadmium polluted areas (located 0.5
and 12 km from a non-ferrous smelter) and a control
area (40 km from the smelter) in south-east China
were recruited to the present study. Cadmium from
the smelter had contaminated river water used for
irrigation of rice fields. Levels of Cd in rice were
2.39 mg/kg and 0.48 mg/kg in the two polluted areas
and 0.05 mg/kg in the control area. Detailed back-
ground information is described elsewhere (Jin et al.
2002, 2004).

In our study, male healthy subjects 35 years or
older were selected to ensure the long enough expos-
ure period. The persons selected from the three areas
in this study lived in similar living habits, economic
situation and they were all eating the local rice as the
main food. All migrants after 1961 were excluded in
this study. Finally, 96 subjects from the control area,
75 from the medium polluted area, and 126 from the
heavy polluted area were recruited. Each participant
was required to answer questionnaires on environment
and symptoms of prostate, respectively, and to give a
sample of blood and urine. In this study, all subjects
were asked to undergo a complete physical examina-
tion including digital rectal examination (DRE) after
urine and blood samples were collected.

Ethical considerations

The study was carried out with the permission of the
local authority and the Ethics Committee of Shanghai
Medical University and with the consent of each parti-
cipating individual. It was made clear by the respons-

ible Chinese Principal Investigator that participation
was on a completely voluntary basis.

Blood sampling

Blood samples (8—10 ml) were obtained randomly by
venipuncture from 10:00 a.m. to 16:00 p.m., and blood
sampling was not preceded by any prostatic manipula-
tion. All the subjects were told in advance not to eat
any food until the blood sampling was finished. All
blood samples were collected into clean tubes, and
serum was then separated and stored at —70 °C im-
mediately. Any sample with hemolysis was excluded
in test of PSA and sex hormones.

Urine sampling

Spot urine samples were collected in acid-washed con-
tainers and were stored frozen (—20 °C) until analysis.
Urine was assayed for cadmium after acidification
with concentrated nitric acid.

Hormone assay

Radioimmunoassay was applied to test the concen-
tration of testosterone (T) in serum, and enzymeim-
munoassay method was used to determine lutein-
ising hormone (LH) and follicle stimulating hormone
(FSH). The radioimmunoassay and enzymeimmun-
oassay methods were established according to the
WHO manual (WHO 1994). The kits for testosterone
(T), luteinising hormone (LH) and follicle stimulating
hormone (FSH) detecting were generously provided
by WHO. The intra- and inter-assay variation coeffi-
cients of the internal quality control pools for T, LH
and FSH were all within 10%.

PSA assay

The radioimmunoassay kits for PSA were purchased
from Diagnostic Products Corporation (DPC) USA.
Every operation strictly obeyed the procedure de-
scribed in the manual. Then, all the samples were
counted for 1 min in a gamma counter (FMJ-II gamma
counter, Shanghai). The interassay coefficient was less
than 10%.

Cadmium measurement

Cadmium in blood, BCd and urine, UCd, was ana-
lysed by atomic absorption spectrometery including
a strict quality control program (Jin et al. 2002).



Table 1. The reference values (ng/ml) of the age-specific PSA
(the 90t percentile of PSA in each age group of low exposure

group).

Age group N The goth percentile Reference value (ng/ml)

40- 66 2.49 2.5
50- 35 337 35
60- 37 4.16 4.5
70- 18 6.58 6.5

The life cumulative uptake of (Cai et al. 1998) cad-
mium was calculated based on rice consumption. The
fractional uptake of cadmium (Cd-uptake) from food
was assumed to be 0.05. The cumulative uptake of
cadmium = daily cadmium intake (daily rice con-
sumption * average rice Cd concentration) * weighting
factor * years * 365 * 0.05. According to this for-
mula, the average Cd-uptake for the population in this
study were 23.3 (12.7-33.9), 106.8 (88.2-117.1) and
544.4 (456.8-582.5) mg in the control, moderately
and highly polluted areas, respectively. The difference
in Cd-uptake is statistically significant (P < 0.001)
among these areas.

Statistical analysis

Statistical analysis was carried out with the statistical
analysis software SPSS9.0 and Epifo6.0. Results are
given as geometric mean and standard deviation. Stat-
istical inferences are based on the different levels of
significance (P < 0.05or P < 0.01).

Results

Cadmium in blood and urine

Among the subjects from control area, 98% show urin-
ary cadmium levels lower than 5 pg/L. But in medium
and high exposure area, 23% and 80.6% have urin-
ary cadmium levels higher than 5 pg/L. It can be
noted that there is only one person with urinary cad-
mium level lower than 2 pg/L in high exposure area.
A similar distribution pattern of blood cadmium was
also found. There is a close correlation (r = 0.73,
P < 0.01) between the levels of urinary cadmium and
blood cadmium as shown by Jin et al. (2002).
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Fig. 1. Distribution of serum PSA levels according to age for all
subjects (geometric mean).

Age specific reference values of PSA

Prostate is the only organ that will continue to grow all
through life. Because of this, the level of prostate spe-
cific antigen will increase continuously following the
enlargement of the volume of prostate. In this study,
we found that the level of PSA increase with age (Fig-
ure 1). To identify potential subjects with pathological
changes of prostate in PSA-based mass screening, one
of the most important steps is to determine the age-
specific reference value of PSA. First, we calculated
the 95™ percentile of creatinine adjusted urinary cad-
mium from control area to be 4.49 ugCd/g creatinine.
This value will be used as a cut-off value to evaluate
cadmium exposure situation. All the subjects whose
creatinine adjusted urinary cadmium is lower than the
cut-off value (4.49 ug/g creatinine) will be defined
as subjects of low-exposure, and then be classified
into low-exposure group due to their low cadmium
body burden. Then we calculated the 90" percentile
of PSA of each age group in this low-exposed group.
These values are listed in Table 1. From Table 1, we
find that the age specific reference values we obtained
are similar with values reported in a previous study
(Oesterling 1993). So, in order to make our data com-
parable, we adopted the same age specific reference
values of PSA as in Oesterling’s study. The values are
2.5 ng/ml for subject whose age is under 50, 3.5 ng ml
for age from 50 to 59, 4.5 ng/ml for age from 60 to
69, and 6.5 ng/ml for subject whose age is 70 or older.
Based on age-specific PSA, 29 cases (10%) with pos-
itive PSA were screened out, and 4 PSAs were greater
than 10 ng/ml. Cases with abnormal PSA has slightly
higher cadmium body burden compared to normal
subjects, but no statistical significance is found.
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Table 2. Comparing the cadmium body burden between suspects with positive

DRE and the normal subjects.

DRE Cadmium body burden

Cd-uptake (mg) N

Urinary cadmium N

+ 3354 £254.5 10

(0.07-15.31)

- 2593 £241.5 274

Blood cadmium N
(g/g creatinine) (ng/)
10 7.08* 10
(2.50-31.38)
274 3.08 272
(0.12-44.75)

(0.10-42.99)

*Significantly higher than in group with DRE-.
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Fig. 2. Levels of serum PSA in cases with suspicious DRE and in
the normal subjects. * P < 0.05.

Cadmium body burden and PSA in DRE positive and
negative subjects

287 participants underwent complete physical examin-
ation. 10 were diagnosed as suspects of prostate can-
cer by professional physicians through digital rectal
examination. All these persons were immediately sug-
gested to undergo needle biopsy, but the results are not
available to us up to now. Then, the cadmium body
burden in suspects with abnormal DRE and in the nor-
mal subjects was compared. The results are listed in
Table 2. It was noted that the cadmium body burden
as indicated by BCd in cases with suspicious DRE
is significantly higher than that of subjects with non-
suspicious DRE, but there is no increase in the other
estimates of body burden (Cd uptake, UCA).

Of the 10 cases with positive DRE, 3 also have pos-
itive PSA. The levels of serum PSA in suspects with
abnormal DRE were higher than in normal persons.
The difference is statistically significant (P < 0.05)
(Figure 2).

Table 3. Chi-square test for trend between adjusted urinary cad-
mium and prevalence of the cases with abnormal serum PSA
(based on the age-specific reference of PSA).

Urinary Cadmium PSA percentage Crude 95%CI

(ug/g creatinine) + - OR*

0- 5 71 6.6% 1.00

2- 7 92 7.1% 1.08 0.33-3.54

5- 7 43 12.1% 2.31  0.69-7.73
10- 7 37 15.6% 2.69  0.80-9.06
20- 3 13 18.8% 3.28 0.70-15.43

*OR = odds ratio.
X2 =5.15, P < 0.05.

Table 4. Chi-square test for trend between estimated cadmium
uptake and prevalence of the cases with abnormal serum PSA
(based on the age-specific reference of PSA).

Cd-uptake (mg) PSA percentage Crude 95% CI

+ - OR*

0- 4 92 4.2% 1.00
50- 9 66 12.0% 3.14  0.93-10.63
150- 15 106 12.4% 325 1.04-10.14

*OR = odds ratio.
X2 =3.959, P < 0.05.

Prevalence of abnormal PSA

According to adjusted urinary cadmium and estimated
cadmium uptake, all the subjects with negative PSA
and the cases with positive PSA (according to age-
specific PSA references) are subdivided into different
cadmium body burden groups. Chi-square analysis
for trend is applied to determine the possible relation
between cadmium body burden and the prevalence of
suspicious prostate cancer due to the level of serum
PSA. The result shows that the prevalence of cases
with positive PSA increase with the cadmium body



Table 5. Comparing the concentration of serum testoster-
one (T), follicle stimulating hormone (FSH), and lutein-
izing hormone (LH) between cases with positive PSA or
abnormal DRE and the normal subjects.

n T (nmol/l)  FSHIU/) LHIU/M)
PSA + 29 10.96 9.77 9.55
(3.28-29.52) (3.02-38.19) (2.86-39.32)
— 266 10.47 8.51 7.58

(0.23-35.01) (1.29-63.22) (0.92-48.09)

DRE + 10 12.88 15.85%+¢ 12.16*
(7.23-17.06) (4.98-45.76) (2.75-30.09)

- 277 1047 8.31 7.59
(0.23-33.34) (1.71-50.70) (0.92-48.09)

*P < 0.05,*P <0.01
¢ P < 0.05, after controlling the confounding effect of age,
BMI by covariance analysis.

burden (Tables 3 and 4). No similar trend is found in
blood cadmium (not shown).

Sex hormones

It is interesting to note (Table 5) that the levels of
serum testosterone (T), follicle stimulating hormone
(FSH) and luteinizing hormone (LH) are all higher
in cases with suspicious DRE or with abnormal PSA
than that of corresponding sex hormones in normal
subjects. Statistically significant differences are noted
only in FSH and LH between cases with suspicious
DRE and the normal subjects. After controlling the
confounding effects of age and BMI, a significant dif-
ference can only be observed in FSH for the subjects
with abnormal DRE.

Discussion

The introduction of prostate-specific antigen (PSA)
testing in 1986 revolutionized the management of pa-
tients with prostate cancer. Normally, only low level
of PSA presents in the blood stream, and the most
common upper limit value of PSA in use to screen
prostate cancer is 4 ng/ml. It is always the case that in-
creased serum concentrations will indicate some kinds
of prostatic pathology, including prostate cancer. The
specificity of PSA is considered good compared with
many other tumor markers, but furthering improve-
ment is needed.

In present study, there is a clear positive trend
between PSA and age shown in Figure 2. This find-
ing is consistent with previous reports (Stamey et al.
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1987; Collins et al. 1993; Oesterling et al. 1993). PSA
is mainly synthesized in and secreted from epithelium
of prostate tissue, and prostate volume increases with
age. But in Collins’s study (Collins et al. 1993), it
seemed that age and prostate volume influence the
serum PSA concentration independently. So they were
the first to suggest evaluating the sensitivity and spe-
cificity of PSA by adjusting for volume and age in
the diagnosis of prostate cancer. The recommended
age-specific reference ranges for serum PSA from the
study of Oesterling et al. (1993) were adopted in this
study. The US Food and Drug Administration has ap-
proved the use of serum PSA testing, combined with
digital rectal examination (DRE), as an aid in the de-
tection of prostate cancer in men aged 50 years and
older.

In this study, DRE-based screening detected 10
persons as suspected prostate cancer patients. Among
the 10 suspects of prostate cancer, 3 (30%) also have
abnormal PSA and others (70%) were below the cor-
responding upper limit according to the age-specific
PSA. It seems that the results of DRE were not con-
sistent with that of PSA. But the serum PSA level in
cases with suspicious DRE was significantly greater
than that of the normal subjects. These results suggest
that as a screening method for prostate cancer, PSA
or DRE, were independently useful in screening out
cases suspected to have prostate tumor. Because no
data of needle biopsy was available, further comments
about the efficiency of DRE and PSA can not be made.
In this study, it was noted that the prevalence of cases
with abnormal PSA increased with cadmium body
burden (Table 3). It may be of interest in this context
to note that in a parallel study on the same population
(Zeng et al. 2004) an increasing trend of high serum
testosterone values was found in relation to urinary
Cd. There was however no statistically significant in-
crease in average testosterone level with UCd. It was
found in the present study that the BCd, but not UCd in
cases with positive DRE was significantly higher than
that of subjects with negative DRE (Table 2). These
results indicate that cadmium exposure, to some ex-
tent, may be related to effects of prostate, including
changes that are considered indicative of cancer.

Interesting to note (Table 5) that after adjustment
for age and BMI, there is a statistically significant
increase in FSH in DRE positive persons. Cadmium-
induced alteration of sex hormones might thus play a
role in the occurrence and development of the prostate
cancer. But futher studies are needed concerning such
a possible effect. Prostate is stimulated to grow and
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is maintained in size and function by the presence of
serum testosterone. A normal function of the hormonal
axis beginning with a rhythmic release of LHRH (LH
releasing hormone) by the hypothalamus followed by
a pulsate secretion of LH and FSH from the testes and
is responsible for normal prostate growth and func-
tion (Frick & Aulitzky 1991). But at the same time,
testosterone plays an important role in the etiology
of prostate cancer. Animal models suggest that an-
drogens may act as promoters in preclinical prostate
cancer. In men with benign prostate hyperplasia, an-
drogen deprivation of the prostate leads to reduction in
prostate size (Bardin et al. 1991). In addition, Hsing &
Comstock (1993) reported that cases of prostate can-
cer had higher circulating testosterone than controls.
Moreover, they found that the mean serum level of
testosterone was lower in men with latent prostate can-
cer than those with the clinically overt cancer. In one
study in rats (Waalkes et al. 1992), it appears that cad-
mium produces prostatic tumors if testicular support
is maintained because tumors are observed only with
doses of cadmium below the threshold for induction of
testicular degeneration and dysfunction or when such
degeneration is prevented by zinc. Similar findings
were also reported by Shirai ez al. (1993). The tissue of
prostate will atrophy after cadmium-induced testicular
degeneration.

The underlying mechanisms by which cadmium
may induce prostate cancer remain obscure. In view
of the cumulative properties of cadmium, prostate is a
critical organ where cadmium will enter and be stored
due to the long half-life of cadmium in human body.
In a recent study (Brys et al. 1997), an increasing
Cd content and a decreasing Zn content were found
in tissues of human prostate neoplasm compared to
normal tissue. Zeng et al. (2003) also found increased
Cd content and decreased Zn as well as changes in
metallothionein levels in prostate tissue of rats orally
exposed to Cd.

In conclusion, our population-based study in the
southeast part of China found that long term en-
vironmental cadmium exposure was associated with
injuries to human prostate. A possible relationship
to changes in circulating serum sex hormones needs
further investigation.
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