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ARTICLE INFO ABSTRACT

Article history:

Prostate cancer associated with cadmium exposure may indicate a link between prostate specific antigen
(PSA) and levels of blood cadmium (BCd) and urinary cadmium (UCd). Thus, these associations were
investigated. We recruited 295 men, 50 years of age and above from a health check-up program at a
health center as subjects of the study. They completed a self-reported questionnaire and provided fasting
samples of blood and urine for cadmium assay. The assay was performed using atomic absorption spec-
trophotometry. Blood samples were also collected for the assays of total cholesterol and high-density
lipoprotein measures. The means of BCd and UCd increased with age and the means of all subjects were
1.19+1.04 ugL ! and 1.37 £ 1.76 ug g ! creatinine, respectively. The PSA levels were positively associ-
ated with the lipid levels, but reversely associated with BCd and UCd levels. The multivariate logistic
regression analysis showed that men with PSA > 4.0ngmL™! had an odds ratio (OR) of 0.4 (95%
Cl=0.1-0.9) to have BCd > 0.49 pg L', and an OR of 0.4 (95% CI = 0.2-1.0) to have UCd > 0.45 pug g~ cre-
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atinine. In conclusion, the PSA levels are reversely associated with BCd and UCd levels.
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1. Introduction

Compared with Western men, the risk of prostate cancer is
remarkably lower in Oriental men (Hsing et al., 2000). However,
the incidence of the disease in Taiwan may increase more than
4-fold in two decades (Pu, 2000). Population aging, increased die-
tary fat consumption, and other environmental risk exposures, play
important roles in the increase of risk. Cancer screening programs,
on the other hand, may have an important function in timely diag-
noses of prostate cancer (Giovannucci et al., 1993; Sung et al.,
1999; Schroder et al., 2009). When the environmental exposure
factors were considered, only few studies were found to have
shown a higher risk of prostate cancer associated with the occupa-
tional cadmium exposure. However, inconclusive results show a
link with non-occupational exposures (Potts, 1965; Aronson
et al., 1996; Kolonel and Winkelstein, 1997; Chen et al., 2005;
Sahmoun et al., 2005; Vinceti et al.,, 2007). While our previous

Abbreviations: UCd, creatinine-adjusted urinary cadmium level; UCd, urine
cadmium level; BCd, blood cadmium level; OR, odds ratio; CI, confidence interval.
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study failed to prove that higher cadmium level in the body can
predict the onset of prostate cancer, it showed that higher cad-
mium level can serve as a predictor of advanced cancer phenotypes
(Chen et al., 2009).

In prostate cancer screening, the PSA measured in the blood has
been used as an effective marker for the early detection of prostate
cancer (Carter et al., 2006; Andriole et al., 2009; Schroder et al.,
2009). Prostate cancer patients have rising PSA levels. The link be-
tween cadmium exposure, fat consumption, and PSA levels with
prostate cancer may indicate a relationship between PSA level
and cadmium exposure. Limited studies have investigated whether
the PSA in the blood is associated with cadmium burden in men
(Zeng et al., 2004; van Wijngaarden et al., 2008; Satarug et al.,
2010). This study determined and compared the BCd and UCd lev-
els in association with PSA levels.

2. Materials and methods
2.1. Subjects and data collection

Subjects for this study were 295 men, 50 years of age and older
receiving routine health examinations at a health center in Taiwan.
Each subject was asked to complete a questionnaire before taking
the health exam. With consent, additional fasting blood and
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urine specimens were collected from each person on the day of the
health exam. Men with known severe diseases were excluded from
recruitment. The questionnaire collected information on socio-
demographic characteristics, occupational history, tobacco and
alcohol use, diet, physical activity, height and weight history,
medical history, and family history of prostate cancer. This study
was performed with the approval of the institutional ethics
committee.

Using a food frequency questionnaire, each person reported
dietary intake history. The questionnaire was a validated instru-
ment and had been used in previous studies (Sung et al., 1999;
Chen et al, 2005). In brief, the questionnaire contained the
frequently consumed food items in Chinese families, reported at
daily, weekly, or monthly frequency. Information on smoking and
drinking, and other lifestyle items, were also provided. The ques-
tionnaire was validated with Cronbach’s alpha values ranging from
0.75 to 0.84.

2.2. Specimen collection and cadmium analysis

Fasting urine and blood specimens were collected at the sched-
uled health check-up appointment. A cadmium-free sterile plastic
cup attached to a plastic tube with a cone-like bottom was used to
collect the urine sample. Pre-screened cadmium-free heparin tubes
were used to collect 2-3 mL blood specimens. Specimens were
stored at 4 °C if analysis will be performed within a week after
the collection of sample. Samples were stored at —20°C for
specimen analysis, which will be performed at a later time. Urine
creatinine was determined and used to normalize urine cadmium
levels.

For analyses, we prepared 100 pL of blood mixed with 900 pL of
matrix modifier [0.2% nitric acid, 0.5% Triton®-X-100, and 0.2%
(NH4),HPO,], or 100 pL of urine mixed with 200 pL of matrix mod-
ifier [2.5% NH4H,PO, and 1.25% Mg(NOs),] (Feustel et al., 1982).
The BCd and UCd levels in specimens, quality control samples,
and standards with matrix modifier were determined using
Perkin-Elmer Model 5100 PC atomic absorption spectrometer
equipped with Zeeman background correction. Reference blood
samples were obtained from NYCOMED PHARMA AS, Oslo, Nor-
way. Urinary cadmium analysis was verified using the Inter-Labo-
ratory Comparison Program, Le Centre de Toxicology du Québec
(Sainte-Foy, QC, Canada). The spike tests showed recovery rates
of 100.7 £ 3.5% for urine analysis and 100.7 + 3.6% for blood analy-
sis. Urinary creatinine was used to adjust urine cadmium levels.
The health check-up program provided information on PSA, as well
as on biochemical examinations, including total cholesterol (TC),
low-density lipoprotein cholesterol (LDLC), and high-density lipo-
protein cholesterol (HDLC) of each participant. PSA was measured
by microparticle enzyme immunoassay (MEIA) using Abbott IMx
(Abbott Laboratories, Abbott Park, IL, USA). TC, HDLC, and LDLC
were measured by automatic biochemical analyzer (HITACHI
7150, Tokyo, Japan) and TC was quantified by peroxidase method;
HDLC was quantified by HDLC direct method. LDLC was calculated
by Friedewald’s equation (Friedewald et al., 1972).

2.3. Statistical analyses

Levels of PSA, TC, HDLC, LDLC, and TC in relation to HDLC ratio
among participants were compared by age (50-59, 60-69, and 70
and above years) with means * standard deviations (SD), medians,
and 5th-95th percentiles. Wilcoxon rank-sum test was used to as-
sess the differences. Categorical distributions of BCd and UCd in
quartile levels, and the median-cut TC, HDLC, and LDLC levels as
well as TC-to-HDLC ratio were compared between normal and
abnormal PSA levels (<4 vs. >4 ng mL™!). The categorical distribu-
tions were tested using Chi-square. We also used the logistic

regression analysis to measure whether the abnormal PSA
(=4 ngmL™") was associated with BCd and UCd levels.

3. Results
3.1. Study subjects

A total of 295 men aged 50 years and older participated in this
survey, with 177 (60%) of subjects never drunk, 82 (27.8%) men
smoked, 72 (24.4%) men quitted smoking, and 139 (47.1%) men
never smoked (data not shown).

3.2. PSA distributions of study subjects

Table 1 showed that both mean and median levels of PSA were
higher in men aged 60 years and above than in men aged 50-
59 years. There were only 24 men with the PSA levels of
>4.0ngmL™'. The prevalence for men with PSA levels of
>4.0ngmL™! increased from 6.3% for those in the 50-59 years
of age, to 8.7% in men 60-69 years of age and to 13.3% in men aged
70 years and above. TC and TC-to-HDLC ratio decreased as age

Table 1
Levels of prostate specific antigen (PSA), lipids, and cadmium in blood and urine by
age.

Age, years p-Value?
50-59 60-69 70+
PSA (ngmL~")
n 143 104 45 0.02
Mean = SD 1.38+1.73 1.86 £2.03 1.83+1.73
Median 0.9 1.15 1.01
5th-95th percentile 0.3-4.3 0.4-5.8 0.4-5.8
>4.0, % 6.3 8.7 133
Total cholesterol (mg dL™")
n 144 105 45 0.04
Mean = SD 217.1+37.6 2089+40.7 201.8+27.8
Median 216.5 210 2035
5th-95th percentile 159-284 147-272 156-247
<130, >200, % 62.5 57.1 52.2
HDL cholesterol (mg dL™")
n 141 99 46 0.29
Mean = SD 459 +12.1 47.6+11.0 473 +11.9
Median 44 47 46
5th-95th percentile 30-71 33-70 31-70
<35, % 17.7 12.1 15.2
LDL cholesterol (mg dL™")
n 141 99 46 0.06
Mean = SD 129.0+27.9 137.7+353 141.9+33.0
Median 133.5 135 142
5th-95th percentile 82-172 72-196 95-205
>160, % 26.2 26.3 13.0
TC/HDL_C ratio®
n 141 99 46 0.02
Mean = SD 495+1.28 455+1.19 449 +1.11
Median 4.7 4.5 4.45
5th-95th percentile 3-7.2 3-7 3.2-6.9
<3.0,>5.7, % 35.5 171 15.2
Blood cadmium (ugL™")
n 142 105 46 0.48
Mean = SD 1.16 £1.10 1.18 £0.89 1.33+£1.15
Median 0.8 0.88 0.92
5th-95th percentile 0.13-3.35 0.19-3.01 0.27-3.62
Urine cadmium (ug Cd~' g~ cre.)
n 144 105 46 0.13
Mean = SD 1.24£1.92 1.44 £1.47 1.67 £1.82
Median 0.86 1.11 1.06
5th-95th percentile  0.10-3.32 0.12-3.44 0.09-5.96

¢ Wilcoxon rank-sum test.
b Total cholesterol to HDL cholesterol ratio.
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Table 2
Associations between prostate specific antigen (PSA) and blood cadmium, urine
cadmium, and lipid.

PSA, ng mL~! p-Value
<4 >4
n (%) n (%)
Blood cadmium (ugL™!)
BCd < 0.493 63 (23.4) 10 (41.7) 0.26
0.493 < BCd < 0.843 69 (25.6) 5(20.8)
0.843 <BCd < 1.413 69 (25.6) 4(16.7)
BCd > 1.413 68 (25.3) 5(20.8)
Urine cadmium (ug Cd~' g~ cre.)
ucd < 045 64 (23.6) 10 (41.7) 0.20
0.450 < UCd < 0.945 69 (25.5) 5(20.8)
0.945 <UCd < 1.73 68 (25.1) 6 (25.0)
ucd>1.73 70 (25.8) 3(12.5)
Total cholesterol (mg dL™")
<210 136 (50.2) 11 (45.8) 0.68
>210 135 (49.8) 13 (54.2)
HDL cholesterol (mgdL™")
<45 136 (50.2) 18 (75.0) 0.02
>45 135 (49.8) 6 (25.0)
LDL cholesterol (mgdL™")
<137 143 (52.8) 10 (41.7) 0.181
>137 135 (49.8) 14 (58.3)
TC/HDL_C ratio
<46 154 (56.8) 5(20.8) 0.001
>4.6 117 (432) 19 (79.2)
Table 3

Odds ratio and 95% confidence interval for elevated
prostate specific antigen with significant association
with blood cadmium.

PSA > 4ngmL™!
0Odds ratio (95%CI)

Age, year

50-59 1.0

60-69 1.7 (0.6-4.6)

70+ 2.9 (0.9-9.0)

TC/HDL_C ratio

<46 1.0

>4.6 5.9 (2.1-16.7)

Blood cadmium (ugL™")

BCd < 0.493 1.0

BCd > 0.493 0.4 (0.1-0.9)
Table 4

0Odds ratio and 95% confidence interval for elevated prostate
specific antigen with more significant association with urine

cadmium.
PSA > 4ngmL™!
0dds ratio (95%CI)
Age, year
50-59 1.0
60-69 1.7 (0.6-4.6)
70+ 2.7 (0.9-8.5)
TC/HDL_C ratio
<46 1.0
>4.6 5.4 (1.9-15.1)
Urine cadmium (ug Cd~' g~ cre.)
ucd < 0.45 1.0
ucd > 0.45 0.4 (0.2-1.0)

increased (p = 0.04 and p = 0.02, respectively). Means of both BCd
and UCd levels increased with age but were not significant. For
all men, the means + SDs of BCd and UCd were 1.19+1.04 ug L™!
and 1.37 £ 1.76 ug g~ ! creatinine, respectively.

3.3. Relationships between blood cadmium and urine cadmium

Men with PSA levels of >4.0 ng mL~" were more likely to have
lower BCd (<0.49 pug L~!) and lower UCd (<0.45 pg g~ ! creatinine),
but the differences were not significant in the quartiled distribu-
tions of the BCd and UCd levels (Table 2). Likewise, no significant
correlations between abnormal PSA and TC and between abnormal
PSA and LDLC were observed. However, men with abnormal PSA
were more likely to have HDLC < 45 mg dL~! and more likely to
have TC-to-HDLC ratio > 4.6. The multivariate logistic regression
analysis showed that men with PSA > 4.0 ng mL~' had an odds
ratio of 0.4 (95% CI=0.1-0.9) to have BCd>0.49 pg L™, and 0.4
(95% Cl=0.2-1.0) to have UCd > 0.45 nug g~ ! creatinine (Tables 3
and 4).

4. Discussion

Although the benefit of prostate cancer screening is still debat-
able, PSA has been used as a routine biological tumor marker in
prostate cancer detection (Smith et al., 1997; Thompson et al.,
2004). With the US Food and Drug Administration approval, the
PSA test along with the digital rectal examination has become an
effective procedure for the early detection of the tumor (Andriole
et al., 2009; Schroder et al., 2009). Among the 126,462 PSA-based
tests in the European Randomized Study of Screening for Prostate
Cancer, 16.2% were positive for ages between 50 and 74 years
(Schroder et al., 2009). Only 8.1% of the PSA tests in our study were
positive, reflecting that Asian men are at lower risk of the tumor.

Among the etiologic factors associated with prostate cancer,
cadmium contribution is relatively rarely studied, particularly for
the general population because of low level of exposure and varia-
tion in the body burden. The prostate is one of the organs respon-
sible for cadmium deposition (Satarug et al., 2010). High level of
cadmium exposure has been considered as a factor that can induce
prostate cancer. It is possible that an elevated PSA may be associ-
ated with higher cadmium exposure. However, limited evidence
to establish this association exists.

van Wijngaarden et al. (2008) have used the 2001-2002 US
National Health and Nutrition Examination Survey (NHNES) data
to evaluate the association between PSA levels and UCd concentra-
tions. They found no significant association among men with
higher zinc intake. However, the PSA level increased with the
increase of cadmium intake of men with low zinc intake. In
general, higher zinc burden in the human body may compete with
cadmium intake and deposit. The BCd level is probably low when
zinc burden is high in the human body.

Another study conducted in China found that PSA level in-
creased when the cadmium intake and UCd concentration in-
creased among men living in areas with different exposures to
cadmium from river water (Zeng et al., 2004). They also found that
men with positive digital rectal exam had higher BCd levels but
lower UCd levels. Our study shows that PSA levels are reversely
associated with both BCd and UCd levels. Those with abnormal
PSA (>4.0ngmL!) had an odds ratio of 0.4 associated with
elevated BCd and UCd.

The median BCd level in our study sample was slightly higher
than those of Italian men (0.84 pg L~ vs. 0.7 pg L~!) with occupa-
tional exposure, but significantly higher than those of Swedish
men (Baecklund et al., 1999; dell'lOmo et al., 1999). The median
UCd level in our sample was also higher than the mean value mea-
sured for 22,162 American men (0.94 ugg~' creatinine vs.
0.48 ug g~ ! creatinine) (Paschal et al., 2000). These ecological vari-
ations reflect environmental exposure differences. In our study
population, the main source of cadmium exposure is from smok-
ing. Further analysis showed that men who smoked had an odds
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ratio of 3.2 (95% CI = 1.7-6.2) to have higher BCd, and an odds ratio
of 2.5 (95% CI=1.2-1.5) to have higher UCd, after controlling for
age, occupation, alcohol drinking, contents of blood calcium and
blood iron, and intake of fishes and shell fishes (data not shown).

Animal study has shown that cadmium is a carcinogen for rats.
Our previous study failed to prove that cadmium can predict the
occurrence of prostate cancer (Chen et al., 2009). The possibility
of PSA level being associated with cadmium burden in humans
was not supported by the findings of the study. Approximately,
41.7% of men with PSA greater than 4 ng mL~! have both the BCd
and UCd at lower quartiles. The elevated PSA is significantly asso-
ciated with low BCd and low UCd. Instead, we found a significant
negative association between PSA and HDLC. Men with HDLC
greater than the median value of 45 mg dL~! are less likely to have
the PSA > 4.0 ng mL~'. These findings indicate that high HDLC has a
negative association with PSA, but levels of cadmium in blood and
urine are reversely associated with PSA.

5. Conclusions

This study suggests that an elevated HDLC level has a negative
association with PSA. PSA levels are also reversely associated with
BCd and UCd levels. Further studies need to investigate the impact
of cadmium to prostate.
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