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Abstract

The purpose of this study was to examine the distribution of prostate-specific antigen levels among Chinese,
Malays and Indians in Singapore, taking the effect of age into consideration. The study was carried out as part
of the Singapore Prostate Awareness Week from 23-26th February 2004. Men above 50 years old went to four
government-restructured hospitals to participate in the study. Participants filled up a questionnaire and provided
5 ml of blood for measurement of PSA levels using the Abbott IMx Total PSA assay (Abbott Laboratories).
3,486 men responded to the study, comprising 92.8% Chinese, 3.0% Malays, 2.5% Indians and 1.8% Others.
92.7% of them had PSA levels of Ag/L or less. There were no significant differences (p<0.05) between the mean
PSA levels of Chinese (1.60g/L), Malays (1.39ug/L), Indians (1.23pg/L) and Others (1.70ug/L). PSA levels
were significantly associated with age (Spearman’s r= 0.27, p<0.01). PSA levels increased with each 10-year age
group and these trends were significant (p<0.0001) across both PSA group levels and age groupings. li<8e
and >50-60 years age groups, the prevalence of PSA levelgmgd were 1.1% and 3.7% respectively. This rose
rapidly to 11.3% and 23.5% for age groups >60-70 and >80 years respectively. Our study shows that the median
PSA levels in the Caucasian population in the USA are higher than those of Chinese, Malays and Indians in
Singapore. PSA levels were positively associated with age. It may be more appropriate to offer PSA testing to
men who are >60 years old rather than the current >50 years.
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Introduction screening and detection of prostate cancer cases.
The PSA test was developed as an assay for an

The incidence of prostate cancer in different parts afnmunologic marker that corresponded well with clinical
the world differs quite markedly (GLOBOCAN, 2002). stage in patients known to have prostate cancer (Stamey
The factors responsible for the differences remain uncleast al., 1987). It was subsequently found to be able to
The age-standardized rates (world standard) of thidentify prostate cancer in men not known to have the
incidence of prostate cancer could range from 124.8 arwhncer (Catalona et al., 1991). Since then, PSA screening
90.9 per 100,000 in USA and Sweden, respectively, tavas widely adopted in many countries even before there
12.6 per 100,000 in Japan and 1.7 per 100,000 in Chimeas any evidence of its effectiveness in reducing prostate
(GLOBOCAN, 2002). Although the incidence of prostatecancer mortality.
cancer in Singapore is not as high as that of the USA or Men with prostate cancer generally exhibit elevated
the Nordic countries, it is on the rise. Prostate cancer Isvels of PSA in their serum; this tumor marker is now
now the fifth most frequent cancer among Singaporeafnequently used for prostate cancer screening, diagnosis
males, and the incidence has been increasing steadily oxaerd monitoring of response to therapy (Oesterling, 1991).
the last 35 years. The average annual rate of increa$e date, studies conducted to establish normal serum PSA
between 1968 and 2002 was 5.6%, with the last 10 yearalues have involved study populations that have included
having seen a relatively steeper increase. The age-adjustéarth America, Europe, Japan, Korea and China. To our
risk of this cancer in 1998-2002 was 17.4 compared tknowledge, there are no reports of population studies
4.2 per 100,000 in 1968-1972 (Seow et al., 2004). Whatvolving Southeast Asian countries. Singapore is situated
could be the factors that could have contributed to thiat the tip of the Malayan peninsula with a mix of three
increase especially after the 1990’s? One possible reaskamnge ethnic groups viz. Chinese, Malays and Indians in
could be the use of the prostate-specific antigen test hrer population. The objective of this study was to study
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Table 1. Characteristics of the Study Population by Ethnic and Age Groupings

Age (years) Ethnicity Chinese Malay Indian Others Total
<=50 166 5.2% 3 2.9% 6 7.1% 8 13.3% 183 5.3%
>50-60 1,661 52.2% 64 62.7% 46 54.8% 27 45.0% 1,798 52.5%
>60-70 1,134 35.7% 30 29.4% 23 27.4% 18 30.0% 1205 35.2%
>70-80 202 6.4% 5 4.9% 9 10.7% 6 10.0% 222 6.5%
>80 16 0.5% 0 0.0% 0 0.0% 1 1.7% 17 0.5%

Total 3,179 92.8% 102 3.0% 84 2.5% 60 1.8% 3,425 100.0%

the distribution of PSA levels among the Chinese, Malaypg/L) to see the PSA level trend across the different age
and Indians in Singapore taking the effect of age intgroups. All statistical analyses were performed using SPSS

consideration. version 11.0 (SPSS Inc., Chiacago, Illinois).
Materials and Methods Results
Study Subjects and Data Collection Some 3,486 men responded to the study during the

This study was carried out as part of the SingaporPAW campaign. Of these, 20 did not provide blood
Prostate Awareness Week (PAW) from 23-26 Februargamples. These subjects with missing PSA level data were
2004, which was organized by the Singapore Urologicahot statistically different with regards to age or ethnicity.
Association. The PAW included health education messagdable 1 shows the characteristics of the study subjects by
on prostate diseases that occur in ageing men, namegthnic and age groupings. Although the study was only
benign prostate hyperplasia, prostatitis and prostate cancepen to men above 50 years old, there were 183 subjects
The PAW campaign was announced in the loca{meant SD age was 4& 2.2 years, range 41-50 years)
newspapers and men above the age of 50 years weayrder 50 years of age who wanted to participate in the
invited to go to any of four government-restructuredstudy. These subjects were included in our analysis.
hospitals to participate in the study. Participants wer€hinese subjects constituted the majority (92.8%); with
asked to fill up a questionnaire and provide 5 ml of bloodalays, Indians and Others forming the remaining, at
sample for measurement of their PSA levels. Signe8.0%, 2.5% and 1.8% respectively (Table 1). The “Others”
informed consent was obtained from all participants angroup is made up of ethnic minorities in Singapore. The
the relevant Institutional Ethical Review Boards approvediistribution of the age groups (10-year intervals) was fairly
the study. Men with known prostate conditions who weraimilar among the four ethnic groups with the 50-60 years
previously under treatment were excluded from the studyge group being the majority followed by the 60-70 years

age group (Table 1).
Laboratory Analysis 92.7% of all the study’s subjects had PSA levels of 4

All serum samples from the four institutions werepug/L or less. Table 2 shows the PSA levels of the three
couriered to a designated laboratory to prevent intemain ethnic groups in Singapore compared with other
laboratory variation in measurements of PSA levels. Theopulation groups. There were no significant differences
free serum total PSA level was assayed by immunometri@p<0.05) in the means of PSA levels of Chinese (fug0
analysis using the Abbott IMx Total PSA assay kit (Abbottl), Malays (1.39ug/L), Indians (1.23ug/L) and Others

Laboratories). (1.70 pg/L) using the one-way analysis of variance
(ANOVA).
Statistical Analysis PSA levels were significantly associated with age

The relationship between serum PSA and age waSpearman’s r= 0.27, p<0.01). PSA level increased with
described and tested using Spearman nonparameteach 10-year age group and these trends were significant
correlation. We divided subjects into 10-year age group§<0.0001) between different PSA groups levels and
to study the influence of age on serum PSA levelsdifferent age groupings (Table 3). In &80 and >50-60
ANOVA was used to test for differences in the means ofears age groups, the prevalence of PSA levelsghd
PSA levels among the different ethnic groups as well avere 1.1% and 3.7%, respectively. However, the
between the different age groups. We also divided seruprevalence rose rapidly to 11.3% and 23.5% respectively
PSA levels into three groups (18/L, >2-4pg/L and >4 for age groups >60-70 and >80 years (Table 3).

Table 2. Median PSA levels ((g/L)) According to Age among Caucasian, Japanese, Korean, Chinese (China),
Chinese (Singapore), Malay and Indian men

Age group Caucasian #  Japanese” Korean* Chinese + Chinese Malay Indian
(years) (USA) (China) (Singapore)  (Singapore) (Singapore)
40-49 0.7 0.6 0.77 0.54 0.7 0.5 0.8
50-59 1.0 0.7 0.83 0.82 0.8 0.6 0.9
60-69 1.4 0.9 1.01 0.93 1.2 15 1.2
70-79 2.0 14 1.24 1.17 14 19 1.8

# Oesterling et al, 1993; » Oesterling et al, 1995; * Lee et al, 2000; + He et al 2004
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Table 3. PSA Levels |[{g/L) by Study Population Age Groups

Age group (years) <50 >50-60 >60-70 >70-80 >80 Total
0-2 169 92.3% 1,556 86.9% 848 70.9% 138 63.6% 9 52.9% 2,720  79.9%
>2-4 12 6.6% 168 9.4% 213 17.8% 43 19.8% 4 23.5% 440 12.9%
>4 2 11% 66 3.7% 135 11.3% 36 16.6% 4 23.5% 243 7.1%
Total 183 1790 1196 217 17 3403

p-value for chi-square trend test is significant at <0.0001 for all three groups of PSA levels against age groups

There were significant differences in the mean PS/Aof the campaign was to educate the public on prostate
levels for age groug50 years compared with all the diseases that occur in ageing men, namely, benign prostate
different age groups. Likewise, there were also Signiﬁcanhypermasia, prostatitis and prostate cancer. The PAW
differences in the mean PSA levels for different age groupgampaign was announced in the local newspapers and men
(Figure 1). There was generally a progressive increase iibove the age of 50 were invited to go to any of four
the mean PSA levels for each of the age groups within thgovernment-restructured hospitals to participate in the
Chinese, Malays and Indians. However, this relationshigtudy. There was no systematic sampling of the subjects
was not so clear in the “Others” ethnic group (Figure 2)and thus biases could be introduced. As such, the subjects

included in the study would consist of men who could
Discussion possibly have different types of prostate diseases as well
as healthy men. Although the subjects were asked about

This study was conducted as part of a Prostatgheir medical conditions, we did not ascertain their
Awareness Week (PAW) programme where the main airgonditions against medical records, as this was not
available to us. Thus, the results of the PSA levels in the
subjects could reflect an underlying prostate disease (e.g.
benign prostate hypertrophy, prostate cancer, etc). If this
were so, then these men with prostate diseases would skew
the PSA levels. However, we do not think this is likely as
men with known prostate conditions previously under
treatment were excluded from our study. Moreover, men
with prostate diseases (with symptoms) would have been
seen by a urologist and PSA tests would have been done.
Thus, it is unlikely that they participated in this health
education campaign on prostate diseases, as their doctors
would have already educated them on their conditions.

It is a well-documented phenomenon that health
conscious men are those who usually respond to any health
education or disease screening campaign while the reverse
Figure 1. Mean and 95% Confidence Interval (CI) of s true for those who are not health conscious. Other than
PSA levels by Age Groups urethral instrumentation, no definite lifestyle habits have
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Figure 2. Mean and 95% Confidence Interval (Cl) of PSA levels by Ethnicity and Age Groups
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been found to strongly correlate with PSA levels. As suchpld should go for PSA testing rather than the current >50

the health consciousness of men who participate in thigears. Of course it would also be dependent on the

study is unlikely to affect the PSA levels significantly. detection rate of prostate cancer based on the currently

Most prostate diseases, with the exception of prostatitiglefined PSA level of >fig/L. We are in the process of

are unlikely to have any symptoms at the early stageanalyzing this part of the data.

Therefore, it is possible that men with an underlying In conclusion, we have found that the median PSA

prostate disease (e.g. benign prostate hypertrophy, prostd#é®els in the Caucasian population in the USA are higher

cancer, etc) could still be included in the study. Hereirthan Chinese, Malays and Indians in Singapore. There

also lies the strength of this study, as we would includgvere no significant differences in the mean age-specific

both men with and without prostate diseases, which igroup PSA levels for Chinese, Malays and Indians. PSA

what a population-based study of PSA levels shouldevels were positively associated with age. Hence, it may

reflect. be more appropriate to offer PSA testing to men who are
Chinese constituted 92.8% of the subjects, which is60 years old rather than the current recommendation of

above the population average of 80% for Chinese males50 years old.

=50 years old. Conversely, Malays (3.0%), Indians (2.5%)

and Others (1.8%) (Table 1) were under represented f

males>50 years old for Malays (10.1%), Indians (8.4%)(|3C§(:"fer(:"nces

and Others (2.5%) in Singapore (Singapore Departme®iatajona WJ, Smith DS, Ratliff TL, et al (1991). Measurement

of Statistics, 2003). The study population does not reflect of prostate-specific antigen in serum as a screening test for

Singapore’s ethnic distribution and thus the study of PSA  prostate canceN Engl J Me¢324, 1156-61.

levels cannot be extrapolated to the entire population. Ferlay J, Bray F, Pisani P et al (2002). GLOBOCAN : Cancer
Across all the age groups, the median PSA levels of Incidence, Mortality and Prevalence Worldwide IARC

Singaporean Chinese were slightly higher compared to CancerBase No. 5. version 2.0, IARCPress, Lyon,

that of the Chinese from China except for ages 50-59. 2004.GLOBOCAN 2002, IARC. Crude and Age-

. . i . h : -
This is understandable given that He et al. (2004) only dséznig?gcfj:/s'e(ldaéx%:lg?ssr:ée;é fﬂzrrclhog(’)%g()) tp:/hwww

recruited subjects Who_dld npt have “prior diagnosis of, D, Wang M, Chen X, et al (2004). Ethnic differences in
prostate cancer, a previous history of prostate surgery, or jstribution of serum prostate-specific antigen: a study in a
prostatitis...” (He et al., 2004). For our study, everyone healthy Chinese male populatidsrology, 63, 722-6.

who came for the PAW campaign was included in the.ee SE, Kwak C, Park MS, et al (2000). Ethnic differences in
analysis. The Singapore Chinese median PSA levels for the age-related distribution of serum prostate-specific antigen
all the different age groups were comparable to that of Vvalues:astudy in a healthy Korean male populatieviogy,

the Japanese and Koreans. Generally, Caucasian median 96 1007-10. B o
PSA levels, for all age groups (Table 2), are still highepesterllng JE (1991). Prostate specific antigen: a critical

. . assessment of the most useful tumor marker for
than the Japanese, Koreans, Chinese (from China and adenocarcinoma of the prostateJrol, 145 907-23.

Singapore), Malays gnd Indians. Our observations are |Besterling JE, Jacobsen SJ, Chute CG, et al (1993). Serum
agreement with previous reports (He et al., 2004; Lee et rgstate-specific antigen in a community-based population
al., 2000) citing that Caucasians have generally higher of healthy men: establishment of age-specific reference
PSA levels compared to Koreans and Chinese from China. rangesJAMA 270 860-4.
Given the small sample sizes in each of the age groug3esterling JE, Kumamoto Y, Tsukamoto T, et al (1995). Serum
(Table 1) for the Malays and Indians, it would be premature ~ Prostate-specific antigen in a community-based population
to make any inference regarding their median PSA levels. ©°f hga'tr:‘_i’ Japaé]eieumcler;:slo?ﬁsr E:/;Iues than for similarly

; ; aged white merBr J Urol, 75, 347-53.
Although there were dlfferences in the mean PSA IeVel%eow A, Koh WP, Chia KS, et al(2004). Trends in cancer
between the four ethnic groups, these differences were

S . . incidence in Singapore 1968 — 2002. Singapore Cancer
not significant at p<0.05. This observation was also true Registry Report No. 6. Singapore Cancer Registry.

for the different ethnic groups stratified by their 10-yearsiamey TA, Yang N, Hay AR, et al(1987). Prostate specific

age groups (Figure 2). antigen as a serum marker for adenocarcinoma of the
We found that PSA levels were positively associated prostateN Engl J Me¢317, 909-16.

with age. This finding has also been reported in thé&earbook of Statistics Singapore 2003. Singapore Department

American Caucasian and Japanese groups (Le et al., 2000). of Statistics.

Since PSA is produced in the prostate and the prostate

generally enlarges after age 50, the increase in PSA levels

with age is understandable. The age group >50-60 years

constituted 11.8% of the Singapore population in 2003.

The prevalence of PSA levels pd/L was 3.7% for this

age group. But the prevalence rose by three fold in the

age group >60-70 years to 11.3% (Table 3). The current

international recommendation is to offer a PSA test for

men >50 years old. In light of our study’s findings on the

large differences in the age-specific prevalence rate of

elevated PSA, perhaps in the context of Singapore, it may

be more appropriate to suggest that men who are >60 years
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