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Abstract

Few studies have addressed racial differences in prostate cancer (PCa) detection between Western and Arabian countries,
although PCa has a significantly lower prevalence in Arabic populations compared to Western populations. Therefore, an
explanation of this difference is lacking. Serum prostate-specific antigen (PSA) is a valuable marker used to select patients who
should undergo prostate biopsies, although the manner in which it is used may require adjustments based on the ethnic
population in question. We investigated racial differences in the PCa detection rate between Canadian and Saudi populations.
A retrospective analysis was performed of data collected prospectively over 5 consecutive years in urology clinics at the McGill
University Health Center (MUHC) and King Saud University Hospital (KSUH). Men who had high (>4 ng/mL) or rising PSA
levels and a negative digital rectal examination were eligible. A total of 1403 Canadian and 414 Saudi patients were evaluated
for the study; 717 and 158 men, median age 64 and 68 years, were included in the MUHC and KSUH cohorts, respectively,
P<0.0001). Median serum PSA, prostate volume, and PSA density values were 6.1 ng/mL, 47.3 g, and 0.12 ng-mL~"-g™",
respectively, for MUHC patients and 5.2 ng/mL, 64.5 g, and 0.08 ng-mL™"-g™", respectively, for KSUH patients (P<0.0001,
t-test followed by one-way ANOVA). In addition, the KSUH group had a significantly lower PCa detection rate among patients
younger than 60 years of age and with PSA values <10 ng/mL.
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Introduction

Prostate cancer is a common health problem that
begins to develop in men at 50 years of age and reaches
its peak at 70 years of age in the majority of cases.
Variations in the incidence and prevalence of prostate
cancer exists among Western, Asian, and Arabic popula-
tions. The highest incidence of this disease is in the
United States and Canada followed by European coun-
tries, whereas the incidence is lower in Asian populations
and lowest in Arabic populations (1,2). While the
incidence of prostate cancer was reported to be approxi-
mately 100 to 127 per 100,000 men in the United States
(3), this rate was as low as 3.1, 3.3, and 6.5 per 100,000
men in Saudi Arabia (4), Oman (5), and Kuwait (6),
respectively. This marked difference in the prostate
cancer incidence and prevalence between Western and
Arabic countries is interesting, and many researchers
have attempted to discover potential explanations for this
dissimilarity.

One theory for this difference in prostate cancer
prevalence is male circumcision, which is practiced in
most Arabic countries as a religious obligatory act related
to Islam and is performed during the first months of an
infant’s life. Morris (7) reported that male circumcision
serves as a surgical vaccine that protects against genital
and urinary bacterial and viral infections and protects
against penile and prostate cancer. In a study of 20,243
men in Finland, HPV-18 infection was associated with a
2.6-fold increase in the prostate cancer risk (P<0.005)
(8); similarly, there was a 2.4-fold increased risk for HPV-
16 infection. These findings are also similar to data
showing increased levels of penile HPV infection in
uncircumcised men (9). Many investigators have linked
HPV infection to the etiology and progression of prostate
cancer (8,10), and some studies have reported that
uncircumcised men have more than twice the prostate
cancer incidence as those who are circumcised (11,12),
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which may explain why prostate cancer is relatively rare
among Jewish men.

Another theory for the difference in prostate cancer
prevalence between populations is related to environ-
mental factors and dietary habits. For example, it was
demonstrated that the age-standardized prostate cancer
incidence rate is lower in Asian countries than in the
United States and European countries, although the
incidence rate for Asians living in the United States is
substantially higher than that of those living in their
homelands (13). In addition, migration studies (14) have
reported an increase in prostate cancer incidence among
Asian men after emigration to the United States. Similarly,
a study from Egypt (15) confirmed higher vegetable intake
as a significant factor for prostate cancer risk reduction,
and a systematic review (16) confirmed that a diet low in
fat and meats but rich in vegetables and fruits is
recommended for reducing prostate cancer risk. In
contrast, a study of Arab Americans living in the Detroit
metropolitan area, which was identified by a MEDLINE
search for cancer risk in Arab Americans, concluded that
Arab Americans possess similar cancer patterns as those
in their home country, which is contrary to the previously
mentioned migration studies (17).

A third theory for the difference in prostate cancer
prevalence involves racial differences in the serum
testosterone level during adulthood. Kehinde et al. (18)
studied differences in the serum testosterone levels of
Arab and German patients with diseases other than
prostate cancer and demonstrated a significantly lower
testosterone level in the middle age group from the Arab
population (<30 years), suggesting that the relatively
lower serum testosterone level in that age group may be
protective in the long run. This theory is based on findings
in Kuwait and Oman, but it remains to be determined
whether these findings are applicable to all Arabic
populations. In addition, a recent study of Emirati Arabs
demonstrated that Emirati men have normal serum
testosterone levels that may be well maintained in older
age groups and that this maintenance was attributable to
innate ethnic characteristics (19). A Jordanian study (20)
also detected a higher mean serum prostate-specific
antigen (PSA) level in all age groups examined, suggest-
ing that Jordanian men maintain a reasonably stable
testosterone level throughout life. According to the study
by Catalona et al. (21), the serum testosterone level has a
significant effect on the total PSA level; however, it
remains unclear whether higher serum testosterone levels
are associated with higher prostate cancer risk. While
some studies demonstrated direct associations (22),
others failed to document an association between serum
testosterone level and prostate cancer risk (23).

The current study was designed to investigate racial
differences in prostate cancer detection rates between
Canadian and Saudi populations and to investigate racial
differences in the use of age and prostate volume
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adjusted serum PSA level as indirect markers of circulat-
ing androgens between ethnic groups.

Patients and Methods

Data were collected from patients examined at McGill
University Health Centre (MUHC) and King Saud
University Hospital (KSUH) over 5 consecutive years for
prostate cancer detection. The inclusion criteria selected
men who received a trans-rectal ultrasound (TRUS)-
guided prostatic biopsy due to a single high serum PSA
level (PSA =4 ng/mL), or a rising serum PSA level upon
repeated measurements, and the absence of a suspicious
mass on digital rectal examination. All aspects of this
study were approved by the ethics committees of MUHC
and KSUH, and all patients provided written informed
consent according to the Declaration of Helsinki.

Based on the above criteria, 717 and 158 men from
the MUHC and KSUH, respectively, were included in the
study. The data collected included patient age, serum
PSA level, prostate volume, PSA density (PSAd), and the
prostatic biopsy result (i.e., cancer vs no cancer). Prostate
volume was measured in both groups using a prolate
ellipsoid formula with a TRUS. Prostate biopsies were
performed using the current standardized template.

To correlate the age-adjusted serum PSA level, both
cohorts were divided into four age groups: <50, 50-59,
60-69, and =70 years. To correlate prostate volume and
cancer rate with the serum PSA level, both cohorts were
divided into three groups according to serum PSA level:
<4, 4 to <10, and =10 ng/mL. To study racial differences
in the level of PSA secretion from the prostate, we
combined all the cases into a single cohort and calculated
the 25th, 50th, and 75th percentiles of prostate volume.
Both racial cohorts were then correlated with regard to the
resulting prostate volume percentiles.

Statistical analyses

Statistical analyses were performed using the Fischer
exact test, Student f-test, one-way analysis of variance
(ANOVA), and Mann-Whitney U-test. A MEDLINE
database search of all English language publications
concerning prostate cancer risk and serum PSA level in
Arabic and Western populations was performed.

Results

The median age of the MUHC and KSUH groups was
64 and 68 years, respectively (P<0.02). The median
serum PSA level and PSAd were significantly higher in the
MUHC group, whereas prostate volume was significantly
greater in the KSUH group. Table 1 illustrates the
differences between cohorts.

In each group, increasing patient age was associated
with a trend towards increasing levels of serum PSA and
PSAd, although this association was not statistically
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Table 1. Median values for the MUHC and KSUH groups.

MUHC KSUH

Number of patients 717* 158*
Age (years) 64* 68"
Median serum PSA (ng/mL) 6.17 5.2%
Median prostate volume (g) 47.3% 64.5"
Median PSAd (ng-mL~"-g™") 0.12% 0.08%
Cancer

No 366 136

Yes 351 (49%) 22 (14%)

Data are reported as median values. MUHC: McGill University
Health Center. KSUH: King Saud University Hospital. PSA:
prostate-specific antigen. PSAd: PSA density. *P=0.0001,
*P=0.02, ¥P<0.0001, t-test followed by one-way ANOVA.

significant. Table 2 reports the results of an ANOVA
performed for the age-adjusted clinical variables of each
group separately and a t-test for comparison between
groups.

By correlating patient age with the incidence of
detecting cancer upon prostatic biopsy in the MUHC
group, increasing patient age was significantly associated
with a higher incidence of detecting cancer upon prostatic
biopsy. In addition, although increasing patient age was
also associated with a higher incidence of detecting
prostate cancer in the KSUH group, it was not statistically

Table 2. Age-associated changes in PSA level, prostate volume,
and PSAd in the MUHC and KSUH groups.

Age (years) MUHC KSUH P

PSA (ng/mL)
<50 7 6.4 0.7
50-59 7 4.4 0.007
60-69 7.6 59 <0.0001
=70 7.2 35 0.008
P 0.7 0.2

Prostate volume (g)
<50 64 61.6 0.8
50-59 56 59 0.7
60-69 54 72 0.001
=70 55 79 <0.001
P 0.1 0.2

PSAd (ng-mL~"-g™")
<50 0.13 0.08 0.2
50-59 0.15 0.08 0.04
60-69 0.17 0.1 <0.0001
=70 0.16 0.28 0.04
P 0.4 0.8

Data are reported as median values. ANOVA was performed for
the age-adjusted clinical variables of each group separately and a
t-test was used for comparison between groups. See Table 1
legend for explanation of abbreviations.
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significant. There was also a significantly higher incidence
of cancer detection in the MUHC vs KSUH groups in all
age groups examined. Table 3 demonstrates the age-
adjusted prostate cancer incidence for each group
separately as well as the differences between groups.

Cancer incidence correlated with age, prostate
volume, and PSAd for the MUHC and KSUH groups
separately and collectively for each serum PSA category.
Table 4 demonstrates group characteristics with regards
to different PSA categories.

We next tested the association between PSAd (using
a cut-off value of 0.15) and cancer prevalence in the
McGill and Saudi groups individually. These correlations
are shown in Table 5.

Using the prostate volume 25th, 50th, and 75th
percentiles (35.66, 48.15, and 69.23 g, respectively), we
compared median serum PSA values between prostate
volume and racial groups. The results indicated that PSA
secretion was significantly lower in the reduced prostate
volume group (=48.15 g) in both the Saudi and McGill
cohorts, whereas PSA secretion tended to be similar
between ethnic groups among individuals with larger
prostates. Table 6 illustrates the relationship between
prostate volume percentile, serum PSA level, and cancer
detection upon TRUS-guided biopsy.

Discussion

Serum PSA is a widely used parameter for early
prostate cancer detection and monitoring. In Western
countries, men with a total PSA <2.5 ng/mL have a lower
probability of developing prostate cancer, whereas those
with a PSA >10 ng/mL have a >50% chance of
developing prostate cancer (21,24). PSAd is another
important parameter that was introduced by Benson and
colleagues (25) as a useful tool for increasing the
specificity of prostate cancer detection. Different PSAd
cut-off values, ranging from 0.1 to 0.15, have been
proposed by urologists, with the goal of increasing the
specificity of prostate cancer detection for values within
the “grey area” of the PSA range and avoiding unneces-
sary prostatic biopsies (26).

Table 3. Age-associated prevalence of prostate cancer in the
MUHC and KSUH groups.

Age (years) MUHC KSUH P
<50 17/44 (38%) 0/6 (0%) 0.06
50-59 161/393 (41%) 2/24 (8%) 0.001
60-69 397/750 (53%) 9/54 (16.6%) <0.0001
=70 114/216 (53%)  22/158 (14%) <0.0001
P <0.0001 0.5

Data are reported as number with percentages in parentheses.
See Table 1 legend for explanation of abbreviations. A f-test
followed by one-way ANOVA was used for statistical analyses.
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Table 4. Group characteristics with regard to the different PSA categories.

MUHC KSUH P
No cancer Cancer P No Cancer Cancer P
Whole cohort
Number 366 351 - 136 22 - <0.0001
Age (years) 63 65 <0.0001 68 70 0.2 <0.0001
PSA (ng/mL) 5.7 6.9 <0.0001 5.1 27 0.08 0.2
Prostate volume (g) 46 49 0.1 65 54 0.4 0.3
PSAd (ng-mL~"-g™") 0.10 0.14 <0.0001 0.07 0.2 0.4 0.8
PSA <4
Number 154 80 - 46 7 - 0.003
Age (years) 64 63 0.3 67 72.4 0.1 0.003
Prostate volume (g) 45 55 0.003 59 50 0.6 0.7
PSAd (ng-mL~"-g™") 0.05 0.05 0.7 0.03 0.01 0.09 0.01
PSA 4-<10
Number 560 444 - 52 0 - <0.0001
Age (years) 61.6 63.3 <0.001 67 - - -
Prostate volume (g) 56 57 0.8 77 - - -
PSAd (ng-mL~"-g™") 0.11 0.11 0.4 0.11 - - -
PSA =10
Number 0 165 - 22 10 - <0.0001
Age (years) 0 64 - 74 76 0.6 -
Prostate volume (g) 0 57 - 100 65 0.02 -
PSAd (ng-mL~"-g™") 0 0.4 - 0.19 6.7 0.01 -

Data are reported as median. See Table 1 legend for explanation of abbreviations. A t-test followed by one-way ANOVA was used for

statistical analyses.

Most of the available studies and recommendations
for prostate cancer are based on findings in Western
populations, although very few studies have been
performed to evaluate racial differences in serum PSA
levels. A Korean study (27) that examined 237 healthy
men demonstrated that the median serum PSA level was
0.8 and 0.9 ng/mL for men younger and older than 50
years, respectively. In addition, a study of the Turkish
population found the mean serum PSA and PSAd values
to be 1.5 ng/mL and 0.07 ng-mL™"-g™", respectively, for
men with a mean age of 56 years (28), and an Iranian
study (29) of 3758 men >40 years of age demonstrated a
mean serum PSA level of 1.6 ng/mL. Additionally, a study

Table 5. The association between PSAd and prostate cancer
prevalence in the MUHC and KSUH groups.

PSAd MUHC KSUH
(ng'mL~"-g™")

Nocancer Cancer Nocancer Cancer
<0.15 265* 193* 69+ 5+
>0.15 101 158 18 6

Data are reported as median values. See Table 1 legend for
explanation of abbreviations. *P<0.0001, *P=0.01 (t-test
followed by one-way ANOVA).
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of 396 Arabic men from Kuwait and Oman found a median
serum PSA level of 0.4 ng/mL (30), and a previous Saudi
population screening study conducted at the King Fahd
Hospital demonstrated mean serum PSA values of 0.8,
1.3, 1.8, and 2.3 ng/mL for men <50, 50-60, 60-70, and
>70 years of age, respectively (31). Because this was a
retrospective analysis, the biopsy criteria were subjective,
according to physicians’ clinical judgment. Thus, some
cases had PSA levels below or above 4.0 ng/mL that
probably did not undergo biopsy due to individual clinical
interpretation. This was a significant limitation of our study
and is inherent to any such retrospective review.

Our study differs from these previous studies because
we analyzed cohorts of patients who underwent a TRUS
prostatic biopsy. Based on elevated or rising serum PSA
levels, it was notable that the serum PSA level was
comparable in both racial cohorts among individuals
younger than 60 years of age who underwent a biopsy.
In older age groups, the serum PSA level and prostate
volume were significantly higher in the Saudi group than
the Canadian group, which was unexpected.

In agreement with the Catalona concept (21) regard-
ing the significant association between androgens and
serum PSA level, Saudi patients who underwent a TRUS
biopsy had a serum PSA level comparable to Canadian
men who underwent TRUS, although this finding may be
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Table 6. Relationship between prostate volume percentile, median PSA level, and cancer detection in the MUHC and KSUH groups.

Prostate volume (g) Serum PSA (ng/mL) P Cancer P
MUHC KSUH MUHC KSU

=35.66 5.9 2.4 0.002 169/360 2/19 0.001

>35.66-48.15 5.8 2.9 0.01 170/362 2/16 0.005

>48.15-69.23 6.3 6.3 0.7 179/352 5/25 0.002

>69.23 6.7 7.4 0.3 171/328 4/48 <0.0001

See Table 1 legend for explanation of abbreviations. A t-test followed by one-way ANOVA was used for statistical analyses.

contradictory to the previously proposed theory of lower
serum testosterone levels in Arabic populations as an
explanation for the lower prevalence of prostate cancer. In
addition, although the serum PSA level was high in the
Saudi group, the cancer incidence was significantly lower
in Saudi vs Canadian men among all age groups (0, 8,
16.6, and 14% for Saudi men vs 38, 41, 53, and 53% for
Canadian men aged 50, 50-59, 60-69, and =70 years of
age, respectively). In the MUHC group, increasing patient
age was also significantly associated with a higher
prostate cancer detection incidence upon biopsy,
whereas in the KSUH cohort, prostate cancer detection
was always significantly lower, and increasing patient age
was not associated with a significantly increased prostate
cancer detection rate. It was interesting to observe that
patients younger than 50 years of age in the KSUH cohort
who underwent TRUS biopsy because of high or rising
PSA levels (median PSA for that group was 6.4 ng/mL)
had an incidence of prostate cancer detection of 0% in
contrast to the Canadian cohort. The incidence of prostate
cancer detection in the KSUH group, although low for all
age groups, tended to be increased for individuals older
than 60 years of age, whereas in the MUHC group (and
even in the youngest age group, i.e., those younger than
50 years), PSA elevation corresponded to prostate cancer
in a large number of cases. Thus, although recommenda-
tions suggest that prostate cancer screening should begin
at age 50 in Western populations, our study may
recommend that screening in Arabic populations could
safely begin at age 60. The median PSA level for the
KSUH group was 59 and 35 ng/mL for patients 60-69 and
=70 years old, respectively, and this was significantly
higher than that observed in the MUHC group. However,
the incidence of detecting cancer using TRUS-guided
biopsy was significantly lower, and the median value was
14% for all age groups combined, which may suggest the
need to raise the recommended PSA value guiding the
administration of prostatic biopsy in Arabic populations.
This finding may also explain the significantly larger
prostate volume in the KSUH group for patients >60
years old and may suggest that benign prostatic
hyperplasia (BPH) could explain the rise in serum PSA
levels. Kehinde et al. (32) studied 160 Arabic men who
underwent a TRUS-guided biopsy with a serum PSA level
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>10 ng/mL, and these authors found that the incidence of
cancer detection was 11%, which is close to our value,
whereas the incidence of BPH and/or prostatitis was
detected in the majority of cases. As a result, these
previous authors concluded that a PSA >10 ng/mL tends
to be caused by BPH and/or prostatitis in the majority of
cases in Arabic populations.

Western studies have demonstrated that men subjected
to prostatic biopsy on a screening basis with a serum PSA
value <4 ng/mL had a prostate cancer incidence ranging
from 15 to 28%. Our study demonstrates that an increase in
the PSA level at the second visit, although remaining below
4 ng/mL, can improve cancer prediction by increasing the
positive detection rate by biopsy to 34%. In contrast, Arabic
studies have demonstrated cancer detection rates ranging
from 1.8 to 10.6%, compared to the 13% observed in the
KSUH group, and have considered rising PSA levels to
indicate cases that would benefit from biopsy. In the KSUH
cohort, the incidence of cancer detection among men with
PSA levels ranging from 4 to 10 ng/mL was zero, and the
actual cancer incidence of men in the KSUH group with a
PSA level <10 ng/mL serum was 6.6%, which is low,
considering the recommendation for prostatic biopsy of
Arabic men with PSA levels <10 ng/mL.

Although the PSAd was significantly higher in the
cancer group and a PSAd value of >0.15 was significantly
associated with a higher cancer detection incidence in the
MUHC and KSUH cohorts, this characteristic did not
appear to be a clinically valuable factor for inclusion in
prostatic biopsy decision making because the median
PSAd values were not significantly different between men
with or without cancer, after classifying patients according
to PSA values <10 ng/mL. Cookson et al. (33) also found
that the PSAd value did not discriminate between patients
with positive and negative biopsies and a PSA <10 ng/mL.

By correlating the prostate volume with the PSA level
in the MUHC and KSUH cohorts, small prostate volumes
were significantly associated with a higher PSA level in
the MUHC group, which could be explained by the higher
prostate cancer incidence found in that group, in addition
to the lower incidence of BPH or cancer in the KSUH
group. Although the prostate cancer incidence was
consistent and significantly lower in the KSUH group,
the insignificant difference in PSA levels in comparison to
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the MUHC group could be explained by the higher
prevalence of BPH in that group, and BPH is also present
in the majority of cases associated with high PSA levels in
Arabic populations.

Taken together, our data demonstrate that there is a
significantly lower prevalence of prostate cancer in Arabic
populations compared to Western populations, although
no current theory is able to explain this lower prevalence.
PSA is a valuable marker for the recommendation to
perform a prostate biopsy, although it is recommended
that its use for recommending a biopsy be adjusted based
on the geographic and/or ethnic differences in the
populations being investigated. In addition, it is possible
that a different set of PSA cut-offs may be required in the
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