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BACKGROUND: If the observed increasing incidence of prostate cancer and higher incidence in more affluent men are due to differences
in diagnostic sensitivity, an excess of asymptomatic low-grade tumours might be expected.
METHODS: We conducted a descriptive population-based study of incident cases of prostate cancer (International Classification of
Diseases version 10 codes for prostate cancer) in the West of Scotland, using the Scottish Cancer Registry data from 1991 to 2007.
Socio-economic circumstances were measured using the Carstairs score, and disease grade measured using the Gleason score.
Deprivation-specific European age-standardised incidence rates were calculated, and joinpoint regression analysis were used to
identify significant changes in trends over time.
RESULTS: A total of 15 519 incident cases of prostate cancer were diagnosed. Incidence increased by 70% from 44 to 75 per 100 000
cases between 1991 and 2007, an average annual growth of 3.6%. Men aged o65 years experienced the largest increase in
incidence. A widening socio-economic deprivation gap in incidence appeared from 1998 onwards in low-grade disease only. From
2003 to 2007, the deprivation gap (affluent to deprived) was 40.3 per 100 000 cases (Po0.001; trend), with rates 37% lower among
the most deprived compared with the most affluent. This deprivation gap represents an estimated 1764 cases of prostate cancer over
a 5-year period.
CONCLUSION: Prostate cancer incidence continues to increase; an increase in low-grade disease in affluent men may suggest that
prostate-specific antigen testing is responsible, but it does not explain the overall increases in all grades of disease.
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In developed countries, prostate cancer is now the most common
male cancer, accounting for 11.9% of the annual cancer burden.
Few risk factors are known for prostate cancer beyond age (Sakr
et al, 1996), ethnicity (Sakr et al, 1996; Ben-Shlomo et al, 2008) and
familial prostate cancer risks, which are greatest among first-
degree relatives (Johns and Houlston, 2003). A greater increase in
incidence of prostate cancer in Scotland has been attributed to
greater use of trans-urethral resection of the prostate for other
urological conditions in late 1980s and prostate-specific antigen
(PSA) testing in the early 1990s (Brewster et al, 2000). Higher
incidence has been observed among men with better socio-
economic circumstances and educational attainment (Lund Nilsen
et al, 2000). Similarly, increase in incidence of prostate cancer
among more affluent men in the late 1990s was attributed to their
greater exposure to PSA testing in England and Wales (Rowan,
2007). A recent report from the European Randomised Study of
Screening for Prostate Cancer suggested that men in the PSA-based
screening arm of the trial were significantly more likely to have
low-risk disease, and during 11 years follow-up, they were more
likely to experience significantly reduced mortality from prostate
cancer (Schroder et al, 2012). It might be expected, and hoped, that

greater use of PSA testing would identify prostate cancers at an
earlier stage than would otherwise be diagnosed symptomatically.
Thus, both temporal increases in incidence and higher rates
among more affluent populations might result in a stage shift
towards less advanced disease. The increase in prostate cancer
incidence in southeast England between 1990 and 1996 was
restricted to localised tumours only, consistent with such an
explanation (Evans and Moller, 2003). Similarly, SEER data from
the USA showed an association between the socio-economic and
educational attainment, and incidence, although an inverse
association with stage at presentation (Clegg et al, 2009). However,
in Finland, a higher rate of incidence in men from higher social
classes was found for both localised and non-localised disease,
suggesting that increased screening and diagnostic sensitivity was
unlikely to wholly explain the difference. Paradoxically, socio-
economic differentials in incidence of non-localised prostate
cancers disappeared over time, whereas differentials in localised
disease persisted (Pukkala and Weiderpass, 2002). Thus, there
remains uncertainty about the extent to which greater diagnostic
sensitivity explains increases in prostate cancer incidence overall,
or the relatively higher rate among more affluent men.

The incidence of prostate cancer continued to rise by 15% in the
10 years to 2009 in Scotland, UK (Information Services Division,
2011), making it important to understand better whether
diagnostic artefacts or true increases in potentially modifiable risk
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factors were responsible. Our aim was to describe the overall and
grade-specific temporal patterns of prostate cancer incidence by
socio-economic circumstances in the West of Scotland over a
17-year period to the most recently available data.

MATERIALS AND METHODS

The West of Scotland has a male population of 1.2 million and
comprises 4 National Health Service (NHS) Health Board areas:
Ayrshire and Arran, Forth Valley, Greater Glasgow, and Clyde and
Lanarkshire. Health care is almost exclusively provided through
the NHS primary, secondary and tertiary services, which are tax-
funded and free at the point of use. The population is racially
homogeneous, comprising 98.0% White ethnic groups (Office of
the Chief Statistician, 2004). Incident cases of prostate cancer from
the West of Scotland were extracted from the Scottish Cancer
Registry from 1991 to 2007, using the International Classification
of Diseases version 10 codes for prostate cancer. Extracted data
fields included data of birth, Gleason score of disease grade and the
2001 DEPCAT. The DEPCAT is a validated categorical version of
the Carstairs score and ranks residential postcodes from 1 (most
affluent) to 7 (most deprived), using 4 Census variables that were
found to best predict health outcomes – car ownership,
unemployment, overcrowding and lower occupational social class
(IV and V) (Carstairs and Morris, 1990). They were further
grouped into 3 conventional categories: 1 and 2 (affluent); 3–5
(intermediate); and 6 and 7 (deprived). The 2001 age and
DEPCAT-specific population estimates for the West of Scotland
were obtained from the General Registry Office for Scotland.

Statistical analysis

Age-standardised incidence rates were calculated by direct
standardisation to the European Standard Population
(Waterhouse et al, 1976) to control for differences in the age
structure of the population between deprivation groups and over
time. For the calculation of age-standardised rates, we stratified
age into groups, that is, o60 years, 60–64 years, and 5-year age
groups thereafter up to 75–79 years, with the oldest group
comprising patients aged X80 years. All rates are presented as
the European Age-Standardised Rates (EASR) per 100 000 cases,
with 95% confidence intervals (CI) where appropriate. Annual
deprivation and disease grade-specific (from 1997) incidence rates

were subsequently calculated. The rates were also calculated in
three time periods (1991–1996; 1997–2002; 2003–2007) to reduce
the effects of year-to-year random variation due to small numbers.
These periods were chosen to separate the period for which
Gleason grade was not available (before 1997) from two later
periods when it was. Data on Gleason score were available from the
cancer registry. The Scottish Cancer Registry began recording
Gleason score from 1 January 1997, and therefore, the analysis of
grade-specific incidence was restricted to 1997 onwards.

Incidence trends over time were calculated using joinpoint
regression analysis. This analysis detects the point of time at which
significant changes occurred in the age-standardised incidence
rates (Kim et al, 2000). We allowed a maximum of three join points
for estimations. Annual percentage changes and their correspond-
ing 95% CI and P-values were also calculated.

The EASR ratio was calculated by dividing the EASR of each
deprivation group with the corresponding EASR of the least-
deprived group. A crude estimation, of the number of how many
extra or fewer cases for each deprivation group, was done as the
difference between the original number of incidence cases and the
estimated number of incidence cases had each deprivation group
the EASR of the least deprived group.

Weighted ordinary least-square linear regression was used to
model EASRs for the deprivation categories. The estimated
deprivation gap and corresponding CIs were calculated using the
modelled EASR for the most deprived minus the modelled EASR
for least-deprived category (National Cancer Intelligence Network,
2011). We calculated the excess cases and deprivation gap for
overall as well as grade-specific prostate cancer incidence.

RESULTS

A total of 15 519 incident cases of prostate cancer were registered
in the West of Scotland from 1991 to 2007. Of those, 10 985 cases
were diagnosed after 1996, of which 6298 (57.3%) had low Gleason
grade, 3349 (30.5%) had high Gleason grade and 1338 (12.2%) had
unknown Gleason grades. Mean age at incidence was 72.3 years
(s.d. 9.0 years, range 26–101 years), and more than a quarter of
patients lived in the most socio-economically deprived areas. Men
in high-grade disease group were 3.34 years older at the time of
diagnosis (mean age 73.6±9.2 years) compared with men in the
low-grade disease group (mean age 70.2±8.5 years). The study
period (1991–2007) was categorised into three groups: 1991–1996,

Table 1 Baseline characteristics of prostate cancer patients registered in the West of Scotland from 1991 to 2007

Period of diagnosis

1991–1996 1997–2002 2003–2007

All patients, n % All patients, n % All patients, n % P-value

Total registered cases 4534 29.2 5506 35.5 5479 35.3

Age at incidence
Age o65 years 683 15.1 1027 18.7 1286 23.5 o0.001
Age 65–74 years 1753 38.7 2106 38.3 2209 40.3
Age X75 years 2098 46.3 2373 43.1 1984 36.2

Gleason grade
Gleason p7 — — 3033 55.1 3265 59.6 o0.001
Gleason 8–10 — — 1556 28.3 1793 32.7
Unknown Gleason — — 917 16.7 421 7.7

Socio-economic circumstances
Affluent (Depcat 1, 2) 785 17.3 1028 18.7 1110 20.3 o0.001
Intermediate (Depcat 3, 4, 5) 2465 54.4 3052 55.4 3150 57.5
Deprived (Depcat 6, 7) 1284 28.3 1426 25.9 1219 22.3

Period of diagnosis was based on incidence date recorded in cancer registry; P-values calculated by w2-test.
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1997–2002 and 2003–2007. Significant differences in demographic
and disease characteristics of patients were observed between these
periods (Table 1). Mean age at incidence fell over the study period
from 73.4 years during 1991–1996 to 71.2 years during 2003–2007
(Po0.001). Where Gleason grade was available, the proportion of
unknown grades fell from 16.7% in 1997–2002 to 7.7% in
2003–2007. There was a progressive trend towards greater
proportions of affluent patients over time.

Temporal trend analysis

The EASR of prostate cancer increased during the study period
from 44 per 100 000 cases in 1991 to 75 per 100 000 cases in 2007.
This 70% overall increase represents a mean annual growth of

3.6% (Figure 1A and Table 2). The temporal increase was greatest
at younger ages. Incidence rates increased by 200% among the
youngest men (aged o65 years) from 7 to 21 per 100 000 cases
between 1991 and 2007 – an average annual growth of 7.5% –
whereas 75% and 50% increases in EASR were observed for men of
age 65–74 years and X75 years, respectively. Both high- and low-
grade prostate cancers increased (Table 2, Figure 2A). The mean
EASR was 67 per 100 000 cases in 1997 to 2002 and increased to 81
per 100 000 cases in 2003–2007. Joinpoint analysis identified
statistically significant temporal increases in low-grade tumours of
7.9% per year (95% CI 4.3–11.5) between 1997 and 2004, and in
high-grade tumours of 7.6% per year (95% CI 2.6–12.8) between
2000 and 2007. These changes are further illustrated in Figure 2B.
The ratio of low- to high-grade tumours was about 2 for most of
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Figure 1 (A) Overall age-standardised and (B) age-specific incidence rates of prostate cancer in the West of Scotland, 1991–2007.

Table 2 Trends of prostate cancer incidence by disease grade and socio-economic circumstances from 1991 to 2007: joinpoint analysis

No. of incident cases
(min–max)

EASR rate per 106

(min–max)
Annual percentage

change (95% CI)

Overall incidence: 1991–2007
1991–1996 635–943 43.8–69.2 8.4a (3.5, 13.5)
1996–1999 815–943 59.3–63.08 –2.5 (� 19.3, 17.8)
1999–2004 900–1263 63.08–93.43 7.7a (1.9, 13.9)
2004–2007 1016–1263 75.16–93.43 –5.6 (� 13.4, 2.9)

Grade-specific overall incidence: 1997–2007
Low-grade (Gleason p7)

1997–2004 435–783 31.16–58.25 7.86a (4.3, 11.5)
2004–2007 588–783 43.72–47.80 � 4.78 (� 15.3, 7.1)

High-grade (Gleason 8–10)
1997–2000 248–251 17.57–18.37 0.5 (� 18.2, 23.4)
2000–2007 249–433 19.40–31.60 7.6a (2.6, 12.8)

Deprivation-specific overall incidence: 1991–2007
Affluent (Depcat 1 and 2) 100–250 46.35–120.13 5.28a (3.8, 6.8)
Intermediate (Depcat 3, 4 and 5) 339–736 42.42–96.76 4.05a (3.0, 5.2)
Deprived (Depcat 6 and 7) 177–277 47.70–75.85 1.33a (0.1, 2.5)

Abbreviations: EASR¼ European age-standardised rate; CIs¼ confidence intervals. aThe average annual per cent change is statistically significant from 0.
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the study period (Figure 2B). Between 2002 and 2004, there was a
slightly higher proportion of low-grade tumours, but between 2005
and 2007, there was a lower proportion of them.

Over time, the incidence of prostate cancer increased for all
socio-economic groups; however, the largest increase, with an
average annual increase of 5.3% (95% CI 3.8–6.8), was among the
most affluent group, whereas the smallest increase of 1.3% (95% CI
0.1–2.5) was observed among the most deprived group (Table 2
and Figure 3A). This socio-economic gap between incidence rates
started appearing after 1998, before which rates were similar
(Figure 3B). This can be more clearly interpreted from the ratio of
EASRs (between deprived and affluent); the incidence ratio
remained approximately 1 between 1991 and 1998, but fell
progressively to 0.5 in 2007 (Figure 3B).

The socio-economic patterns of prostate cancer incidence
are separately described for low- and high-grade disease in
Figures 4A and B, respectively. For low-grade disease, incidence
increased over time to a greater extent with increasing affluence,
creating a significant difference between socio-economic groups
(P-value¼ 0.002). For high-grade disease; however, there was no
clear difference in incidence between socio-economic groups over
time (P-value¼ 0.15).

Deprivation gap

Between 1991 and 1996, there was no significant difference in
prostate cancer incidence between affluent and deprived men
(P¼ 0.76; trend) (Table 3). From 1997 to 2002, the incidence
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Figure 2 (A) Overall grade-specific prostate cancer incidence and (B) rate ratio of grade-specific age-standardised incidence rates (low-grade (Gleason
p7) : high-grade (Gleason 8–10)) in the West of Scotland, 1997–2007.
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among the most affluent was 81.5 per 100 000 cases compared with
64.3 per 100 000 cases in the most deprived, giving a deprivation
gap as an absolute difference of 17.2 per 100 000 cases (P¼ 0.02;
trend; Table 3). This deprivation gap widened to 40.3 per 100 000
cases in the most recent period (2003–2007), because of a relatively
greater increase in incidence among the most affluent. An
estimated 353 more cases of prostate cancer per year would be
diagnosed in the West of Scotland if all socio-economic groups had
the same incidence rate as those of the most affluent during
2003–2007.

Socio-economic and disease grade-specific incidence rates
were analysed from 1997 to 2007. From 1997 to 2002, the incidence
of low-grade disease among the most affluent was 41.8 per

100 000 cases compared with 34.9 per 100 000 cases in the
most deprived, giving a deprivation gap as an absolute
difference of 6.9 per 100 000 cases (P¼ 0.07, trend; Table 4). This
deprivation gap widened in the most recent period (2003–2007),
with an incidence among the affluent men of 56.2 per 100 000 cases
compared with 45.7 per 100 000 cases in the most deprived,
a deprivation gap of 10.5 per 100 000 cases (Po0.001; trend).
An estimated 93 more cases of low-grade prostate cancer per
year would be diagnosed in the West of Scotland if the
socio-economic groups had the same incidence rate as of
affluent group during 2003–2007. We did not observe any
significant deprivation gap for high-grade tumours in either
period.
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Figure 4 (A) Low-grade (Gleason p7) disease by socio-economic status in the West of Scotland, 1991–2007; and (B) high-grade (Gleason 8–10)
disease by socio-economic status in the West of Scotland, 1991–2007.

Table 3 Deprivation gap in incidence of prostate cancer from 1991 to 2007 in the West of Scotland

Deprivation
group

Number of
incident cases

EASR per
100 000 cases 95% CIs

EASR
ratio

Estimated
excess cases

Annual excess
cases/100 000 cases

1991–1996
Affluent 785 61.44 (48.59, 74.30) 1 0 No significant difference
Intermediate 2465 51.92 (39.90, 63.93) 0.84 � 452
Deprived 1284 57.91 (39.24, 76.58) 0.94 � 78
Overall 4534 57.09 (38.46, 75.72) � 531
P-value for trend 0.76

1997–2002
Affluent 1028 81.46 (66.32, 96.59) 1 0 0
Intermediate 3052 64.66 (57.69, 71.62) 0.79 � 793 � 132
Deprived 1426 64.26 (44.55, 83.98) 0.79 � 381 � 64
Overall 5506 70.13 (49.12, 91.14) � 1174 � 196
P-value for trend 0.02

2003–2007
Affluent 1110 107.01 (72.63, 141.38) 1 0 0
Intermediate 3150 80.68 (65.28, 96.08) 0.75 � 1028 � 206
Deprived 1219 66.73 (46.35, 87.11) 0.62 � 736 � 147
Overall 5479 84.80 (61.42, 108.19) � 1764 � 353
P-value for trend o0.001

Abbreviations: EASR¼ European age-standardised rate; CIs¼ confidence intervals.
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DISCUSSION

The increase in incidence of prostate cancer in the West of Scotland
between 1991 and 2007 was not accompanied by a ‘grade shift’
towards lower-grade disease that might have suggested PSA testing
was responsible. A true increase in incidence remains a plausible
explanation. The largest increase in incidence occurred in men
under the age of 65 years. Such a pattern has been attributed to PSA
testing in England (Moore et al, 2009), but in the absence of any
evidence about age-specific use of PSA testing in our study
population, we cannot propose that this is likely. Prostate cancer
incidence increased in all socio-economic groups over time, but
low-grade disease increased more in the most affluent groups. This
produced a socio-economic gradient in incidence from 1998
onwards. Although this is consistent with greater diagnostic
sensitivity in more affluent populations, however, there was no
convincing evidence of a consistent relatively greater increase in
incidence of low-grade disease over time.

Steep increases in incidence of prostate cancer have also been
observed elsewhere (Evans and Moller, 2003; Westlake and
Cooper, 2008; Bray et al, 2010). These have been attributed to
screening of older or younger individuals by PSA testing (Collin
et al, 2008; Moore et al, 2009; Bray et al, 2010). The steep increase
in incidence of prostate cancer in our study may also be a result of
opportunistic PSA testing, which started in 1989 in Scotland
(Brewster et al, 2000). Socio-economic differences in the incidence
of prostate cancer have also been reported in the West Midlands,
England (Dutta et al, 2005). Material deprivation may affect
incidence of prostate cancer in a number of ways. The preferred
explanation by most authors is that, because prostate cancer is a
ubiquitous disease affecting the majority of men beyond middle
age (Haas et al, 2008), any factor that increases likelihood of
detection may appear to be a risk factor, when in fact it is only a
source of observation bias. Evidence that men in more affluent

circumstances are more likely to receive PSA and temporal trend
of incidence are due to differential diagnostic sensitivity between
deprivation groups remains anecdotal, however, further research is
needed to confirm this suggestion.

If the association between deprivation and prostate cancer is
truly causal, it may be due to differences in exposures to
modifiable risk factors, such as the protective effects of food
containing lycopene or the increased risks associated with diets
that are high in calcium (American Institute for Cancer Research
and World Cancer Research Fund, 2007). We are not aware of
evidence to suggest that socio-economic differentials in relevant
dietary factors have emerged during the induction periods for the
prostate cancer we report here. Finally, because of the strong
association between increasing age and prostate cancer incidence,
higher rates of competing causes of death in men from more
deprived circumstances may remove them from the at-risk period
in later life (Grundmark et al, 2010). As prostate cancer is often a
slow-growing indolent disease, such an effect may be another form
of observation bias.

A socio-economic difference in prostate cancer incidence
emerged from 1998 onwards. Prostate cancer incidence rates were
17.2 per 100 000 cases higher in affluent compared with deprived
populations in 1997–2002, and increased to 40.3 per 100 000 cases
in 2003–2007. Such differences translate into 1764 cases, or 32% of
all cases, which might have occurred, had intermediate and
deprived populations had the same incidence as the most affluent.
In the last two decades, the incidence of prostate cancer has
increased among men in higher socio-economic groups, both in
European countries as well as the United States (Liu et al, 2001;
Westlake and Cooper, 2008; Yin et al, 2010).

Our study has strengths and weaknesses. We used incidence
data from the Scottish Cancer Registry, which has a high level of
completeness and accuracy (Brewster et al, 1994, 1995; Brewster
and Stockton, 2008). The sample size was large enough to detect

Table 4 Deprivation gap in grade-specific prostate cancer incidence from 1997 to 2007 in the West of Scotland

Deprivation group
Number of

incident cases
EASR per

100 000 cases 95% CIs EASR ratio
Estimated

excess cases
Annual excess

cases/100 000 cases

Low-grade disease (Gleason p7)
1997–2002

Affluent 623 41.79 (20.57, 63.01) 1 0 No significant difference
Intermediate 1709 36.63 (26.32, 46.95) 0.88 � 241
Deprived 701 34.88 (20.19, 49.58) 0.83 � 139
Overall 3033 37.77 (22.36, 53.18) � 379
P-value for trend 0.07

2003–2007
Affluent 682 56.20 (31.19, 81.21) 1 0 0
Intermediate 1945 48.33 (36.40, 60.27) 0.86 � 317 � 63
Deprived 638 45.73 (28.81, 62.65) 0.81 � 146 � 29
Overall 3265 50.09 (32.13, 68.04) � 463 � 93
P-value for trend 0.02

High-grade disease (Gleason 8–10)
1997–2002

Affluent 258 19.30 (05.33, 33.26) 1 0 No significant difference
Intermediate 865 19.02 (11.75, 26.28) 0.99 � 13
Deprived 433 18.11 (07.75, 28.46) 0.94 � 28
Overall 1556 18.81 (08.28, 29.34) � 41
P-value for trend 0.36

2003–2007
Affluent 359 28.80 (11.29, 46.31) 1 0 No significant difference
Intermediate 1027 26.68 (17.97, 35.38) 0.93 � 82
Deprived 407 23.18 (11.35, 35.01) 0.80 � 99
Overall 1793 26.22 (13.54, 38.90) � 180
P-value for trend 0.07

Abbreviations: EASR¼ European age-standardised rate; CIs¼ confidence intervals.
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the significant differences in rates between subgroups of the
population. Individual social class data were not available, but the
Carstairs score(Carstairs and Morris, 1990) has been widely used
to describe the socio-economic patterns in cancer incidence and
survival (Shack et al, 2007; National Cancer Intelligence Network,
2011). Some recent evidence from Ireland suggests that the choice
of an aggregated index for socio-economic circumstances or
income-based deprivation measure makes no significant difference
to relative inequalities in prostate cancer incidence (Donnelly and
Gavin, 2011). As with all area-based measures of deprivation,
however, it assumes that all the individuals living in a given
geographical area experience the same level of deprivation and
associated cancer risk factors. This form of information bias, the
ecological fallacy, is inherent in area-based measures of socio-
economic circumstances, but where both individuals and area-
based measures have been available, results have been consistent
(Davey Smith et al, 1998). We observed a 9% reduction in
unknown grade disease in 2003–2007 compared with unknown
grade disease in 1997–2002. The rise in the overall incidence rate
and an absence of a consistent shift toward lower- or higher-grade
disease suggests that our findings have not been subject to
significant reporting biases. Information on tumour stage, such a
TNM, was not available, and we therefore used Gleason grade.

The present study indicates that there are large socio-economic
variations in the occurrence of prostate cancer in the West of
Scotland. It remains unclear whether the high rates of low-grade
disease among affluent men are due to greater use of PSA testing,
and if so, whether earlier detection results in better outcomes or
overdiagnosis. Previous research indicated that only 16% of
asymptomatic men detected by a screening test would
benefit from radical treatments and their disease, otherwise
they would not have compromised their life expectancy and
quality of life (Frankel et al, 2003). Early detection of prostate
cancer might not lead to radical treatment, but result in serious
psychological consequences and impact on quality of life after
diagnosis.

CONCLUSION

An increase in low grade-disease in affluent men may suggest that
PSA testing is responsible, but it does not fully explain the overall
increases in all grades of disease. Potentially modifiable risk
factors may be responsible for a true increase in prostate cancer
occurrence. Further research is needed to determine the age-
specific and socio-economic patterns of PSA testing in the UK
populations.
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