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Abstract

Background. Social differences in prostate cancer (PC) incidence and mortality might be related to testing for prostate-
specific antigen (PSA). Although routine PSA screening is not recommended in Denmark, testing without clinical indication
increased during the past decade. We evaluated associations between socio-demographic or clinical characteristics and
PSA testing without clinical indication. Material and methods. In the Danish Diet, Cancer and Health Cohort, we identified
1051 men with PC diagnosed in 1993-2008. Diagnostic and clinical characteristics were obtained from medical records,
and socio-demographic information was retrieved from administrative registers. We used general logistic regression analysis
to estimate odds ratios (ORs) and 95% confidence intervals (Cls) for associations between socio-demographic or clinical
characteristics and PSA testing without clinical indication. Cox regression analysis was used to examine associations
with mortality. Results. PSA testing without clinical indication was less likely among patients >67 years (OR 0.7;
0.5-1.0). Men who were, PSA tested without clinical indication, were more likely to have vocational training (OR 1.8;
1.1-2.9) or higher education (OR 1.5; 0.9-2.5) and less likely to have advanced disease (OR 0.6; 0.4—0.9). PSA testing
without clinical indication more often preceded therapy with curative intent (OR 1.8; 1.1-2.9) and less often palliative
treatment (OR 0.6; 0.3-1.0). Men who were PSA tested without clinical indication had non-significantly lower overall
and PC-specific mortality [hazard ratios 0.8 (0.5-1.2) and 0.6 (0.3—-1.1), respectively]. Conclusions. PSA testing without
clinical indication was associated with higher educational level. PC detected by PSA testing with no clinical indication
was more often localized and treated with curative intent.

Studies of the association between socio-economic expert groups including representatives from The

position and prostate cancer (PC) have shown a
higher incidence of PC among men with higher
socio-economic position [1-3] but poorer survival
among PC patients with lower socio-economic posi-
tion [1,3]. These differences in PC incidence and
survival by socio-economic status might be related to
differences in diagnostic activities (including attend-
ing PSA screening), clinical stage at diagnosis,
treatment modality and lifestyle factors [2-6].
Studies indicate that higher education, living with a
partner and access to health care predict use of PSA
testing [7,8]. The American Cancer Society has,
based on recommendations from multidisciplinary

American Urological Association, set guidelines
for early detection of PC and recommended, screen-
ing with PSA and digital rectal examination from
the early 1990s until recently [9,10]. A national
health survey in 2000 showed that 24% of men aged
50-54 years and 46% of those aged 70-74 years had
undergone PSA screening [8].

Currently, there is intense debate about PSA
screening because of questions due to the unresolved
balance between the benefits of screening and
the harm of diagnosing and treating men with low-
risk PC who are unlikely to benefit from treatment
[11]. The Danish Urological Society recommends
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restricting PSA testing to men with abnormal rectal
exploration, lower urinary tract symptoms or other
symptoms that might be due to PC, and to men who
have two or more first- or second-degree family
members with PC [12,13]. However, a Danish study
of patients who underwent radical prostatectomy
between 1997 and 2008 found that after exclusion
of men with a family history, 35% were asymptom-
atic at the time of the diagnosis, hereby indicating
a high prevalence of PSA testing without clinical
indication [14].

In the mid-1990s, therapy with curative intent for
PC was rarely used and the Danish Diet, Cancer
and Health (DCH) cohort, established between
December 1993 and May 1997, provides a unique
data source for evaluating the characteristics of men
who have undergone PSA testing without a clinical
indication, in a country with free, equal, tax-
supported access to health care where PSA screening
has never been recommended. We examined the
associations between socio-demographic characteris-
tics (age, education and marital status) and PSA test-
ing without clinical indication among men with PC
in the DCH cohort. We also evaluated the associa-
tions between PSA testing without clinical indication
and clinical characteristics, including stage at time of
diagnosis, tumor aggressiveness and primary treat-
ment, as well as overall and PC-specific mortality.

Material and methods

The population-based DCH cohort was originally
established to evaluate the role of diet in risk for
cancer or other chronic lifestyle diseases. The study
has been described in detail elsewhere [15]. In brief,
between December 1993 and May 1997, all 160725
people aged 50-64 years who lived in the greater
Copenhagen or Aarhus area with no history of
cancer were invited to participate. Of these, 57053
agreed to participate, of whom 27 179 were men. All
participants filled in a food frequency questionnaire
and a general questionnaire on demographic charac-
teristics, education, medical and reproductive his-
tory, and lifestyle factors. The study was approved
by the regional ethical committees on human studies
in Copenhagen and Aarhus [jr.nr.(KF)11-037/01]
and by the Danish Data Protection Agency.

Ascertainment of prostate cancer patients

The Danish Cancer Registry has recorded incident
cases of cancer on a nationwide basis since 1943
and has been shown to have accurate and almost
complete ascertainment of cancer cases [16].
Cancer diagnoses are registered according to the
International Classification of Diseases, version 10

(ICD-10), and the ICD for Oncology (ICD-0O-1
and -3) for topography and morphology codes.

By linkage of the DCH to the Cancer Registry
through 2008, we identified 1092 men registered
with a primary diagnosis of PC (ICD-10: C61) and
no previous history of cancer (except non-melanoma
skin cancer). We reviewed the medical records of
each patient to retrieve information on PSA level
at diagnosis, TNM status, Gleason score and primary
treatment. In addition, we obtained information
on the primary indication for PSA testing, i.e. lower
urinary tract symptoms or other clinical indications
for PC, or PSA testing without clinical indication.
The review covered the post-diagnostic period
until first initiated treatment, including active sur-
veillance. Information on clinical stage was not avail-
able in the medical records for 21% (n=232) of the
PC patients. For these patients, information on stage
was obtained from the Cancer Registry. Registration
of TNM stage was initiated in the Cancer Registry
in 2004 (16); previously, clinical stage was catego-
rized as ‘localized’, ‘regional’ or ‘distant’ extent of
disease. We defined ‘aggressive PC’ as T stage =T3
or PSA>10 or Gleason score =7 or N1 or M1 or
‘regional/distant’ extent of disease. ‘Non-aggressive
PC’ was defined as =T2 or Gleason score =6,
NO or Nx, MO or Mx, or ‘localized’ disease.
The remaining cases were reviewed by one of the
authors (SF) and classified on the basis of the avail-
able information.

Socio-demographic information and mortality data

By linking the personal identification numbers of
the PC patients to Statistics Denmark, we obtained
information on highest educational level (basic or
high school, vocational training and higher educa-
tion) through 1995. Information on marital status
(never married, divorced or widowed, married or
having a registered partner) at the time of PC diag-
nosis was obtained from the Civil Registration Reg-
istry. Information on overall and PC-specific
mortality through 2011 was obtained by linkage to
the Danish Causes of Death Registry.

Statistical analysis

We determined the distribution of socio-demographic
factors and clinical characteristics according to indi-
cation status for PSA testing, i.e. testing without
clinical indication, testing with clinical indication,
or unknown indication. The socio-demographic
factors analyzed were age and marital status at the
time of diagnosis and highest obtained education
up to 1995, while the clinical characteristics were
disease stage, cancer aggressiveness, primary treat-
ment, and overall and PC-specific mortality.
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For analyses of PC patients with known indica-
tion status for PSA testing and no missing socio-
demographic data (n = 883), we used general logistic
regression models to estimate crude and adjusted
odds ratios (ORs) for associations between age at
diagnosis, level of education, marital status, clinical
characteristics and PSA testing without clinical
indication. We tested for linearity of age at time of
diagnosis, with age as a continuous variable. In
the adjusted models, we included age at time of
diagnosis, education and marital status.

We used Cox proportional hazards regression
analysis to compute hazard ratios for the associations
between PSA testing without clinical indication
and overall and PC-specific mortality, with follow-up
time as the underlying time axis. The analyses were
stratified by age at diagnosis in five-year age groups
to allow for different underlying mortality rates in
each age strata and adjusted for disease stage.

The statistical analyses were performed with the
SAS statistical software package release 9.1.

Results

Medical records were retrieved for 1051 (96%) of
the 1092 patients with PC in the DCH cohort. Of
these, 170 (16%) had had a preceding PSA test
with no clinical indication, 714 (67%) had had a
preceding PSA test because of symptoms, and for
167 (16 %), clinical indication for PSA testing
was unknown (Table I). The age distribution was
similar in the three categories. Patients who had
undergone PSA testing without clinical indication
had a slightly higher educational level, with slightly
more men with vocational training (52.9% vs. 45.2%)
and fewer with basic/high school only (15.3 wvs.
22.8%). No differences in marital status were
observed between the men tested without clinical
indication and men who were PSA tested based on
clinical indication (Table I).

The prevalence of localized PC was higher among
patients who had undergone PSA testing without
clinical indication than among those with a diagnosis

Table I. Socio-demographic and clinical characteristics by PSA testing status among 1051 men with

prostate cancer in the Diet Cancer and Health Study.

PSA testing
without clinical
indication
n=170 (16%)

Characteristics

Indication for
PSA testing
unknown
n=167 (16%)

PSA testing
with clinical
indication
n=714 (68%)

Age at diagnosis (years)

Mean 67.1
Range 53.6-77.6
Education [n (%)]
Basic or high-school 26 (15)
Vocational training 90 (53)
Higher 54 (32)
Marital status [n (%)]
Married/registered partner 138 (81)
Divorced/widowed 25 (15)
Never married 6 (4)
Missing data 1)
Disease stage TNM [n (%)]
Localized 116 (68)
Advanced 34 (20)
Missing data 20 (12)
Cancer type [n (%)]
Non-aggressive 52 (31)
Aggressive 113 (66)
Missing data 5 (3)
Treatment [n (%)]
Active surveillance 29 (17)
Curative treatment 108 (64)
Surgery 72 (42)
Radiation 37 (22)
Cryotherapy 0
Missing data 61 (36)
Palliative care 29 (17)
Unknown/missing data 26 (15)
Mortality [n (%)]
Prostate cancer-specific 14 (8)

Other 16 (9)

66.5 67.5
52.0-79.6 55.5-78.2
163 (23) 44 (26)
323 (45) 72 (43)
228 (32) 51 (31)
573 (80) 132 (79)
113 (16) 29 (17)
28 (4) 6 (4)

0 0
367 (51) 79 (47)
188 (26) 42 (25)
159 (22) 46 (28)
261 (37) 36 (22)
432 (61) 96 (58)
21 (3) 35 (21)
133 (19) 22 (13)
314 (44) 61 (37)
238 (33) 34 (20)
77 (11) 25 (15)
2 (0) 1 (0)
397 (56) 107 (64)
244 (34) 52 (31)
23 (3) 32 (19)
165 (23) 32 (19)
86 (12) 24 (14)




1612 R. V. Karlsen et al.

based on clinical indication (68.2% vs. 51.4%)
(Table I). Accordingly, treatment with curative intent
was more often carried out among PC patients diag-
nosed by PSA testing without clinical indication
(63.5 vs. 44.0%). In line with these findings,
both overall and PC-specific mortality were substan-
tially lower among men who had undergone PSA
testing without clinical indication than among men
PSA tested with clinical indication (9.4% vs. 12.0%
and 8.2% vs. 23.1%, respectively) (Table I).

In a direct comparison of men PSA tested with-
out clinical indication and men tested with clinical
indication PC patients (n=883), PSA testing
without clinical indication was less likely among
older (> 67 years) than younger (= 67 years) patients
(OR, 0.7; 95% CI 0.5-1.0) (Table II). The adjusted
ORs for vocational training and higher education
compared with basic/high school education were
1.8 (95% CI 1.1-2.9) and 1.5 (95% CI 0.9-2.5),
respectively, whereas the point estimates for marital
status were close to unity.

We also found an inverse association between
PSA testing without clinical indication and advanced
disease (OR 0.6; 95% CI 0.4-0.9) (Table II).
Furthermore, curative treatment was more likely

Table II. Crude and adjusted odds ratios (ORs) with corresponding
95% confidence intervals (CI) for PSA testing without clinical
indication among men with prostate cancer in the Danish Diet
Cancer and Health Study.

Crude OR  Adjusted OR

Characteristic (95% CI) (95% CI)
Age at diagnosis (years) (n=883)

=67 Reference Reference

>67 0.7 (0.5-1.0) 0.7(0.5-1.0)*
Education (n=883)

Basic or high school Reference Reference

1.7 (1.1-2.8) 1.8 (1.1-2.9)t
1.5 (0.9-2.5) 1.5 (0.9-2.5)t

Vocational training
Higher

Marital status (n=883)
Married/registered partner
Divorced/widowed
Never married

Disease stage TNM (n = 704)
Localized
Advanced

Cancer type (n=883)
Non-aggressive
Aggressive

Treatment (n = 864)
Active surveillance
Curative treatment
Palliative care

Reference Reference
0.9 (0.6-1.5) 1.0 (0.4-2.6)%
0.9 (0.4-2.2) 1.0 (0.4-2.5)%

Reference Reference
0.6 (0.4-0.9) 0.6 (0.4-0.9)S

Reference Reference
1.3 (0.9-1.8) 1.2 (0.8-1.7)S

Reference Reference
1.6 (1.0-2.5) 1.8 (1.1-2.9)S
0.5 (0.3-0.9) 0.6 (0.3-1.0)%

CI, confidence interval; OR, odds ratio; PSA, prostate-specific
antigen.

*Adjusted for marital status and education; TAdjusted for age at
diagnosis and marital status; ¥Adjusted for age at diagnosis and
education; SAdjusted age at diagnosis, marital status and
education.

offered among patients PSA tested without clinical
indication (OR 1.8; 95% CI 1.1-2.9), and fewer of
these patients received palliative treatment only (OR
0.6; 95% CI 0.3-1.0).

Overall and PC-specific mortality were inversely
associated with PSA testing without clinical indica-
tion [hazard ratios of 0.5 (95% CI 0.4-0.8) and
0.4 (95% CI 0.2-0.7)]. After adjustment for poten-
tial confounders, however, the hazard ratios for
both overall (0.8; 95% CI 0.5-1.2) and PC-specific
(0.6; 95% CI 0.5-1.2) mortality were closer to unity.

Discussion

We found that PSA testing without clinical indication
was associated with higher educational level. PC
detected by PSA testing without clinical indication
was more often localized and treated with curative
intent, associated with non-significantly reduced
overall and PC-specific mortality. To the best of our
knowledge, no previous study has examined these
associations in a country in which all residents
have free, equal access to health care and in which
no general PC screening program has been imple-
mented. Thus, we had a unique opportunity to
investigate the use of the PSA test without clinical
indication within a well-defined, predominately
PSA-naive population.

The proportion of men PSA tested without clin-
ical indication in our study (16.2%) was lower
than in other studies [7,8], primarily because of the
conservative Danish policy regarding PSA testing.
Furthermore, although we performed a detailed
medical record review, we were unable to obtain
complete information on PSA testing in the general
practitioner setting. Thus, the prevalence of PSA
testing without clinical indication in our study is
probably underestimated. The proportion of men
PSA tested without clinical indication, who under-
went surgery with curative intent in our study,
was nevertheless close to that reported in a previous
Danish study (42% vs. 35%) [14].

It has been reported that the proportion of
men who participate in PSA screening increases with
age, with the highest participation rate among
men aged 60-79 years [7,8]. Although more than
90% of the men PSA tested without clinical indica-
tion in our study were over 60 years, such testing
was less likely among men over 67 years, indicating
a somewhat different relationship between age and
PSA testing without clinical indication in our study
than in others.

Our finding, that men who underwent PSA
testing without clinical indication had a higher edu-
cational level is compatible with other reports
[4,5,17]. Marital status was, however, unrelated to
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PSA testing without clinical indication, perhaps
because of the composition of the DCH cohort, in
which most men were married or cohabiting [15].
Our finding with regard to educational level probably
reflects greater health literacy and health-oriented
behavior [18]. This finding should be interpreted in
the context of the increased proportion of PSA tests
that are performed in general practice in Denmark,
which increased from 39% to 66% out of the total
PSA tests performed between 1996 and 2008 [19].
A substantial part of these tests were consecutive
among men with previously normal tests, clearly
indicating that PSA testing without clinical indica-
tion is carried out to some extent in general practice,
despite the recommendations against [19]. It is
unknown whether the increase in PSA testing with-
out clinical indication is due to recommendations by
general practitioners or to more patient requests.

We found that localized PC was more prevalent
among men who underwent PSA testing without
clinical indication and also that PC detected by
such testing was more often managed by curative
intended therapy and these findings are consistent
with other studies [4,5]. Decisions about treatment
are also influenced by information on treatment
options, physicians’ recommendations and patients’
preferences, which may be influenced by educa-
tional level and patients’ perceptions of the risks and
benefits of treatment options [20,21].

Randomized trials indicate that PSA screening
reduces mortality from PC, but the results are equiv-
ocal [22,23]. The mortality reduction associated with
PSA screening is modest, and screening has been
associated with substantial overdiagnosis, which may
lead to unnecessary treatment [9,24]. Observational
studies indicate that the social inequality in survival
may be related to a difference in the use of PSA
testing among men with high versus low socio-
economic status. In our study, higher educational
level was associated with more PSA testing without
clinical indication and modestly reduced statistically
non-significant risks for overall and PC-specific mor-
tality which might be attributable to lead-time bias
for which we could not adjust. Estimates from the
European Randomized Study on Prostate Cancer
Screening [25] indicate that the lead-time may be
= 8 years. PSA testing without clinical indication per
se may therefore not reduce PC-specific mortality
but instead be an indicator of greater use of the
healthcare system, mediated by a higher educational
level and other socio-demographic factors. The
tendency to lower clinical stages and better survival
found in men having PSA testing without clinical
indication might reflect lead-time bias. On the other
hand PSA testing without clinical indication was
associated with aggressiveness of tumor. Stage is

based on TNM, whereas aggressiveness also includes
Gleason score and PSA level at diagnosis. Thus it
seems like PSA testing without clinical indication
lead to diagnosis of more early stage tumors but also
to diagnosis of more aggressive tumors.

The strengths of this study include the use of a
population-based cohort of men included in a time-
period when Denmark was a primarily PSA-naive
country, the continuously updated and complete
nationwide registries, and the detailed medical record
review. Using these comprehensive data sources,
we obtained detailed information on diagnosis and
treatment, education and marital status as well as
cause of death.

Our study had a number of limitations. The cat-
egorization according to PSA testing status might
have been subject to misclassification, as the medical
records did not provide complete information on
diagnostic activities in the primary healthcare sector
and we were unable to determine screening status on
a substantial group of 167 men. This may have led
to an underestimation of the proportion of PC
cases detected by PSA testing without clinical indica-
tion. The risk stratification of the cancer cases used
in the present study reflects clinical practice in
Denmark and the information on clinical stage and
tumor characteristics were collected from different
sources, as cases where no information on TNM was
available from medical records were categorized
based on the Danish Cancer Registry. This registry
generally has a high degree of completeness in regard
to incident cancer cases, but no studies have assessed
the correlation between clinical information and
register data on prostate cancer stage. Any misclas-
sification must be considered non-differential and
unlikely to influence the results. Also, we did not
control for family history of PC or for lifestyle or
environmental factors that might increase awareness
of PC and of the PSA test. Further, although men
who were invited to participate in the DCH study
were a random sample of the Danish population,
the participants constituted only one third of the
invited population and probably differ from the gen-
eral population [15,26] in terms of health conscious-
ness and use of the healthcare system. This might
have resulted in a higher proportion of men being
PSA tested without clinical indication compared to
the general population. However, we have no reason
to believe that the positive association between edu-
cation and PSA testing without clinical indication
found in this study, would not be present in the
general population, although the association might
be weaker. Thus, our results should be interpreted
cautiously with regard to the relation between socio-
economic level and use of PSA testing without
clinical indication in the general population.
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Although PSA screening is not recommended in
Denmark, our findings indicate that there is a con-
siderable PSA testing without clinical indication,
which is related to socio-economic parameters, nota-
bly education. It remains unclear whether the deci-
sion to perform PSA testing without indication is
initiated by patients or by general practitioners, and
further studies are warranted to clarify the use of
PSA testing without clinical indication in Denmark.
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