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ABSTRACT ARTICLE HISTORY

Background: Organized PSA testing for asymptomatic men aged 50-74 years will be implemented in Received 29 April 2020

Sweden to reduce opportunistic testing in groups who will not benefit. The aim of this study was to Revised 10 June 2020

describe the opportunistic PSA testing patterns in a Swedish region before the implementation of  Accepted 5 July 2020

organized PSA testing programs.

Method: We included all men in the Uppsala-Orebro health care region of Sweden who were PSA PSA: organized PS ..
; organize A testing;

tested bgtweeq 1 July 2012 aqd 30 Ju.ne 2014' Information regarding prgVIous PSA te;tlng, prostate screening; prostate cancer;

cancer diagnosis, socioeconomic situation, surgical procedures and prescribed medications were col- Uppsala—Orebro PSA cohort

lected from population-wide registries to create the Uppsala—Orebro PSA cohort (UPSAC). The cohort

was divided into repeat and single PSA testers. The background population used for comparison con-

sisted of men 40years or older, living in the Uppsala-Orebro region during this time period.

Results: Of the adult male population in the region, 18.1% had undergone PSA testing. Among men

over 85years old 21% where PSA tested. In our cohort, 62.1% were repeat PSA testers. Of men with a

PSA level <1ug/l 53.8% had undergone repeat testing. Prostate cancer was found in 2.7% and 4.8% of

the repeat and single testers, respectively.

Conclusion: Every fifth man in the male background population was PSA tested. Repeated PSA testing

was common despite low PSA values. As repeated PSA testing was common, especially among older

men who will not be included in organized testing, special measures to change the testing patterns in

this group may be required.
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Introduction harm. However, in an attempt to reduce the opportunistic
PSA testing organized PSA testing is now being imple-
mented in parts of Sweden [9]. The results of such a pro-
gram will be affected by current PSA testing patterns in
Sweden, which are only partly known.

The aim of this study is to describe the opportunistic PSA
testing patterns in a large Swedish cohort with regard to fre-
quency, socioeconomic factors, comorbidity and age before
the implementation of organized PSA testing programs.

Screening for prostate cancer (PCa) with prostate-specific
antigen (PSA) testing has been extensively debated but
remains controversial. Using PSA testing to screen for PCa
offers a modest survival benefit but it comes at the cost of
over-diagnosis and over-treatment [1-3]. Nevertheless,
opportunistic PSA testing is increasing in many countries
[4-7]. In Sweden, where there is no organized screening pro-
gram for PCa, PSA testing in the Stockholm region has
increased dramatically from 2003 to 2011 and is apparent
also in older men [8]. Method

Organized PSA screening has only been implemented in a
small number of countries. In Sweden, the National Board of
Health and Welfare decided against organized PSA screening The basis for this study was the newly created
due to a lack of evidence that the benefits outweigh the Uppsala-Orebro PSA Cohort (UPSAC) which includes men

Uppsala—brebro PSA Cohort
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living in the Uppsala-Orebro health care region, that has had
at least one PSA test taken between 2005 and 2014.
Additional information on the men in UPSAC was added by
linking the cohort to a number of Swedish registries; the
National Prostate Cancer Registry (NPCR) and the Cancer
Registry for data regarding cancer diagnosis and cancer char-
acteristics (including International Society of Urological
Pathology (ISUP) grade groups [10]), the Prescribed Drug
Register and the National Patient Register for information on
prescribed medications, comorbidity and surgical procedures,
the Longitudinal Integration Database for Health Insurance
and Labour Market Studies (Swedish acronym LISA) for socio-
economic data as well as the Register of the Total
Population and The Cause of Death Register
(Supplementary text).

Study design

In this study, all men in UPPSAC who had a PSA test regis-
tered at the clinical chemistry laboratories in the
Uppsala-Orebro health care region in Sweden during a two-
year period, between 1 July 2012 and 30 June 2014, were
included. The first PSA test during this period was chosen as
the index PSA. Data on PSA testing between 2005 and 2014
(from 2005 to 2014 for Uppsala county, Gavleborg county
and Varmland county and from 2007 to 2014 for Orebro
county) was collected. Since data were available only from
2007 in Orebro county, a sensitivity analysis was performed
were men from the Orebro county were excluded. The study
population was divided into repeat testers and single testers.
Men were considered to be single testers if they had not
taken a PSA test for at least six years prior to the index PSA.
Age for the men included in the study was defined as age at
the time of the index PSA test.

All men that had relocated to outside the region were
excluded as well as men who had been diagnosed with pros-
tate cancer more than 28days prior to the index PSA test.
LUTS was considered to be present in men who had been
prescribed medications or had undergone surgical proce-
dures that would indicate LUTS within one year before and
after the index PSA (Supplementary text).

Educational level of the population is reported annually
from all Swedish schools. Highest education achieved is cate-
gorized into seven levels according to the Swedish
Educational Nomenclature (SUN2000). In this study, these
levels have been transcribed and categorized as short
(0-9years of education), medium length (9-12years of edu-
cation) and long (> 12years of education) education.

From data retrieved from the National Patient Registry
and the Cancer Registry, Charlson Comorbidity Index (CCl)
[11] was calculated to gain information on concomitant dis-
ease burden and men included in the study were divided
into four categories based on their comorbidity index: CCl 0,
CCl 1, CCl 2 and CCl 3+.

Data regarding the male background population in the
Uppsala-Orebro region was retrieved from Statistics Sweden.
When comparing the study population with the general
population, only men aged 40years or older in the general
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population were included to better match the age distribu-
tion in the study population.

Linking of registers and creation of dataset was done
using SAS software (SAS Institute, Cary, NC, USA). All analyses
were made using R Open Source Edition version 3.3.3. The
regional research ethics board at Uppsala University
approved the study [#2014/552].

Results
Study group characteristics

A total of 55,685 PSA tested men were included in the study
among whom 37.9% were single testers and 62.1% were
repeat testers (Table 1). The median age was 66.0 years for
all men in the study, 62.2years among single testers and
68.4 among repeat testers. Married men made up 56.3% and
64.8% of single and repeat testers, respectively. Among

Table 1. Characteristics of a cohort of 55,685 men with a PSA test registered
at the clinical chemistry laboratories in the Uppsala-Orebro health care region,
Sweden, between 1 July 2012 and 30 June 2014.

Single testers Repeat testers All men
n (%) n (%) n (%)
No. of men 21,114 (100.0) 34,571 (100.0) 55,685 (100.0)
Age 62.2 (13.3) 68.4 (9.7) 66 (11.6)
Age group
<49 3557 (16.8) 1087 (3.1) 4644 (8.3)
50-59 4946 (23.4) 4694 (13.6) 9640 (17.3)
60-69 6598 (31.2) 13,266 (38.4) 19,864 (35.7)
70-74 2328 (11.0) 6610 (19.1) 8938 (16.1)
75-84 2732 (12.9) 7276 (21.0) 10,008 (18.0)
>85 953 (4.5) 1638 (4.7) 2591 (4.7)
Educational level
Low 6006 (28.4) 11,088 (32.1) 17,094 (30.7)
Medium 9629 (45.6) 14,740 (42.6) 24,369 (43.8)
High 5318 (25.2) 8572 (24.8) 13,890 (24.9)
Missing 161 (0.8) 171 (0.5) 332 (0.6)
Marital status
Married 11,885 (56.3) 22,413 (64.8) 34,298 (61.6)
Not married 9229 (43.7) 12,158 (35.2) 21,387 (38.4)
PSA level
<1 9313 (44.1) 10,856 (31.4) 20,169 (36.2)
>1-<3 6727 (31.9) 12,267 (35.5) 18,994 (34.1)
>3-<10 3709 (17.6) 9574 (27.7) 13,283 (23.9)
>10-<20 648 (3.1) 1279 (3.7) 1927 (3.5)
>20-<50 354 (1.7) 432 (1.2) 786 (1.4)
>50-<100 126 (0.6) 2 (0.3) 218 (0.4)
>100 237 (1.1) 1(0.2) 308 (0.6)
LUTS
Yes 3920 (18.6) 11,807 (34.2) 15,727 (28.2)
No 17,194 (81.4) 22,764 (65.8) 39,958 (71.8)
ca
0 16,776 (79.5) 25,807 (74.6) 42,583 (76.5)
1 2286 (10.8) 4665 (13.5) 6951 (12.5)
2 1204 (5.7) 2423 (7.0) 3627 (6.5)
3+ 848 (4.0) 1676 (4.8) 2 524 (4.5)
PCa within 1yr
Yes 1008 (4.8) 941 (2.7) 1949 (3.5)
No 20,106 (95.2) 33,630 (97.3) 53,736 (96.5)
ISUP grade group
1 223 (22.1) 328 (34.9) 551 (28.3)
2 202 (20.0) 202 (21.5) 404 (20.7)
3 122 (12.1) 89 (9.5) 211 (10.8)
4 130 (12.9) 108 (11.5) 238 (12.2)
5 235 (23.3) 143 (15.2) 378 (19.4)
Missing 96 (9.5) 71 (7.5) 167 (8.6)

CCl: Charlson Comorbidity Index; PCa: Prostate cancer; LUTS: lower urinary
tract symptoms; ISUP: International Society of Urological Pathology.
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single testers, 18.9% had LUTS as compared to 34.2% among
repeat testers.

Within one year of the index PSA test, 3.5% of the cohort
were diagnosed with prostate cancer: 4.8% and 2.7% of the
single and repeat testers, respectively. Single testers had a
higher incidence of ISUP grade group 5 cancers compared to
repeat testers (Table 1).

Comparison with background population

There were 307,633 men 40years old or older, available for
PSA testing in the included regions during the chosen time
period. The 55,685 men included in the study comprised
18.1% of these men. The largest proportion of PSA tested
men were among 70-74-year-old men of which 30.6% were
PSA tested within the study period. Among the oldest men
in the population (85years old or older), 21.0% had a PSA
test taken during the study period (Figure 1). In the study
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70000 -
60000
50000

40000

Number of men

30000

20000

10000 i
0

<49 50-59 60-69 70-74 75-84 >85
Age
Figure 1. Proportion of men PSA tested between 1 July 2012 and 30 June

2014 in the general population in the Uppsala—Orebro health care region
of Sweden.

population, 30.7%, 43.8% and 24.9% had a short, medium
length and long education, respectively, as compared to the
background population where 26.2%, 47.4% and 25.5% had
a short, medium length and long education.

PSA testing patterns

Among repeat testers, 29.7% had an index PSA level <1 ng/I
and 5.6% had a PSA that was >10pug/l (Table 2). Among
repeat testers with PSA <1pg/l, 74.8% had undergone 1-3
previous PSA. The proportion of repeat testers having under-
gone four or more previous PSA tests increased with increas-
ing index PSA level; 25.2%, 33.7%, 52.8% and 62.5% of men
with PSA <1 png/l, 1-2.9 ng/l, 3-9.9 ug/l and >10pg/l, respect-
ively. Among repeat testers, men with higher levels of PSA
were older than men with lower levels of PSA; median age
for repeat testers with PSA <1pg/l was 64.9years and
75.8years for men with PSA >10ug/l. Repeat testers with
higher PSA levels were more likely to have LUTS: 23.8% of
the men with a PSA level <1pg/l and 51.6% of the men
with PSA >10pg/l had LUTS. Higher CCl was more common
among men with higher PSA levels; 4.9% of repeat testers
with PSA <1ng/l had CCl 3+ and 8.4% of repeat testers with
PSA >10pg/l had CCI3+. Previous PSA testing was common
in all age groups (Table 3).

Sensitivity analysis

Since data from Orebro region was available only from the
year 2007, a sensitivity analysis was performed, where the
men from the Orebro region were excluded. A total number
of 12,215 men included in our study were living in the
Orebro region. Out of these men, 5508 men had only
5.5years where their PSA testing was known. When the
Orebro men were excluded from the study, the results did
not change significantly (data not shown).

Table 2. Number of previous PSA tests, median number of previous PSA tests (range within parenthesis), prevalence of LUTS and CCl among repeat PSA testers
in a cohort of 55,685 men who were PSA tested in the Uppsala-Orebro health care region between 1 July 2012 and 30 June 2014.

All repeat testers PSA <1 pg/L PSA 1-2.9 pg/L PSA 3-9.9 ng/L PSA > 10 pg/L
n (%) n (%) n (%) n (%) n (%)
No. of men 34,571 (100.0) 10,259 (100.0) 13,051 (100.0) 9313 (100.0) 1948 (100.0)
Age 68.4 (9.7) 64.9 (10.4) 68.2 (9.0) 71 (8.2) 75.8 (9.0)
No. of previous PSA tests
1 9082 (26.3) 3607 (35.2) 3646 (27.9) 1536 (16.5) 293 (15.0)
2-3 12,376 (35.8) 4065 (39.6) 5010 (38.4) 2864 (30.8) 437 (22.4)
4-5 6683 (19.3) 1664 (16.2) 2554 (19.6) 2056 (22.1) 409 (21.0)
6-10 5672 (16.4) 872 (8.5) 1705 (13.1) 2473 (26.6) 622 (31.9)
11-15 695 (2.0) 7 (0.5) 127 (1.0) 356 (3.8) 165 (8.5)
16-20 8 (0.2) 4 (0.0 7 (0.1) 26 (0.3) 21 (1.1)
>20 5 (0.0) 0 (0.0) 2 (0.0) 2 (0.0) 1(0.1)
Median no. of previous tests 3 (1-28) 2 (1-19) 2 (1-27) 4 (1-28) 5(1-22)
LUTS
Yes 11,807 (34.2) 2442 (23.8) 4245 (32.5) 4115 (44.2) 1005 (51.6)
No 22,764 (65.8) 7817 (76.2) 8806 (67.5) 5198 (55.8) 943 (48.4)
ca
0 25,807 (74.6) 7749 (75.5) 9882 (75.7) 6922 (74.3) 1254 (64.4)
1 4665 (13.5) 1320 (12.9) 1715 (13.1) 1300 (14.0) 330 (16.9)
2 2423 (7.0) 686 (6.7) 845 (6.5) 692 (7.4) 200 (10.3)
3+ 1676 (4.8) 504 (4.9) 609 (4.7) 399 (4.3) 164 (8.4)

LUTS: lower urinary tract symptoms; CCl: Charlson comorbidity index.
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Table 3. Number of previous PSA tests in different age groups in a cohort of 55,685 men who were PSA tested in the Uppsala—Orebro health care region

between 1 July 2012 and 30 June 2014.

Number of previous PSA tests

No. of men 0 1 2-3 4-5 6-10 >10
Age group n (%) n (%) n (%) n (%) n (%) n (%) n (%)
<49 4644 (100) 3453 (74.4) 723 (15.6) 348 (7.5) 94 (2.0) 25 (0.5) 1(0.0)
50-59 9640 (100) 4594 (47.7) 2270 (23.5) 1790 (18.6) 597 (6.2) 360 (3.7) 29 (0.3)
60-69 19,864 (100) 5703 (28.7) 4238 (21.3) 5078 (25.6) 2583 (13.0) 1988 (10.0) 274 (1.4)
70-74 8938 (100) 1966 (22.0) 1598 (17.9) 2448 (27.4) 1428 (16.0) 1304 (14.6) 194 (2.2)
75-84 10,008 (100) 2247 (22.5) 1704 (17.0) 2486 (24.8) 1693 (16.9) 1662 (16.6) 216 (2.2)
>85 2591 (100) 785 (30.3) 475 (18.3) 630 (24.3) 324 (12.5) 333 (12.9) 44 (1.7)
Discussion Proportion repeat testers and single testers

In this population-based study, less than a fifth of the male
population over the age of 40 had undergone PSA testing,
but the proportion of PSA tested men varied between age
groups with PSA testing being more common among older
men. Of the men included in the study, a majority had
undergone repeat PSA testing. Repeat PSA testing was com-
mon even among men with a PSA level of 1ug/l or less.
Marital status but not educational level affected the PSA test-
ing patterns. Single testers had a higher incidence of pros-
tate cancer and were more often diagnosed with high-
risk cancers.

PSA testing patterns

Of the available male population, 18.1% had undergone PSA
testing during the study period. The proportion of PSA
tested men was largest among men over 60 years of age and
particularly among men over 70years of age, where approxi-
mately 30% of the men had undergone PSA testing. Notably,
PSA testing was common even among the oldest men; over
20% of men over 85years had been PSA tested during the
study period. Previous studies on the prevalence of PSA test-
ing have shown varying results. A British study estimated the
overall annual rate of testing to be 6% [5] and an Italian
study showed that 34% of the male population aged over
50years had undergone PSA testing at least once during a
two-year period [12]. A Swedish study on the PSA testing
patterns of the Stockholm region showed that approximately
40-60% of all men aged 50-69years had at least one PSA
test during a five-year period [8]. PSA testing patterns have
previously been shown to vary across different regions of
Sweden [13]. Nonetheless, our results indicate a relatively
low prevalence of PSA tested men in a large health care
region which will most likely impact the results of an organ-
ized PSA testing program. It is plausible that the implemen-
tation of such a program will increase the number of men
undergoing PSA testing. If so, a large proportion of men in
the organized PSA testing programs will be men that are not
previously PSA tested or not PSA tested in many years which
might lead to a considerable increase in the detection of
prostate cancers.

A majority of the study group were repeat testers (62.1%)
and repeat PSA testing was common in spite of low PSA lev-
els. Multiple, frequent testing in men with low PSA levels is
incoherent with national guidelines, and in this case, organ-
ized PSA testing might lead to reduced over-testing. More
than 20% of the study group were 75years old or older. A
large proportion of the older men in the study group had
undergone multiple PSA testing; over 70% of men aged
75years or older in the study group were repeat testers.
There is limited evidence that PSA testing older men without
symptoms of prostate cancer affects prostate cancer morbid-
ity or prostate cancer mortality [14]. Organized PSA testing
will not include these men and their testing patterns may
therefore not change unless an organized PSA testing pro-
gram leads to increased awareness among health professio-
nals and in the general population.

Socioeconomic factors affecting PSA testing

Being married was more common among repeat testers than
among single testers (64.8% vs 56.3%). Other studies have
shown that being married increases the likelihood of partici-
pating in cancer screening programs [15,16]. In a Swedish
study, it was shown that married men had a lower risk of
being diagnosed with advanced prostate cancer and a higher
chance for health checkup as a reason for prostate cancer
investigation than unmarried men [17]. These results indicate
that married men are more prone to partake in the prevent-
ive examination, such as PSA testing. It is not known if the
implementation of an organized PSA testing program for
prostate cancer can affect such inequalities.

Previous studies have shown that educational level corre-
sponds to the level of diagnostic activity, treatment choice
and outcome in prostate cancer as well as in other forms of
cancer [18-20]. Men with a longer education have been
shown to be more likely to undergo PSA testing and as a
corollary had higher incidence rates of localized cancer [21].
In our study, no large differences could be seen in educa-
tional level when comparing single testers with repeat test-
ers as well as when comparing the study group with the
background population. Tomic et al. have shown that
Swedish men with higher income are more often diagnosed
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with prostate cancer as a result of a health checkup com-
pared to men with a lower income [17]. The same connec-
tion could not be shown for educational level which can to
some extent correspond with the results of our study. This
indicates that other aspects than educational level needs to
be taken into consideration regarding health care seeking
behavior to fully understand how socioeconomic factors
influence PSA testing patterns in Sweden.

Prostate cancer and PSA testing

Being diagnosed with prostate cancer within one year of the
index PSA was more common among single testers than
among repeat testers. Single testers were also more often
diagnosed with a prostate cancer of higher ISUP grade
group. It is possible that single testers seek health care not
primarily for PSA testing but for other symptoms such as
skeletal pain or fatigue and a PSA test is taken, leading to
the detection of a more advanced prostate cancer. The
higher proportion of prostate cancer among single testers
may also, at least in part, be due to the fact that men with
prevalent prostate cancer were excluded from the study.

Strengths and limitations

The main strengths of this study include the large number of
men in the study and that there is virtually no loss to follow
up. Information on the men included in the study was col-
lected from multiple Swedish registries, which are all of high
quality and near-complete coverage. The regions included in
the study consist of both smaller communities and larger cit-
ies with university hospital care, which should give a fair rep-
resentation of the Swedish ‘PSA population’.

Limitations include the lack of data regarding PSA testing
before 2005 (2007 for the Orebro region), possibly leading to
a misclassification of repeat testers as single testers. Another
limitation relates to the definition of LUTS, as the use of sur-
gical procedures and prescribed medications, inevitably will
cause some misclassification.

Conclusion

This study shows that less than 20% of the male population
in the Uppsala—Orebro health care region underwent PSA
testing between 2012 and 2014, although the proportion
was higher among older men. Repeat testing was more com-
mon than single testing and repeat PSA testing was common
also in men with low PSA levels. Our results suggest that
implementation of organized PSA testing could help opti-
mize the use of health care system resources but special
efforts may be required to address the testing patterns
among older men that are not targeted by organized test-
ing programs.
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