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ABSTRACT
Background: Evaluation of regional variation of prostate cancer (PCa) incidence and PCa-specific mor-
tality is essential in the assessment of equity in a national healthcare system. We evaluated PCa inci-
dence and PCa-specific mortality between different municipalities and hospital districts in Finland
over 1985–2019.
Material and Methods: Men diagnosed with PCa in Finland from 1985 through 2019 were retrieved
from Finnish Cancer Registry. Age-standardized PCa incidence and mortality rates were estimated by
municipality and hospital district as well as municipality urbanization, education, and income level
using hierarchical Bayesian modeling. Standard deviations (SD) of the regional rates were compared
between periods from 1985–1989 to 2015–2019.
Results: We identified 123,185 men diagnosed with any stage PCa between 1985 and 2019. SD of PCa
incidence rate (per 100,000 person-years) showed that the total variation of PCa incidence between
different municipalities was substantial and varied over time: from 22.2 (95% CI, 17.1–27.8) in
1985–1989 to 56.5 (95% CI, 49.8–64.5) in 2000–2004. The SD of PCa mortality rate between all munici-
palities was from 9.0 (95% CI, 6.6–11.8) in 2005–2009 to 2.4 (95% CI, 0.9–4.8) in 2015–2019. There was
a trend toward a lower PCa-specific mortality rate in municipalities with higher education level.
Discussion: Regional variation in the incidence rate of PCa became more evident after initiation of
PSA testing in Finland, which indicates that early diagnostic practice (PSA testing) of PCa has been dif-
ferent in different parts of the country. Variation in the national PCa mortality rate was indeed recog-
nizable, however, this variation diminished at the same time as the mortality rate declined in Finland.
It seems that after the initiation period of PSA testing, PSA has equalized PCa mortality outcomes
in Finland.

ARTICLE HISTORY
Received 15 February 2022
Accepted 9 August 2022

KEYWORDS
Prostate cancer incidence;
prostate cancer mortality;
regional variation;
population-based study

Introduction

Worldwide, prostate cancer (PCa) is the second most diag-
nosed invasive cancer and the fifth leading cause of cancer
deaths in men [1]. Older age, race, and family history of the
disease are the only well-established risk factors for PCa [2].
The incidence of PCa has increased in the western countries,
including Scandinavia, starting before the era of PSA testing
[3]. In Finland, continuously increasing incidences of PCa
were seen from 1953 to the early 1990s [4]. Since the early
1990s at the onset of PSA testing, the incidence of PCa
increased rapidly reaching its maximum at around 2005 and
thereafter leveling off [4]. The PCa mortality rates also
increased steadily until 1995, after which the mortality rate
has declined about 40% [5].

The Finnish healthcare system is highly decentralized as
the provision of health services is the responsibility of munic-
ipalities [6]. Municipalities organize primary care as obligated
by the primary Health Care Act of 1972. Specialized care is

provided by 20 hospital districts, funded by their member
municipalities, and an autonomous region of Åland. Each
hospital district runs a central hospital, and some also affili-
ated community hospitals. Five hospital districts are univer-
sity hospitals, which provide highly specialized care also for
non-university central hospital districts. The country is div-
ided into five university hospital districts as every other hos-
pital district in Finland is part of five specific university
hospital catchment areas, however, Åland islands is not a
true member of any university hospital region. Organized
PSA screening as part of in The Finnish Prostate Cancer
Screening trial, [7] was started in Tampere and Helsinki
metropolitan area in 1996, when PSA testing was uncommon
even in these largest urban areas of Finland [8]. In the fol-
lowing 12 years, opportunistic PSA screening became com-
mon in Finland [8]. In this European largest PCa screening
trial only 1.4% (0.7% in the control arm and 0.7% in the
intervention arm) of men had PSA test before the trial, while
by the first 4, 8, and 12 years of follow-up 18.1%, 47.7%, and
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62.7% of men in the control arm had undergone PSA testing
at least once and in the screening arm the proportions were
69.8%, 81.1%, and 85.2%, respectively [8]. PSA testing is
available to Finnish citizens in public healthcare centers, but
especially in recent decades more in occupational healthcare
units. Finnish occupational health service has two simultan-
eous roles: mandatory preventive functions and voluntary
primary care (curative) functions, both arranged by the same
service provider. Occupational health service primary care is
a parallel service to public and private care and employed
patients can use all sectors [6]. Furthermore, as PSA screen-
ing is not endorsed in national PCa guidelines [9], probably
most of the opportunistic PSA screening happens in private
healthcare services. For reference in Finland in 2012, �25%
of primary healthcare contacts were provided by the private
sector [10]. However, it is difficult to find data about PSA
testing in the private healthcare sector [8]. Moreover, the
variation of ad-hoc PSA screening between different regions
of the country is not known. It has been proposed that the
population residing in urban areas were/are screened more
actively and receive more often curative treatments for
PCa [11].

Recently, Sepp€a et al. reported that there is a markable
variation in PCa survival between hospital districts, probably
caused by differences in the early diagnosis of PCa [12].
However, the total variation of relative survival was smaller
in cervical cancer and in breast cancer than it was with PCa
[12]. Of note, both cancers are under organized cancer
screening in Finland, cervical cancer from the early 1960s,
and breast cancer from the late 1980s [13]. This study aimed
to investigate the possible regional variation, impact of
urbanization, municipality education level and municipality
income level in the association of PCa incidence, PCa-specific
mortality, and to compare trends of variation between 5-year
time periods from 1985 through 2019.

Material and methods

The nationwide population-based Finnish Cancer Registry
collects information on the annual incidence of cancer from
hospitals, outpatient clinics, and healthcare facilities and sep-
arately from histopathological laboratories in Finland. The
registry has an estimated coverage of 99% for male genital
cancers [14]. The PCa stage classification data for all PCa
cases covered by the Finnish cancer registry were retrieved
in the current study. The Finnish Cancer Registry data can be
linked with the population register center database for date
of death or emigration and causes of death and education
levels from Statistics Finland. The linkage was done with a
personal social security number. We identified all patients
diagnosed with PCa from 1 January 1985 until 31 December
2019 from Finnish Cancer Registry. This data was linked to
cause of death data from Statistics Finland to obtain informa-
tion on deaths caused by PCa. PCa incidence and mortality
were analyzed between 311 municipalities and 21 hospital
districts (including Åland) that existed in Finland in 2019.
Patient’s municipality was based on the place of residence at

the beginning of the year of cancer diagnosis and of death
in incidence and mortality, respectively.

The incidence of PCa and PCa-specific mortality were also
analyzed by the urbanization level (rural–semi-urban–urban)
of the municipalities that was defined according to the pro-
portion of people living in urban settlements and the popu-
lation of the largest urban settlement [15]. The association of
education level and income level of municipalities to PCa
incidence and mortality was also assessed by dividing munic-
ipalities into three categories based on the proportion of
population with basic education and the median of house-
hold’s disposable money income per consumption unit,
respectively, such that the population count in each category
is close to one third of the total population. The municipal-
ities were categorized according to their characteristics
in 2019.

The study protocol was approved by the institutional
review board of the Hospital District of Southwest Finland.
The National Institute for Health and Welfare (Finland)
approved access to the registry data (Study number THL/
1340/5.05.00/2019). Statistics Finland approved access to the
data on the cause of death (study number TK-53-86-17).

Statistical analysis

Age-specific PCa incidence and mortality rates in the popula-
tion of Finland were modeled by using a Bayesian hierarch-
ical Poisson regression. The rates were allowed to vary
between districts (20 hospital districts and Åland) and
between municipalities. Variation between hospital districts
was modeled by a normal distribution and variation
between municipalities by a BYM (Besag, York, and Molli�e)
model, which includes both spatially structured effects and
unstructured normally distributed effects [16]. Based on the
model, we estimated age-standardized PCa incidence and
mortality rates for each district and municipality where the
age structure of male population in Finland in 2015–2019
was used as a standard. In addition, we report standard
deviations (SD) of the regional rates to quantify the amount
of variation (i) between and (ii) within districts and (iii) total
variation between municipalities, and the proportion of vari-
ation within districts out of the total variation between
municipalities. The SD was measured both on the absolute
scale of age-standardized rates and on the relative (logarith-
mic) scale where the latter is used to compare variation
between periods or between incidence and mortality, when
the absolute level of rate differs. We also fitted alternative
models, which also included multiplicative effects of the
level of urbanization, income, and education of municipal-
ities, and report their age adjusted rate ratios and the SD of
the regional rates adjusted for both age structure the muni-
cipality characteristics. The models were fitted separately in
5-years periods from 1985–1989 to 2015–2019. The Bayesian
inference was performed by using the R package R-INLA
(ver. 21.02.23) that uses the efficient INLA (integrated nested
Laplace approximation) approach in the posterior estimation
[16]. The details of the statistical analysis are described in
the Supplementary appendix.
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Results

The number of newly diagnosed PCa cases increased by
fourfold from 1985–1989 (N¼ 6415) to 2015–2019
(N¼ 25,886), while over the same period the number of PCa
deaths increased by 1.7-fold in Finland (Table 1). Most of the
PCa cases (N¼ 77,292) and PCa deaths (N¼ 15,531) were
encountered in urban regions over the study period (Table
1). The PCa incidence rate was higher in municipalities with
the highest education tertile (191.7 per 100,000 pyrs) com-
pared to middle (190.0 per 100,000 pyrs) and lowest tertile
(179.7 per 100,000 pyrs), respectively. The PCa-specific mor-
tality rate was somewhat higher in the lowest education
level tertile municipalities compared to middle and highest
tertile. The high municipality income level was associated
with higher incidence (Table 1).

The age-standardized incidence of PCa increased to its
peak in period 2000–2004 (231.0 cases per 100,000 person-
years, Table 1), where after this increase leveled off. Also, the
geographical variation of age-standardized PCa incidence
was substantial over the study period. On the other hand,
the age-standardized PCa mortality has decreased by around
40% from 54.4 in 1995–1999 to 33.7 in 2015–2019, and the
geographical variation has been small after 2010 in Finland.
However, variation in PCa mortality between different hos-
pital districts or municipalities was seen before that, from
1985 to 2010 (Figure 1). The variation by age group (under
or above 70 years) showed that the variation of the PCa-spe-
cific mortality has been very small among men <70 years of
old in the PSA era, and the PCa mortality rate very low
among these men (Figure 2).

The total variation of PCa incidence (per 100,000 person-
years) between different municipalities was substantial and
varied over time: from 22.2 (95% CI, 17.1–27.8) in 1985–1989
to 56.5 (95% CI, 49.8–64.5) in 2000–2004. The SD of PCa inci-
dence between hospital districts was from 17.5 (95% CI,
12.3–24.2) in 1990–1994 to 50.3 (95% CI, 44.7–57.4) in
2000–2004, and within hospital districts from 12.9 (95% CI,
3.6–18.0) in 1985–1989 to 30.7 (95% CI, 25.7–35.9) in
1995–1999. The proportion of variation of PCa incidence
(within/total) demonstrates that variation of PCa incidence
was higher between than within hospital districts in
1985–1989; 2000–2004; 2005–2009; and in 2015–2019. Over
the other calendar periods, the proportion was close to 0.5
indicating that the amount of variation between hospital dis-
tricts was similar to that within hospital districts (Table 2).

Table 1. Average population count, number (N) of PCa cases and deaths and
age-standardized incidence and mortality rate by calendar period, university
hospital region and municipality urbanization, education, and income level.

Population
count

PCa cases PCa deaths

N Ratea N Ratea

Period
1985–1989 2,389,775 6415 105.7 2752 49.5
1990–1994 2,448,786 8774 131.9 3332 53.5
1995–1999 2,503,962 14,359 188.7 3787 54.4
2000–2004 2,541,460 20,583 231.0 3905 49.3
2005–2009 2,591,621 23,082 220.2 3982 42.0
2010–2014 2,659,280 24,086 200.5 4289 37.6
2015–2019 2,713,260 25,886 190.8 4567 33.7

University Hospital region
Helsinki 933,046 42,296 193.8 8247 42.3
Turku 413,445 22,031 186.8 5488 48.5
Tampere 417,450 24,522 211.8 4839 44.6
Kuopio 407,638 17,937 155.5 4314 39.9
Oulu 365,089 15,382 170.5 3471 42.3
Åland 13,067 1017 259.6 255 65.4

Municipality urbanization
Urban 1,705,174 77,292 191.3 15,531 42.5
Semi-urban 433,088 22,685 185.1 5251 45.8
Rural 411,474 23,208 171.0 5832 44.4

Municipality education
Lowest tertile 937,361 50,566 179.7 12,031 45.3
Middle tertile 818,986 38,624 190.0 7956 42.8
Highest tertile 793,387 33,995 191.7 6627 41.6

Municipality income
Lowest tertile 883,601 46,350 179.5 10,576 43.3
Middle tertile 892909 43,645 183.8 9762 44.3
Highest tertile 773,225 33,190 199.3 6276 43.0

aPer 100,000 person-years and age-standardized to the male population of
Finland in 2015–2019.

Figure 1. Age-standardized PCa incidence (blue) and mortality (violet) per
100,000 person-years in 5-years period from 1985–1989 to 2015–2019 by hos-
pital district (circle) and municipality (dot).

Figure 2. Age-standardized PCa incidence (blue) and mortality (violet) per
100,000 person-years in 5-years period from 1985–1989 to 2015–2019 by age
group (0–69 years with dashed and 70þ years with solid line for the average
rate), hospital district (circle), and municipality (dot).
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In case of PCa mortality, the SD of PCa mortality (per
100,000 person-years) between all municipalities (total) was
from 2.4 (95% CI, 0.9–4.8) in 2015–2019 to 9.0 (95% CI,
6.6–11.8) in 2005–2009. However, SDs of PCa mortality
between and within hospital districts were rather similar, and
according to the proportion of variation (within/total), there
was no significant differences in the amount of variation
between the two components (Table 2).

In the univariate model urban areas had a trend for
higher PCa incidence between 1990–1994 [RR 1.13 (95% CI,
1.06–1.21); 1995–1999 [RR 1.09 (95% CI, 1.02–1.16)]; and in
2005–2009 [RR 1.05 (95% CI, 1.00–1.11)], compared to semi-
urban and rural regions. In the PSA era 2005–2009 and
2010–2014 there was a trend for lower PCa specific mortality
among men in the urban municipalities (Table 3). The PCa-
specific mortality figures by municipality education level
showed a clear trend for lower mortality in high education
level municipalities compared to middle and low level
municipalities in the PSA era from 2000 through 2019.
Municipality income level was not associated with differences
in PCa incidence, and the differences in mortality were
sparse; men in high and middle [RR 1.12 (95% CI, 1.02–1.23)
income level municipalities had higher mortality in
1985–1989 compared to low income level municipalities
(Table 3). In the multivariate model, however, the only
observed trend was a trend toward lower mortality among
men in high education level municipalities in the PSA era;
however, significant this was only in 2015–2019 (Table 3).

The variance of the logarithm of PCa incidence and mor-
tality showed that the total variation of PCa incidence on the
logarithmic scale was highest in 2000–2004, and the vari-
ation in mortality highest in 2005–2009, which after the vari-
ance has been declined, more decline has been seen in
mortality (Supplementary Table S1). The variance of the loga-
rithm of PCa incidence and mortality between age groups of
0–69 years and over 70 years, showed markable variation in
the PCa incidence among men under 70 years of age
(Supplementary Table S2).

Periodic trends for the age-standardized incidence rate
showed, that with high Bayesian posterior probability, larger
incidence was seen in the northern part and in the south

coast of Finland before the PSA era. The initiation of PSA
testing in the early 1990s changed the geographical variation
of PCa incidence rate quite radically in 1995–1999: the inci-
dence rate increased rapidly in the Tampere University
Hospital region (region E in Supplementary Figure S1) and in
Helsinki metropolitan area (region A in Supplementary Figure
S1) comparing to earlier periods. In the twenty first century,
the incidence rate stayed high in the Tampere University
Hospital district and increased to a high level in the Åland
islands (region U in Supplementary Figure S1). While assess-
ing the mortality rate from PCa over the study period
1985–2019, there is a trend for higher risk for PCa-specific
mortality in the western parts of the country (Supplementary
Figure S1).

Discussion

In this nationwide population-based analysis we showed that
PCa incidence and PCa-specific mortality varied largely
between different areas of Finland over the study period of
more than 30 years. The total variation in PCa incidence rates
between municipalities was highest during the years of the
most rapidly increasing incidence rate of PCa (2000–2004) in
Finland. While this incidence peak leveled off, also the vari-
ation, in terms of the SD of PCa incidence rate between
municipalities declined. The population-based PSA screening
trial in Tampere and Helsinki University Hospital districts
increased the incidence of PCa between 1996 and 2004 [7].
The periodic total variation of PCa-specific mortality between
municipalities also differed between periods, and there was
somewhat markable variance in PCa-specific mortality
between different municipalities, as the total SD of incidence
rate per 100,000 person-years was between 2.4 and 9.0.
There was a trend toward higher incidence and lower PCa-
specific mortality in urban municipalities of Finland and
municipalities with higher education level. However, the
income level of the municipality had little or no effect to
PCa incidence and mortality.

Variation in PCa incidence and mortality identified by
regional differences is important to try to explain the pos-
sible reasons behind the variation. Recently, Sepp€a et al.

Table 2. SD of age-standardized PCa incidence and mortality (per 100,000 person-years) between hospital districts (Between), within hospital dis-
tricts (Within), and between all municipalities (Total) by calendar period.

Between 95% CI Within 95% CI Total 95% CI W/T 95% CI

Incidence
1985–1989 18.6 (14.8, 22.8) 12.9 (3.6, 18.0) 22.2 (17.1, 27.8) 0.33 (0.04, 0.50)
1990–1994 17.5 (12.3, 24.2) 19.0 (14.6, 24.4) 24.4 (18.4, 31.7) 0.54 (0.39, 0.69)
1995–1999 29.0 (25.9, 32.4) 30.7 (25.7, 35.9) 37.9 (33.5, 42.6) 0.53 (0.42, 0.62)
2000–2004 50.3 (44.7, 57.4) 29.4 (23.7, 35.5) 56.5 (49.8, 64.5) 0.26 (0.18, 0.34)
2005–2009 41.2 (35.8, 48.1) 29.6 (24.5, 35.2) 49.1 (42.6, 56.9) 0.34 (0.25, 0.43)
2010–2014 28.0 (23.5, 33.5) 29.1 (24.5, 33.9) 40.6 (35.0, 46.9) 0.52 (0.41, 0.62)
2015–2019 27.0 (21.4, 33.3) 20.4 (14.8, 25.3) 31.1 (26.0, 36.8) 0.36 (0.23, 0.49)

Mortality
1985–1989 5.9 (3.6, 8.6) 4.8 (2.4, 7.6) 7.5 (4.7, 10.6) 0.40 (0.16, 0.63)
1990–1994 6.8 (4.2, 9.9) 6.0 (3.6, 9.1) 8.8 (5.7, 12.5) 0.44 (0.26, 0.62)
1995–1999 6.1 (3.5, 9.0) 6.6 (4.1, 9.4) 8.6 (5.5, 11.9) 0.54 (0.34, 0.74)
2000–2004 6.7 (3.8, 10.5) 5.5 (3.3, 8.2) 8.4 (5.0, 12.8) 0.40 (0.23, 0.62)
2005–2009 7.0 (4.9, 10.1) 6.8 (4.6, 9.2) 9.0 (6.6, 11.8) 0.48 (0.32, 0.67)
2010–2014 2.4 (1.0, 4.4) 4.6 (1.5, 7.4) 4.8 (1.7, 7.5) 0.76 (0.44, 0.91)
2015–2019 1.6 (0.5, 3.5) 2.0 (0.7, 4.3) 2.4 (0.9, 4.8) 0.60 (0.19, 0.86)

Proportion of variation within hospital districts out of the total variation between municipalities (W/T) is also shown.
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reported that there was a substantial variation in PCa survival
between municipalities in 2007–2016, similarly also between
and within hospital districts of Finland [12]. Variation in PCa
survival, however, might be related to differences in inci-
dence rates explained by PSA screening. Earlier detection of
localized PCa, in regions where PSA screening is more popu-
lar, can cause lead-time bias for survival estimates [17]. In
our current article, survival estimates were not assessed. It
has been shown that the incidence of PCa in the PSA era is
depended on the frequency of PSA testing [18]. In our ana-
lysis, an increasing incidence of PCa was seen in

metropolitan areas where an organized PCa screening trial
was started in the late 1990s [7]. In eastern Finland, where
PSA screening was not that popular and the PCa incidence
stayed low over 2000–2009. The decline in PCa mortality rate
since 1995 was seen across university hospital regions [5],
which can depend on various factors: PSA screening was
popularized around 1995 in Finland [19], which may lead to
lower PCa-specific mortality rates [20]. There is also evidence
that the decline in mortality rate could be artefactual. The
relatively slow progression of PCa and peak incidence in the
elderly population poses particular difficulties in the

Table 3. Age adjusted rate ratios of level of municipality urbanization, education and income in PCa incidence, and mortality by calen-
dar period.

(A) Based on univariate model

Incidence (95%CI) Mortality (95%CI)

Urbanization Rural Semi-urban Urban Rural Semi-urban Urban

1985–1989 1 1.11 (1.01, 1.21) 1.10 (1.02, 1.18) 1 1.08 (0.96, 1.21) 1.09 (0.97, 1.21)
1990–1994 1 1.09 (1.02, 1.18) 1.13 (1.06, 1.21) 1 1.09 (0.98, 1.22) 1.08 (0.98, 1.19)
1995–1999 1 1.05 (0.98, 1.13) 1.09 (1.02, 1.16) 1 1.11 (1.00, 1.23) 1.09 (1.00, 1.19)
2000–2004 1 1.01 (0.95, 1.07) 1.02 (0.97, 1.08) 1 1.04 (0.94, 1.15) 0.97 (0.88, 1.06)
2005–2009 1 1.05 (0.99, 1.11) 1.05 (1.00, 1.11) 1 0.92 (0.83, 1.02) 0.90 (0.82, 0.98)
2010–2014 1 1.04 (0.98, 1.10) 1.04 (0.98, 1.09) 1 0.92 (0.83, 1.02) 0.87 (0.80, 0.95)
2015–2019 1 1.00 (0.95, 1.06) 1.01 (0.97, 1.06) 1 1.03 (0.93, 1.13) 0.94 (0.87, 1.02)
Education Low Middle High Low Middle High
1985–1989 1 1.10 (1.02, 1.19) 1.05 (0.97, 1.15) 1 1.06 (0.95, 1.18) 1.06 (0.95, 1.17)
1990–1994 1 1.03 (0.95, 1.11) 1.15 (1.06, 1.24) 1 1.04 (0.94, 1.14) 1.01 (0.92, 1.11)
1995–1999 1 1.02 (0.95, 1.09) 1.13 (1.05, 1.22) 1 1.05 (0.95, 1.15) 0.99 (0.89, 1.09)
2000–2004 1 1.01 (0.96, 1.07) 1.05 (0.99, 1.12) 1 0.99 (0.90, 1.08) 0.91 (0.83, 1.00)
2005–2009 1 1.03 (0.97, 1.09) 1.01 (0.95, 1.08) 1 0.87 (0.79, 0.97) 0.89 (0.80, 0.99)
2010–2014 1 1.01 (0.95, 1.07) 1.00 (0.94, 1.07) 1 0.88 (0.81, 0.96) 0.89 (0.82, 0.98)
2015–2019 1 1.00 (0.95, 1.05) 1.01 (0.95, 1.06) 1 0.96 (0.88, 1.03) 0.89 (0.83, 0.96)
Income Low Middle High Low Middle High
1985–1989 1 1.05 (0.97, 1.14) 1.06 (0.93, 1.19) 1 1.12 (1.02, 1.23) 1.14 (1.00, 1.30)
1990–1994 1 1.05 (0.97, 1.12) 1.08 (0.97, 1.20) 1 1.01 (0.92, 1.10) 1.04 (0.91, 1.20)
1995–1999 1 1.02 (0.95, 1.09) 1.07 (0.96, 1.19) 1 1.05 (0.97, 1.15) 1.01 (0.88, 1.14)
2000–2004 1 1.02 (0.97, 1.08) 1.01 (0.93, 1.10) 1 1.07 (0.99, 1.16) 1.02 (0.89, 1.15)
2005–2009 1 1.00 (0.95, 1.06) 1.00 (0.91, 1.08) 1 0.95 (0.87, 1.04) 0.89 (0.76, 1.03)
2010–2014 1 1.04 (0.98, 1.10) 0.97 (0.89, 1.06) 1 1.00 (0.92, 1.09) 0.94 (0.84, 1.06)
2015–2019 1 1.00 (0.95, 1.04) 1.00 (0.94, 1.08) 1 0.99 (0.92, 1.06) 0.98 (0.89, 1.09)

(B) Based on multivariate model

Incidence (95%CI) Mortality (95%CI)

Urbanization Rural Semi-urban Urban Rural Semi-urban Urban

1985–1989 1 1.09 (1.00, 1.18) 1.04 (0.94, 1.15) 1 1.06 (0.93, 1.20) 1.05 (0.92, 1.21)
1990–1994 1 1.09 (1.00, 1.18) 1.09 (0.99, 1.21) 1 1.10 (0.98, 1.23) 1.11 (0.97, 1.27)
1995–1999 1 1.04 (0.97, 1.12) 1.05 (0.96, 1.15) 1 1.11 (0.99, 1.24) 1.12 (0.98, 1.26)
2000–2004 1 1.00 (0.94, 1.06) 1.00 (0.93, 1.07) 1 1.04 (0.93, 1.15) 0.99 (0.88, 1.11)
2005–2009 1 1.05 (0.99, 1.11) 1.06 (0.98, 1.13) 1 0.95 (0.85, 1.06) 0.98 (0.86, 1.10)
2010–2014 1 1.04 (0.98, 1.11) 1.04 (0.96, 1.11) 1 0.94 (0.85, 1.03) 0.93 (0.83, 1.04)
2015–2019 1 1.01 (0.96, 1.06) 1.02 (0.96, 1.08) 1 1.05 (0.95, 1.16) 1.01 (0.91, 1.12)
Education Low Middle High Low Middle High
1985–1989 1 1.08 (0.98, 1.18) 1.04 (0.93, 1.16) 1 1.03 (0.89, 1.15) 1.03 (0.90, 1.18)
1990–1994 1 0.99 (0.90, 1.08) 1.09 (0.97, 1.22) 1 0.99 (0.88, 1.11) 0.96 (0.82, 1.11)
1995–1999 1 0.99 (0.91, 1.08) 1.09 (0.98, 1.21) 1 0.99 (0.89, 1.11) 0.93 (0.81, 1.06)
2000–2004 1 1.01 (0.94, 1.09) 1.05 (0.97, 1.14) 1 0.98 (0.88, 1.09) 0.92 (0.82, 1.05)
2005–2009 1 1.01 (0.94, 1.07) 0.98 (0.90, 1.08) 1 0.89 (0.79, 1.00) 0.91 (0.79, 1.06)
2010–2014 1 0.99 (0.93, 1.06) 0.99 (0.91, 1.08) 1 0.91 (0.82, 1.01) 0.94 (0.83, 1.05)
2015–2019 1 0.99 (0.94, 1.05) 1.00 (0.92, 1.07) 1 0.96 (0.87, 1.05) 0.90 (0.81, 0.99)
Income Low Middle High Low Middle High
1985–1989 1 1.02 (0.95, 1.10) 1.01 (0.89, 1.14) 1 1.10 (1.00, 1.21) 1.12 (0.97, 1.29)
1990–1994 1 1.02 (0.95, 1.10) 1.04 (0.92, 1.16) 1 0.99 (0.91, 1.08) 1.03 (0.89, 1.19)
1995–1999 1 1.00 (0.93, 1.07) 1.03 (0.93, 1.15) 1 1.04 (0.95, 1.13) 1.01 (0.87, 1.16)
2000–2004 1 1.02 (0.96, 1.07) 0.99 (0.90, 1.09) 1 1.07 (0.98, 1.17) 1.04 (0.90, 1.18)
2005–2009 1 0.99 (0.93, 1.04) 0.99 (0.90, 1.08) 1 0.97 (0.89, 1.07) 0.93 (0.79, 1.08)
2010–2014 1 1.04 (0.97, 1.09) 0.97 (0.88, 1.06) 1 1.03 (0.95, 1.12) 0.99 (0.89, 1.11)
2015–2019 1 1.00 (0.95, 1.05) 1.00 (0.93, 1.09) 1 0.99 (0.92, 1.07) 1.01 (0.91, 1.13)

CI: confidence interval.
Values with significance are bolded.
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attribution of the cause of death [21]. The drop in mortality
may also be due to the positive effect of curative treatments
for PCa [22]. In some men with metastatic disease, hormonal
therapy may lead to a true increase in time from diagnosis
to death [23].

Unfortunately, we have no data on differences in the
detection rate of PCa in organized PSA screening, or cases
detected by health checkups in Finland. Stattin et al.
observed in Sweden an almost twofold difference in the inci-
dence of PCa between counties and up to a 10-fold variation
in the age-adjusted incidence of asymptomatic PCa detected
at health checkups [11]. Counties with a high total PCa inci-
dence generally also had high incidences of non-palpable
(category T1c) tumors diagnosed with random prostate biop-
sies and tumors detected at health checkups, as well as a
high frequency of curative treatments [11]. A higher inci-
dence was mostly detected in urban regions and counties
with university hospitals [11]. We can assume that this trend
for more ad–hoc PSA testing in urban areas especially with a
university hospital might be true also in Finland before the
variation of PCa incidence leveled off. Our data also indi-
cated somewhat higher PCa incidence and lower PCa mortal-
ity in municipalities of higher education level. Earlier Finnish
report stated that, between 1996 and 2005, 20%–25% of
deaths from PCa could have been avoided if the impairing
survival impact of shorter education was taken into account
[24]. The increased mortality is largely attributable to delayed
diagnosis, suboptimal diagnostic workup, and less invasive
treatments among these individuals [25]. However, it should
be noted that we did analyze only municipality level data on
education and income levels, not individual level data.

In the pre-PSA era, from 1985 until 1994, higher PCa inci-
dence, especially in the Bayesian posterior probability model,
was seen in northern parts of Finland, in western parts of
the Helsinki University Hospital region, and Åland islands.
The reason for higher incidence, for instance in these regions
is unknown. The peak in relative incidence rate leveled off
quite rapidly in the northern part of Finland except in the
L€ansi-Pohja hospital district (region S in Supplementary
Figure S1). Further studies explaining the difference in PCa
incidence before the PSA era are needed from Finland.

Also, data has shown substantial genetic differences
between the eastern and western parts of the country, espe-
cially in the male-mediated Y chromosome [26]. Furthermore,
Palo et al. also suggest substantial Scandinavian gene flow
into south-western, but not into the eastern, Finland [26].
And while men with Scandinavian gene flow might have
higher risk for PCa mortality, whilst men in the eastern
Finland die younger from cardiovascular causes [27]. It has
shown that even though PCa incidence has been very high
in both Finland and Sweden, mortality rate from PCa is
higher in Sweden [28]. Genetic risk for higher PCa mortality
may, thus, influence on higher PCa-specific mortality rate
among Swedish speaking population in Finland, who are liv-
ing mostly in the western and southern parts of the country.

Regional variation in PCa incidence was heterogeneous
and not clearly dependent on hospital district, while vari-
ation between and within hospital districts did not show any

clear trend. This may reflect to the health-care system in
Finland, where protocols and decisions for PCa diagnostics
and treatment are done in publicly reimbursed hospitals and
the clinical practice in different hospitals is quite similar in
different parts of the country. Variation in PSA testing, how-
ever, resulted in higher incidence of PCa in Tampere and
Helsinki metropolitan areas after the initiation of PSA screen-
ing RCT [29]. Our finding of increased variation of PCa inci-
dence among Finnish men >70 years is probably explained
by guideline recommendations, which do not recommend
routine PSA testing on men over 70 years of age [30].
Furthermore, when ad-hoc PSA testing became popular in
Finland, it all started in larger metropolitans, while testing
was uncommon in rural areas. According to our results, the
regional policy and access to PSA testing, also outside clin-
ical trials, probably explains differences in PCa incidence in
the post-PSA era between hospital districts. Another explan-
ation for the higher incidence might be a higher number of
urologists in the southern and western parts of the country.

The total variation in PCa incidence was substantial over
the region, while in PCa mortality the differences were
smaller. Of these two, mortality is the one causing worries.
Between 1985 and 2009 the SD in PCa-specific mortality
between all municipalities in Finland was between 7 and 9
per 100,000 person-years. This would mean annually around
200 more deaths from PCa in Finland if mortality would be
same in all municipalities as in the municipality with the
highest mortality rate. However, the absolute risk for PCa
mortality would increase only by around 1% [31,32].

Our study has several limitations. First, we do not have
information on incidentally identified PCas and national
information on PSA testing in Finland. Secondly, to assess
variation in mortality from PCa, we should have better data
on ad-hoc PSA testing, cancer treatments etc. For example,
our data on cancer treatment is limited and may differ over
time and between different hospital districts.
Notwithstanding these limitations, this study contains several
strengths. We have a nationwide population-based material
including 99% of all PCas diagnosed in Finland between
1985 and 2019. We also have complete and accurate regis-
tration on cause of deaths and patient’s residency data from
Statistics Finland and the Digital and Population Data
Services Agency [33], based on social security number system
allowing for linkage between different sources. Also, there is
practically no loss to follow-up.

Conclusions

In conclusion, regional variation in PCa incidence showed
that it was somewhat higher in the western and southern
Finland in the PSA testing era from 1995 on. Regional vari-
ation in PCa mortality was also seen but this variation dimin-
ished at the same time as the mortality rate declined. Our
data indicates that after the initiation period of PSA testing
in 1990s and early 2000s, as PSA became popular in Finland,
PCa mortality outcomes have equalized throughout
the country.
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