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Abstract
Purpose  In Finland, prevalence of schizophrenia is higher in the eastern and northern regions and co-occurs with the distri-
bution of schizophrenia polygenic risk scores. Both genetic and environmental factors have been hypothesized to contribute 
to this variation. We aimed to examine the prevalence of psychotic and other mental disorders by region and degree of 
urbanicity, and the impacts of socio-economic adjustments on these associations.
Methods  Nationwide population registers from 2011 to 2017 and healthcare registers from 1975 to 2017. We used 19 
administrative and three aggregate regions based on the distribution of schizophrenia polygenic risk scores, and a seven-level 
urban–rural classification. Prevalence ratios (PRs) were calculated by Poisson regression models and adjusted for gender, 
age, and calendar year (basic adjustments), and Finnish origin, residential history, urbanicity, household income, economic 
activity, and physical comorbidity (additional adjustments) on an individual level. Average marginal effects were used to 
visualize interaction effects between region and urbanicity.
Results  A total of 5,898,180 individuals were observed. All mental disorders were slightly more prevalent (PR 1.03 [95% 
CI, 1.02–1.03]), and psychotic disorders (1.11 [1.10–1.12]) and schizophrenia (1.19 [1.17–1.21]) considerably more preva-
lent in eastern and northern than in western coastal regions. After the additional adjustments, however, the PRs were 0.95 
(0.95–0.96), 1.00 (0.99–1.01), and 1.03 (1.02–1.04), respectively. Urban residence was associated with increased prevalence 
of psychotic disorders across all regions (adjusted PR 1.21 [1.20–1.22]).
Conclusion  After adjusting for socioeconomic and sociodemographic factors, the within-country distribution of mental 
disorders no longer followed the traditional east–west gradient. Urban–rural differences, on the other hand, persisted after 
the adjustments.
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Introduction

The prevalence of psychotic and other mental disorders 
varies globally and locally [1–4], with urban–rural dif-
ferences being a particularly important factor in North-
ern Europe [5–9]. The underlying mechanisms for these 
variations are not well understood and are thought to 
be influenced by a combination of neighbourhood and 
individual-level social-environmental factors, including 
pollution, lack of green space, social stress or selective 
migration, among other things [5]. Some combined analy-
ses have shown gene-environment synergism in the risk 
profiles [10–14].

In Finland, there is a well-documented pattern of higher 
prevalence of schizophrenia and other psychotic disorders 
in the east and of mood and anxiety disorders in the south 
[15–20]. In schizophrenia, regional differences have been 
more significant than urban–rural variations, and this geo-
graphical east–west pattern in schizophrenia prevalence 
coincides with schizophrenia polygenic risk scores, lead-
ing to the hypothesis that population genetics may play a 
role (Supplementary Fig. S1a) [16, 17, 21, 22]. However, 
social determinants of mental health, such as the proportion 
of low-income earners (Supplementary Fig. S1b), level of 
education, unemployment, migration, or household structure 
also vary across the country with less favourable composi-
tions often seen in the eastern parts of the country. Urban 
areas, on the other hand, are more common in southern and 
western regions (Supplementary Fig. S1c). It is not known to 
what extent regional and urban–rural variations interact, and 
to what extent the geographical variations are confounded 
by socioeconomic factors.

We aimed to evaluate regional and urban–rural variation 
in psychotic and all mental disorders, their interaction, and 
the impact of socioeconomic adjustments on these geograph-
ical differences. To facilitate comparisons of geographical 
differences in prevalence of schizophrenia with different 
adjustments and schizophrenia polygenic risk scores that 
have previously been reported, we grouped the adminis-
trative regions of Finland into three aggregate regions and 
aimed to present detailed maps of the geographical preva-
lence distributions (Fig. 1). We hypothesized that much of 
the variability in prevalence of mental disorders would be 
explained by demographic and socioeconomic factors.

Methods

We conducted a population-based register study including 
all individuals living in Finland from 2011 to 2017. Using 
individual-level population and health care registers, we 

calculated the prevalence of people with a history of men-
tal health-related contact with primary care or psychiatric 
secondary inpatient or outpatient care on the last day of 
each of the study years. In addition, all individuals living 
in Finland between 1996 and 2017 were followed up in the 
registers to identify the incidence of the first psychiatric 
inpatient admissions. These time limits were based on the 
coverage of the national health care registers.

The Research Ethics Committee of the Finnish Institute 
for Health and Welfare approved the study protocol (deci-
sion #10/2016§751). Data were linked with permission from 
Statistics Finland (TK-53–1696-16) and the Finnish Institute 
of Health and Welfare. Informed consent is not required for 
register-based studies in Finland.

Assessment of mental disorders

Information on mental healthcare was obtained from the 
Finnish Care Register for Health Care. Psychiatric inpatient 
care can be reliably recognized since 1975, secondary out-
patient care has been included since 2006 and primary care 

Fig. 1   Administrative regions in Finland and aggregate regions based 
on the polygenic risk-score distribution in this study. Regions: 01 
Uusimaa, 02 Varsinais-Suomi, 04 Satakunta, 05 Kanta-Häme, 06 
Pirkanmaa, 07 Päijät-Häme, 08 Kymenlaakso, 09 South Karelia, 10 
Etelä-Savo, 11 Pohjois-Savo, 12 North Karelia, 13 Central Finland, 
14 South Ostrobothnia, 15 Ostrobothnia, 16 Central Ostrobothnia, 17 
North Ostrobothnia, 18 Kainuu, 19 Lapland
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has been included since 2011 (for details, see Supplementary 
Methods).

The International Statistical Classification of Diseases 
and Related Health Problems, Tenth Revision (ICD-10) has 
been used in Finland since 1996. We described specific dis-
orders with the ten-level ICD-10 sub-chapter categories and 
in the following categories: all psychotic disorders (ICD-10: 
F20-29, F30.1, F30.2, F30.8, F30.9, F31.1, F31.2, F31.5, 
F31.6, F32.3, F33.3, F1x.5, F1x.7), mania and bipolar disor-
ders with psychotic symptoms (F30.1, F30.2, F30.8, F30.9, 
F31.1, F31.2, F31.5, F31.6), psychotic depression (F32.3, 
F33.3), and substance-induced psychotic disorders (F1x.5, 
F1x.7). The diagnoses of schizophrenia and other primary 
psychotic disorders were classified in a particular order, with 
schizophrenia being the first (F20), followed by schizoaf-
fective disorder (F25), delusional disorders (F22 and F24), 
brief psychotic disorders (F23), schizotypal disorder (F21), 
other nonorganic psychotic disorders (F28), and unspeci-
fied nonorganic psychosis (F29). If a person had more than 
one diagnosis from the schizophrenia spectrum, they were 
classified under the first group of disorders in the order pre-
sented above.

In primary care, the ICPC-2 International Classifica-
tion of Primary Care, instead of ICD-10, is used in some 
facilities, and ICPC-2 mental health-related diagnoses were 
converted to corresponding ICD-10 sub-chapter categories 
when possible (for details, see Supplementary Methods).

Discharge diagnoses and diagnoses from outpatient visits 
were also collected. A description of the method used for 
handling partly overlapping register data entries is publicly 
available [23].

Regions and urban–rural classification

Finland consists of 19 administrative regions, each with a 
central town, possible other towns and surrounding areas 
with varying degrees of urbanicity. Based on the distribu-
tion of the schizophrenia polygenic risk score [21, 22], we 
grouped the administrative regions into three aggregate 
regions: coastal, inland, and eastern and northern (Fig. 1). 
The region of residence on the last day of each study year 
was used for the main analysis. We used the seven-level 
urban–rural classification for the year 2010 issued by the 
Finnish Environment Institute based on a nationwide grid 
of 250 × 250 m cells, to measure urbanicity for each indi-
vidual's place of residence [24]. In order to show geographi-
cal variation by region and urbanicity, we created maps with 
region-urbanicity subregions (Supplementary Fig. S1c).

Cofactors

We collected the following categorical individual-level 
demographic and socioeconomic data on the last day of each 

study year from the population registers: age (five-year inter-
vals), gender (man or woman), origin (Finnish background 
or not, determined based on the country of birth data of 
the person's parents [25]), currently inhabiting the region of 
birth (yes or no), economic activity (employed; unemployed; 
students; pensioners and others outside the labour force), 
and equivalized household net income deciles. Net income 
was obtained after subtracting taxes and was adjusted for 
the size of the household dwelling unit using the Organisa-
tion for Economic Cooperation and Development–modified 
equivalence scale.

Physical comorbidity was assessed using the Charlson 
comorbidity index (CCI), a widely used comorbidity index 
with a weighted score of 17 comorbid conditions [26]. For 
each study year and for every individual in the study, the 
CCI score was calculated using available ICD-10 diagnoses 
of any actual treatment contact in healthcare registers from 
the beginning of the previous calendar year. Age was not 
included in the CCI scores but was adjusted in the main 
model. CCI scores were categorized by previously used cut-
points: none, 1–3, and ≥ 4 [27].

Statistical analysis

The prevalence of a history of mental disorders was calcu-
lated for the last day of each calendar year of the study by 
summing the number of people with a history of mental 
health treatments in each region divided by the number of 
inhabitants in the region. Data were aggregated by strata 
defined by all possible combinations of cofactors. Preva-
lence ratios were examined using a Poisson regression model 
with a robust sandwich variance estimator. The strata in the 
aggregated data were taken as the unit of analysis and the log 
of population size of the strata was used as an offset term.

Regional prevalence ratios were adjusted for gender, age, 
and calendar year (basic adjustment). Additional adjust-
ments for origin, residential history, urbanicity, household 
income, economic activity, and CCI were also made. Bayes-
ian information criteria were used for the model selection.

For a fine-scale view of the variability of prevalence 
by region and urbanicity, the average marginal effects for 
each region-urbanicity subregion were predicted using a 
Poisson regression model that included a region-urbanicity 
interaction term. The predicted prevalence in each region-
urbanicity subregion was calculated while holding the other 
predictors constant as observed [28].

The sensitivity to definitions of the outcome and explan-
atory variables was investigated by alternative definitions 
and comparison of results across the following additional 
analyses: The prevalence of all treated mental disorders and 
inpatient treatments only were compared; the incidence and 
prevalence of regional inpatient treatments were compared; 
and the current living region and the region of birth were 
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compared. For data management and analyses, we used R, 
version 3.6.3 (R Project for Statistical Computing), and 
Stata, version 17.1 (StataCorp LLC).

Results

During the years 2011 to 2017, a total of 5,898,180 indi-
viduals contributed to the study population. Altogether, 
1,197,690 individuals of the total of 5,512,745 at the end 
of 2017 had a history of some medical contact in primary 
or secondary care mental health services. This resulted in 
a crude prevalence rate of 21.73% (24.07% in women and 
19.32% in men). Prevalences stratified by the covariates are 
reported in the Supplementary Table.

Regional variation in prevalence of mental disorders

The crude prevalence of all psychotic disorders, schizophre-
nia, and most of the other psychotic disorders was higher 

in the eastern and northern than in the coastal regions 
(Table 1). However, unspecified psychosis, bipolar disorder 
and substance-induced psychotic disorders, as well as mood 
disorders and neurotic disorders, were more common in the 
coastal region, resulting in only a minimal difference in the 
prevalence of all mental disorders (Table 1).

After basic adjustments, prevalence ratios (PRs) of 
1.11 (95% CI 1.10–1.12) for all psychotic disorders, 1.20 
(1.19–1.21) for schizophrenia spectrum, 0.85 (0.84–0.86) 
for bipolar disorder, and 1.03 (1.02–1.03) for all mental dis-
orders in the eastern and northern compared to the coastal 
regions were observed (Fig. 2a).

Coastal, Inland, and East-north regions are described in 
Fig. 1. In the basic adjustment, prevalence ratios are adjusted 
for age, gender, and calendar time. In the additional adjust-
ment, prevalence ratios were adjusted for age, gender, cal-
endar time, urbanicity, origin, residence history, household 
income, economic activity, and Charlson comorbidity index. 
Error bars indicate 95% Cis. Subgroups of all included psy-
chotic disorders are highlighted in bold. Bipolar disorder 

Table 1   Prevalence of mental disorders by place of residence in 2017: number of cases, prevalence rates, and crude prevalence ratios (PR)a

a Prevalence of a history of treated disorders on 31 Dec 2017. The aggregate regions are described in Fig. 1
b Total population in the region (percentage of whole country population)
c All psychotic disorders included the following disorders: schizophrenia spectrum disorders (F20-29), mania and bipolar disorder with psychotic 
symptoms (F30.1, F30.2, F30.8, F30.9, F31.1, F31.2, F31.5, F31.6), psychotic depression (F32.3, F33.3), and substance-induced psychotic disor-
ders (F1x.5 through F1x.7)
d Schizophrenia spectrum diagnoses were categorized in the order presented in the table
e Bipolar disorder included mania and bipolar disorder with psychotic symptoms (F30.1, F30.2, F30.8, F30.9, F31.1, F31.2, F31.5, F31.6)
f Psychotic depression included diagnoses F32.3 and F33.3
g Substance-induced psychotic disorders included three categories of substance-induced psychotic disorders (F1x.5 through F1x.7)

Number of diagnosed individuals (prevalence %) PR (95% CI)

Whole country
5 512 745 (100%)b

Coastal
2 808 181 (50.9%)b

Inland
1 352 887 (24.5%)b

Eastern and northern
1 351 677 (24.5%)b

Eastern and 
northern vs. 
coastal

Any mental disorder (F00-99) 1 197 690 (21.73) 599 739 (21.36) 302 794 (22.38) 295 157 (21.84) 1.02 (1.01–1.02)
All psychotic disordersc 112 318 (2.04) 55 722 (1.98) 26 456 (1.96) 30 140 (2.23) 1.10 (1.09–1.12)
Schizophrenia spectrum (F20-29)d 93 182 (1.69) 44 537 (1.59) 22 448 (1.66) 26 197 (1.94) 1.21 (1.20–1.22)
 Schizophrenia (F20) 34 269 (0.62) 16 567 (0.59) 7 821 (0.58) 9 881 (0.73) 1.19 (1.17–1.21)
 Schizoaffective disorders (F25) 6 720 (0.12) 3 141 (0.11) 1 645 (0.12) 1 934 (0.14) 1.26 (1.23–1.29)
 Delusional disorders (F22, F24) 11 092 (0.20) 5 156 (0.18) 2 972 (0.22) 2 964 (0.22) 1.15 (1.13–1.17)
 Brief psychotic disorders (F23) 8 830 (0.16) 4 459 (0.16) 2 303 (0.17) 2 068 (0.15) 1.00 (0.98–1.02)
 Schizotypal disorder (F21) 2 458 (0.04) 1 070 (0.04) 583 (0.04) 805 (0.06) 1.59 (1.53–1.65)
 Other (F28) 1 009 (0.02) 441 (0.02) 269 (0.02) 299 (0.02) 1.33 (1.25–1.41)
 Unspecified (F29) 17 238 (0.31) 8 953 (0.32) 4 062 (0.30) 4 223 (0.31) 0.97 (0.95–0.99)

Bipolar disordere 44 890 (0.81) 24 438 (0.87) 10 512 (0.78) 9 940 (0.74) 0.82 (0.81–0.83)
Psychotic depressionf 22 167 (0.40) 10 929 (0.39) 4 869 (0.36) 6 369 (0.47) 1.19 (1.17–1.21)
Substance-induced psychotic 

disordersg
9 672 (0.18) 5 295 (0.19) 2 101 (0.16) 2 276 (0.17) 0.88 (0.86–0.90)

 Substance use disorders (F10-19) 161 307 (2.93) 81 372 (2.90) 38 485 (2.84) 41 450 (3.07) 1.04 (1.03–1.05)
 Mood disorders (F30-39) 416 542 (7.56) 214 956 (7.65) 105 926 (7.83) 95 660 (7.08) 0.92 (0.91–0.92)
 Neurotic disorders (F40-48) 460 247 (8.35) 239 839 (8.54) 115 580 (8.54) 104 828 (7.76) 0.87 (0.87–0.88)
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included ICD-10 codes F30.1, F30.2, F30.8, F30.9, F31.1, 
F31.2, F31.5, F31.6, psychotic depression codes F32.3 and 
F33.3, and substance-induced psychotic disorders (SIPD) 
codes F1x.5 to F1x.7. Schizophrenia spectrum diagnoses (in 
italic) were categorized in the order presented in the figure.

When additional adjustments for socioeconomic fac-
tors and comorbidities were included in the models, the 
eastern and northern prominence in psychotic disorders 
disappeared, with a PR of 1.00 (0.99–1.01). PRs of 1.06 
(1.06–1.07) for schizophrenia spectrum, 1.03 (1.02–1.04) 
for schizophrenia, and 0.75 (0.74–0.76) for bipolar disor-
der were observed (Fig. 2a). The PR for all mental disor-
ders was 0.95 (0.95–0.96) (Fig. 2a). Adding income to the 
models caused a major change in the PR estimates, and the 
effect of each of the additional covariates is shown in the 
online Supplementary Fig. S2. There were some variations 
between neighbouring regions within the aggregate regions 
and between diagnoses (Supplementary Fig. S3).

Urban–rural variation in prevalence of mental 
disorder

Residence in inner urban areas or in the local centres in rural 
areas was clearly associated with increased prevalence of 
all mental disorders and major psychotic disorders in both 
levels of adjustment (Fig. 3). The additional adjustments 
changed the prevalence ratios in some levels of urbanicity, 
although the link between urbanicity and psychotic disorders 
remained clear. In inner urban areas, PRs of 1.10 (1.10–1.10) 

for all mental disorders and 1.21 (95% CI, 1.20–1.22) for 
psychoses, compared to the whole national mean with addi-
tional adjustments, were observed.

Prevalence of mental disorders by region 
and urbanicity

The analysis of prevalence of mental disorders by region 
of residence and urbanicity with basic adjustments showed 
an eastern and northern prominence in the prevalence of 
all mental disorders and psychotic disorders in all levels of 
urbanicity. After the additional adjustments, prominence 
of the inner urban area in the coastal regions became evi-
dent across any mental disorders, all psychotic disorders, 
and schizophrenia. Furthermore, after the additional adjust-
ments, bipolar disorder come up in the coastal regions in all 
levels of urbanicity (Supplementary Fig. S4). The average 
marginal effects of prevalence for each region-urbanicity 
subregion are visualized in the maps (Figs. 4 and 5).

Additional analyses

The following additional analyses were conducted: First, if 
inpatient care was analyzed alone, clear eastern and north-
ern prominence would have been observed (Supplementary 
Fig. S5). Second, irrespective of whether region of birth or 
region of residence was utilized as the explanatory variable, 
the prevalence ratios with basic adjustments revealed the 
prominence of eastern and northern regions in any mental 

Fig. 2   Prevalence ratios of mental disorders by place of residence. Higher prevalence ratios indicate higher risk in a eastern and northern and b 
inland regions compared to coastal regions
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Fig. 3   Prevalence ratios of selected mental disorders by urbanicity of 
the place of residence, compared to the national mean. a Inner urban 
area (32.5%) b Outer urban area (26.4%) c  Peri-urban area (11.0%) 
d Local centres in rural areas (5.8%) e € Rural areas close to urban 
(7.1%) f  Rural heartland areas (10.8%) g Sparsely populated rural 
areas (5.1%). The proportion of population living in each level of 
urbanicity is given in parentheses. Any refers to any mental disorder, 
Psy to all psychotic disorders, F2 to schizophrenia spectrum, Sch to 

schizophrenia, Bipo to bipolar disorder, PD to psychotic depression, 
and SIPD refers to substance-induced psychotic disorders. In the 
basic adjustment, prevalence ratios are adjusted for age, gender, and 
calendar time. In the additional adjustment, prevalence ratios were 
adjusted for age, gender, calendar time, region, origin, residence his-
tory, household income, economic activity, and Charlson comorbidity 
index. Error bars indicate 95% CIs
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disorders, all psychotic disorders, and schizophrenia (Sup-
plementary Fig. S6). Third, using data on incidence of the 
first inpatient episodes instead of prevalence would cause 
changes in the proportions of different diagnostic catego-
ries. In inpatient treated cases of all mental disorders and 
all psychotic disorders, the eastern and northern prominence 
persisted. In the case of the schizophrenia spectrum, how-
ever, the observed difference in geographical prominence 
disappeared. (Supplementary Fig. S7). Fourth, the eastern 
and northern prominence in any mental disorder and all psy-
chotic disorders disappeared after the additional adjustments 
in both men and women (Supplementary Fig. S8).

Discussion

In this nationwide register-based study of over 5 million 
Finnish persons, we found that the prevalence of all mental 
disorders and psychotic disorders treated in both primary 
or secondary care was higher in the eastern and northern 
regions compared to coastal regions. After adjusting for 
socioeconomic factors, however, this geographical differ-
ence was no longer evident. By contrast, the urban–rural 
differences, as measured using a detailed seven-level classi-
fication of current residency, persisted after the adjustments 
and were consistent with previous findings from other Nor-
dic countries. Urban effect was evident across the country 
and diagnostic categories, although regional differences 
in some diagnostic subgroups, such as schizophrenia and 
bipolar disorders, were observed. Taken together, our results 
demonstrate the significant impact of social determinants 
on the mental health of the population and have important 
national implications.

To the best of our knowledge, this is the first compre-
hensive study demonstrating the associations between the 
within-country distribution of socioeconomic and demo-
graphic factors and the prevalence of mental disorders 
treated with either primary or secondary care. Epidemio-
logical studies in Finland have investigated regional and 
urban–rural variations in mental disorders since the 1930s 
but have usually included only inpatient register data [15–20, 
29]. Including outpatient and primary care data can be seen 
as a main strength of the current study, as including this 
data substantially changed the prevalence ratios in eastern 
and norther parts of the country, and there are some vari-
ations in the overall inpatient care across the regions [30]. 
The east–west differences have been consistently observed, 
but one recent study found significant regional variation in 
mental disorder disability pensions that did not follow the 
traditional east–west health differences [31]. Thus, within-
country geographical differences in mental health are sen-
sitive to a variety of social determinants and draw a more 
complex picture than reported in previous studies.

Previous findings on the association between urbanicity 
and mental disorders in Finland have been mixed, with the 
earliest studies showing an association between living in 
cities and schizophrenia [29], but more recent studies sug-
gestive of urban effects but yielding inconsistent results 
[15–17]. Current results align with previous studies in 
Northern Europe, demonstrating an association between 
variety of psychotic disorders and urbanicity [5, 7, 32]. Fin-
land no longer appears to be an exception in this respect. 
Structural changes in demography, employment and services 
have affected particularly eastern rural parts of the country 
in recent decades and probably affect the temporal differ-
ences in the link between urbanicity and psychotic disorders 
in Finland [17, 33].

Household income was a particularly strong cofactor 
in the models. This is not surprising, as income inequality 
and individual level low income and mental disorders have 
been strongly linked with complex bi-directional pathways 
[34–38]. In the current study, we did not explore the causal 
pathways behind the mental disorders and income distribu-
tion. Nevertheless, income was a relevant cofactor, as it is 
unlikely that the within-country distribution of income was 
determined by the regional prevalence of mental disorders.

Contrary to regional differences, urban–rural variation 
did not disappear after socioeconomic adjustments. Urban 
environments in a sparsely populated country such as Fin-
land may vary greatly within the country in terms of poten-
tial urban risk attributes such as nature spaces, migration, 
social stress, or demographical and socioeconomic com-
position. Our analysis of the urbanicity-region interaction 
with socioeconomic adjustments showed that urbanicity 
is a relevant factor for mental health in all regions of the 
country, regardless of the size of the regional urban centre, 
from Kajaani with a population of 36,000 to Helsinki with 
a population of 665,000. We evaluated regional differences 
and urbanicity based on current residency, while controlling 
for living in the birth region. This approach enabled account-
ing for within-country migration. However, we did not have 
data on individual histories of urban residency or changes in 
geographical distribution of urbanicity. Selective migration 
can affect regional composition and socioeconomic contexts, 
and also affects the associations between urbanicity and psy-
chotic disorders [5, 10, 39, 40]. In Finland, however, it has 
been suggested that individuals with mental disorders are not 
particularly likely to move to the most urban centers [41], 
and accessibility of Finnish primary health care is mostly at 
good level, although in a recent study, travel time in rural 
areas negatively associated with primary care mental health 
service use [42, 43].

The relatively high prevalence of bipolar disorder with 
psychotic features in southern urban areas and the com-
paratively high prevalence of schizophrenia spectrum 
diagnoses in eastern and northern areas emphasize the 
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importance of considering different register-based diagno-
ses side by side. Although the Finnish registers show good 
consistence [44], a tendency towards a narrow definition of 
schizophrenia in clinical practice in Finland has been rec-
ognized [45]. Whether there are differences in diagnostic 
practices in primary or secondary care mental health ser-
vices across the country has not been evaluated recently. 
In Finland, there is a relatively high number of special-
ists in psychiatry and general practitioners are trained in 
psychiatry as well [46]. With the observed differences in 
certain diagnostic categories in mind, future assessment of 
the real-world diagnostic consistency and reliability might 
be useful in terms of both scientific and clinical accuracy.

The study of population genetics in Finland has 
attracted a great deal of interest, and there is a well-docu-
mented north–south and east–west genetic differentiation 
within the population [22, 47, 48]. Although the use of 
polygenic risk scores for explaining geographic differ-
ences in phenotypes is not currently recommended due to 
methodological limitations, the striking similarity between 
schizophrenia prevalence and polygenic scores has been 
suggested as an example of the potential of polygenic risk 
scores to explain geographic health differences [21]. Our 
results showed that after adjusting for socioeconomic 
factors, the prevalence of all psychotic disorders did not 
display statistically significant east–west differences, and 
did not align with the geographical gradient of schizo-
phrenia polygenic scores. A diagnosis of schizophrenia 
was slightly more prevalent in eastern parts of the coun-
try, but did not follow a gradient that was comparable to 
that of schizophrenia polygenic scores. Mental disorders 
are highly polygenic and pleiotrophic, and most of their 
genetic common variant architecture has not been identi-
fied [49]. Schizophrenia polygenic risk scores are asso-
ciated with a variety of traits, adding complexity to the 
concept [50–54]. In the present study, however, genetics 
were not evaluated. Thus, accounting for neighbourhood 
contextual factors and socioeconomic composition and 
individual level social determinants, together with genetic 
information, may be beneficial in future studies of geo-
graphical differences in mental health in Finland.

Strengths and limitations

The main strength of our study is the use of interlinked Finn-
ish national registers, which provide comprehensive data 
on both primary and secondary care treatments for mental 
disorders across the country. The inclusion of primary care 
treatment data is important, as primary care mental health 
treatment is common in Finland, and our previous study 
showed that including primary care may alter findings [55]. 
There is no universal definition of urbanicity, and to the best 
of our knowledge the current seven-level classification with 
250 × 250 m pixels has not been used before in this context 
and is more detailed than previous classifications.

This study has certain limitations. First, primary care data 
is available only since 2011, and to our knowledge, there 
are no studies on the accuracy of primary care psychiatric 
diagnoses in the Finnish registers. Hence, incident cases can-
not be recognized. The prevalence of treated mental health 
treatments was the outcome of interest, and we did not 
focus on the complex bi-directional causal chains of income 
and mental health on an individual level, but rather on the 
overall composition of the population. Second, the current 
urban–rural classification is available only since 2010, and 
therefore historical changes in urban effects cannot be evalu-
ated and the individual level residence history by urbanicity 
cannot by traced. Third, no individual level genetic data was 
used and thus the comparison between our study and that of 
Kurki et al. is indirect [22]. Fourth, private and employer-
paid mental health outpatient care are significant compo-
nents of the Finnish health care system, and probably more 
common in urban settings, but were not covered in the reg-
isters for the study period. Finally, the present observational 
results do not allow a causal interpretation.

Conclusion

Urbanicity and socioeconomic position are important determi-
nants of geographical variations in population mental health. 
In this study, the previously well documented east–west gradi-
ent in psychotic disorders that coincides with the geographical 
distribution of schizophrenia polygenic risk scores, was no 
longer observed after detailed adjustments. Our current find-
ings align with previous studies in Northern Europe, demon-
strating a solid association between psychotic disorders and 
urbanicity also in Finland, which has previously been uncer-
tain. At the national level, acknowledging these geographi-
cal patterns and their correlations with societal factors may 
enhance understanding of population health. While the utiliza-
tion of primary care registers represents a noteworthy strength 
for Finnish register-based epidemiology, their diagnostic 
accuracy regarding mental disorders remains to be evaluated. 

Fig. 4   Average marginal effects of region of residence and urbanicity 
on the prevalence of any mental disorder and all psychotic disorders. 
a any mental disorder, basic adjustments, b any mental disorder, addi-
tional adjustments, c all psychotic disorders, basic adjustments, and d 
all psychotic disorders, additional adjustments. Predicted prevalence 
in each region-urbanicity subregion was calculated while holding the 
other predictors constant as observed. In the basic adjustment, preva-
lence ratios were adjusted for age, gender, and calendar time. In the 
additional adjustment, prevalence ratios were adjusted for age, gen-
der, calendar time, origin, residence history, household income, eco-
nomic activity, and Charlson comorbidity index
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Further study is needed to provide better understanding of the 
geographical patterns of mental health.
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