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A B S T R A C T

Background: The prevalences of Amyotrophic Lateral Sclerosis (ALS), Multiple Sclerosis (MS), and Parkinson’s 
Disease (PD) have been shown to covary which suggests that they may share common pathogenetic factors.
Objective: Investigate the contemporaneous incidence patterns of ALS, MS, and PD on a municipal level in 
easternmost Finland.
Methods: Previously published ALS (years 2010–2018) and MS (years 2012–2016) cohorts were leveraged and PD 
data (years 2010–2018) were obtained from the national drug reimbursement entitlement registry. Population 
data were collected from a governmental registry.
Results: There were no municipalities with high incidences of all three disorders in both sexes. An ALS hotspot 
was observed in southeastern municipality of Tohmajärvi, driven by men. PD incidence was lowest in the central 
municipalities, around the urban area. Age-adjusted ALS and PD incidence was high and MS incidence low in 
Nurmes. Analyses of ALS and PD incidences using population aged >45 as reference showed an area of low PD 
incidence in the westernmost municipalities but no clear ALS incidence pattern. No municipality showed a high 
incidence of both disorders but the ones with the highest incidences are neighboring municipalities (Tohmajärvi 
and Kitee) in the southern part of the province. There was no correlation between ALS and PD incidence (p =
0.17).
Conclusions: Contemporaneous incidences of ALS, MS, and PD showed no correlations. These results suggest that 
epidemiological research for their common pathogenic factors needs to employ very long study periods and birth 
cohorts in large populations. Neuropathological and/or biomarker validation of cases should also be included 
whenever possible.

1. Introduction

Parkinson’s Disease (PD), Amyotrophic Lateral Sclerosis (ALS) and 
Multiple Sclerosis (MS) are not leading causes of neurological disability 
globally but have all become more common during the recent decades 
[1]. Moreover, their combined burden is among the 10 most important 
causes of disability among diseases of the nervous system. This is rele
vant because their prevalences have been shown to covary significantly, 
suggesting that they may share common pathogenetic factors [2]. 
Indeed, the Guam Amyotrophic Lateral Sclerosis and Parkinsonism- 
Dementia Complex (ALS/PDC) demonstrates that it may be useful to 

study ALS and PD as interrelated neurodegenerative disorders [3]. 
Identifying shared causative factors could help to mitigate the combined 
burden of these disorders.

Defining appropriate geographic area of investigation is essential for 
identifying such factors. Previous Finnish data suggest that this may not 
always correspond to specific geographically definable areas since there 
are marked differences in the epidemiology of these disorders: MS is 
most prevalent in the western and southwestern areas of Finland 
whereas ALS displays a clear hotspot in southeastern part of the country 
and PD has a belt of both high incidence and prevalence extending from 
easternmost Finland across central Finland to the western coast [4–6].
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Prevalence is a function of disease incidence and survival whereas 
incidence is more directly linked to origins of a disease. Therefore, 
investigating contemporaneous incidence patterns on a municipal level 
might yield suggestions about where to focus the search for common 
causative factors.

2. Methods

2.1. Study setting

North Karelia (total area c.21,500 km2 of which 18,790 km2 is on 
land) is the easternmost province of Finland (Fig. 1A). Its population 
(c.166,000) is declining (− 12,872 between 1998 and 2018) and aged 
(25.8 % over 65 years of age in 2018). Over half (50.5 %) of the pop
ulation lived in rural areas in 2018. The study period included in total 
1,218,970 person-years at risk (50.5 % women) of which 794,910 (51.9 
% women) were of persons >45 years of age. The area is served by only 
one public secondary healthcare facility, North Karelia Central Hospital 
(NKCH), located in the city of Joensuu (Fig. 1B). It has a neurology clinic 
providing in- and outpatient services by nine general neurologists. All 
suspected and diagnosed ALS and MS cases and the majority of PD pa
tients (some are initially treated in the private sector which offers very 
limited neurological services in the area and these patients often transfer 
to the hospital’s patients after the initial disease stages) are investigated 
and treated here.

2.2. Patient data

The aggregated annual numbers (per year and sex) of individuals 
who were newly granted special reimbursement entitlement for 

prescription PD medication expenses (entitlement code 110) in North 
Karelia between 2010 and 2018 were acquired from the national Social 
Security Institution of Finland (SSIF). Medications for PD are available 
only by prescription in Finland, and patients receive reimbursement for 
these medications. Entitlement for PD and related dopamine-responsive 
movement disorders requires an appropriate diagnosis verified clinically 
by a neurologist, and all applications are reviewed by a medical 
specialist at SSIF. Virtually all patients with PD in Finland apply for and 
are granted the entitlement after the appropriate diagnosis is made, and 
a previous preliminary report suggested a specificity of 80 % for these 
data [7].

Municipality-level incidence patterns in North Karelian hospital co
horts of patients with MS (diagnosed in 2012–2016) and ALS (diagnosed 
in 2010–2018) that have been previously reported were analyzed [8,9]. 
Population data were extracted from Statistics Finland databases [10].

2.3. Analyses

Incidence rates were initially calculated for the entire population of 
each municipality. Considering the limited nature of the MS data 
available they were only included in the primary analyses in which total 
population was used as reference. Age-standardize incidence rates (SIRs) 
were calculated using the indirect method with age-specific figures for 
global PD incidence, ALS incidence in Denmark and MS incidence for the 
entire NK as the reference data for expected number of cases [8,11,12] 
Further analyses focused on ALS and PD, for which incidence rates were 
recalculated using municipal populations >45 years of age as the de
nominator. This cut-off was chosen because during the study period 1 % 
of ALS diagnoses had been made (mean age at symptom onset 62.9 
years, mean age at diagnosis 65.1 years) and < 1 % of PD reimbursement 

Fig. 1. A) The study area, North Karelia, within Finland; B) the municipalities of North Karelia with color coding of total person-years in 2010–2018.
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entitlements had been given to persons <45 years of age in North Karelia 
[13].

The distribution of continuous data was assessed using the Shapiro- 
Wilk test and correlations were analyzed using linear regression with 
SPSS ver. 29 (IBM Corp.).

3. Results

3.1. Total population as reference

Crude incidence of ALS varied between 0 and 21.5 in men and 0–11.2 
in women, that of PD between 60.2 and 210.6 in men and 40.6–104 in 
women and that of MS between 0 and 16.5 in men and 0–15.3 in women 
(Fig. 2A-F). In no municipality was the incidence of all three disorders 
high in both sexes. The northernmost municipality, Nurmes, exhibited 
high incidence of ALS in both sexes and PD in men but low MS incidence 
for both sexes. An ALS hotspot was observed in southestern municipality 
of Tohmajärvi, driven by very high incidence in men (in whom PD 
incidence was highest in the northernmost municipality of Nurmes and 
MS incidence in the easternmost municipality of Ilomantsi). PD inci
dence appeared to be lowest in the most central municipalities, around 
the city of Joensuu whereas there had been no single MS cases diagnosed 
in many small rural municipalities. There was no apparent pattern in the 
ALS incidences. In Nurmes and Tohmajärvi SIRs were high for ALS and 
PD and low for MS whereas SIRs were well above 1 (1.3–2.4) for all 
disorders in Ilomantsi (Fig. 3A-C). In Polvijärvi and Rääkkylä the SIRs 
were low (0–0.8) for ALS and MS and average (1.0–1.2) for PD.

3.2. Population > 45 years of age as reference (ALS and PD)

In these analyses PD incidence was clearly higher in the more pe
ripheral municipalities and lower in the central ones and a particular 
cluster of low PD incidence (100.6–111.3) was apparent in the western 
municipalities of Outokumpu, Polvijärvi, Liperi and Kontiolahti 
(Fig. 4A). There was still no unambiguous pattern in ALS incidence 
(Fig. 4B). No municipality showed a high incidence of both disorders but 
the ones with the highest incidences (Kitee for PD and Tohmajärvi for 
ALS) are neighboring municipalities in the southern part of the province. 
Liperi (right next to the central city Joensuu) showed a high ALS inci
dence and a low PD incidence. There was no statistically significant 
correlation between ALS and PD incidence (p = 0.17; Fig. 5).

Ranking the incidence rates highlighted the patterns of increasing PD 
incidence towards the periphery (Fig. 6B) and showed a somewhat 
clearer opposite pattern of ALS incidence (Fig. 6A) than the crude 
incidence rates. Summing these ranks for each municipality clearly 
showed that there were no municipalities with high incidence rates of 
both and the municipalities with the highest summed ranks (Ilomantsi, 
Heinävesi, Nurmes, Tohmajärvi) were scattered across the province but 
it became apparent that the neighboring westernmost municipalities of 
Outokumpu, Polvijärvi and Juuka had quite low rates of both (Fig. 6C).

Both ALS and PD incidences were high in women in the municipality 
of Ilomantsi and ALS incidence was high in both sexes in the munici
pality of Liperi, but no other high incidence correlations were apparent 
when investigated by sex (Table 1). Both ALS and PD incidences were 
low in men in the municipality of Outokumpu and no new ALS cases 
were diagnosed for either sex in municipalities of Juuka and Rääkkylä 
during the study period.

4. Discussion

Municipal-level analyses revealed no unambiguous associations be
tween the incidences of ALS, MS, and PD in North Karelia in the 2010s. If 
anything, there were suggestions of inverse associations between 1) the 
incidences of ALS and PD which, however, was not statistically signifi
cant; 2) the age-standardized peak and trough incidence of MS and those 
of ALS and PD. Incidences of PD were higher in peripheral parts of the 

province. There were no apparent hotspots of high incidence of both ALS 
and PD, although the municipalities with the highest incidence rates of 
each disorder are neighboring municipalities in the southern part of the 
province and the western part of the province showed a tendency of low 
incidences of both diseases.

The peripheral municipalities with the highest PD incidences (Kitee, 
Lieksa, Ilomantsi, Rääkkylä, Heinävesi, Juuka) are all entirely rural. This 
aligns with previous national data showing higher PD rates in rural re
gions [14]. This is probably explained by the fact that the environmental 
factors most robustly linked with PD risk are pesticides, especially 
paraquat (97.6 tons sold in Finland before banned in 1987) [15]. In 
North Karelia, agriculture and forestry have always been a more 
important source of employment than in the rest of the country [16]. 
Correspondingly, in 2020–2019 North Karelia displayed the highest 
(although declining) age-specific incidence of PD in Finland [17].

In contrast, there are no apparent similarities between the munici
palities with the highest ALS incidences (Tohmäjärvi, Liperi, Nurmes, 
Kontiolahti, Heinävesi, Ilomantsi). Previous Finnish data also showed no 
difference in the urban/rural distribution of ALS [14,18]. Interestingly, 
the southernmost municipalities of the study (Kitee, Tohmajärvi, 
Rääkkylä, Liperi, Heinävesi and the southernmost parts of Joensuu) 
belong to the previously reported ALS cluster in southwestern Finland 
[4], but they are only partially included in the highest incidences list 
which also includes municipalities clearly outside the cluster (especially 
Nurmes). Post-World War II evacuations from the ALS cluster region 
(Ruskeala, Pälkjärvi, Värtsilä, and Impilahti) to Tohmajärvi, Liperi, 
Joensuu, and Kontiolahti may partly account for this contribution 
[19,20]. Moreover, the distribution of the strongest genetic ALS risk 
factor, C9orf72 hexanucleotide expansion, probably explains a consid
erable proportion of the cluster which clearly centered in South Savonia 
[4,21,22]. There are also many environmental factors with strong ALS 
associations: β-N-methylamino-L-alanine (BMAA), formaldehyde, man
ganese, mercury, and zinc [23]. BMAA is produced by algae and can be 
found not only in water but also seafood, and fruits and vegetables 
irrigated algae-containing water [24]. Exposure to the factors may 
therefore vary non-geographically.

Neurodegenerative disorders share common pathophysiological 
hallmarks, multiple concurrent pathologies are common and pathology- 
phenotype correlations are not absolute [25–27]. Therefore, it is not 
surprising that their prevalences have been observed to covary [2]. 
However, key pathological hallmarks differ substantially across these 
disorders and that the patterns of combined pathologies differ between 
phenotypes [25,26]. Thus, it is possible that any similarities in patho
genetic factors might be limited in many ways. Most clinical ALS cases 
are associated with pure TDP-43 pathology whereas only a third of pa
tients with clinical Lewy body disease (LBD, including PD) have pure 
Lewy body pathology [25]. TDP-43 pathology is rarely observed in 
clinical LBD cases and LBD pathology in similarly rare in ALS [25]. 
These disease-specific differences support the credibility of our observed 
lack of correlation between ALS and PD incidences observed in the 
current study is credible. Furthermore, recent studies show diverging 
incidence trends of ALS and MS in France and ALS and PD in North 
Karelia [9,17,28,29].

The current findings do not rule out common pathogenic or living- 
area related environmental factors underlying ALS, MS and PD but 
suggest that focusing on geographically tightly defined microenviron
mental factors is perhaps not crucial to discovering them. ALS and PD 
are both strongly influenced by environmental factors and appear to 
develop through multiple steps, making it important to continue 
searching for factors associated with this process [30–34]. Considering 
that people often move beyond their immediate living environment due 
to factors such as work, hobbies and social connections, it seems possible 
that any common underlying factors may be shared culturally or across 
regions larger or differently defined than municipalities (e.g. by coastal 
areas of rivers) [35]. Furthermore, since neurodegenerative disorders 
develop slowly over years or even decades before the onset of clinical 
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Fig. 2. Incidence results with the total population as the reference. A) ALS incidence in men 2010–2018; B) ALS incidence in women 2010–2018; C) PD incidence in 
men 2010–2018; D) PD incidence in women 2010–2018; E) MS incidence in men 2012–2016; F) MS incidence in women 2012–2016.
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Fig. 3. Age-adjusted standardized incidence rates (SIRs) of Multiple sclerosis (MS, 2012–2016), Amyotrophic lateral sclerosis (ALS, 2010–2018) and Parkinson’s 
disease (PD, 2010–2018) by municipality.

Fig. 4. Incidence results with the population > 45 years of age as the reference. A) ALS; B) PD.
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symptoms, the type and timing of an exposure, the resulting phenotype 
and the age at its onset all should be considered together [36]. An 
example of all of these themes converging is the Guam ALS/PDC, caused 
by exposure to genotoxic cycad seeds and exhibiting a dose-response 
effect with larger and earlier exposure leading to ALS at an earlier age 
and more modest exposure to parkinsonism and/or dementia at a later 
age [3]. The pattern of slightly diverging ALS and PD incidences in our 
data with the fact that the mean age of ALS onset in North Karelia was 
62.9 years in the current data and in 2010–2019 the mean age of PD 
onset in the province was 70.5 years (dr. Ayla Mehdiyeva, personal 
communication) suggest that a similar environmental exposure pattern 
cannot be ruled out for North Karelia.

In the current data, MS incidence in women mostly centered around 
the urban area in the middle of the province whereas that of men 
diverged more. This is in line with previous data [37]. There were no 
similarities between the general incidence pattern of MS and those of 
ALS and PD but the municipalities with the highest SIRs for ALS and PD 
had the lowest SIRs of MS. These observation are in line with previous 
reports that show the highest national-level incidence areas of ALS, MS 

and PD to be in different parts of Finland [4–6]. However, the current 
results should be approached cautiously since the MS data in the current 
study were more limited than the data on ALS and PD. In addition, there 
is a considerable difference in the age of onset of MS and the other two, 
suggesting that contemporaneous data concerning short study periods 
might even be potentially misleading if the disease drivers are depen
dent on age of exposure [36]. This is particularly relevant given that 
there is sometimes a gap of even decades before the onset of MS 
symptoms and the diagnosis. On the other hand, any prevalence data as 
an alternative may be confounded by survival trajectories that may 
change and diverge over time [38,39].

Epidemiological studies of neurodegenerative disorders may be 
skewed by the use of data of suboptimal validity [25,27,40,41]. The ALS 
and MS data in the current study were fully validated using retrospective 
patient chart review while the SSIH PD data validity should be similar to 
clinical PD diagnoses [7]. Coverage should also be complete as all ALS 
and MS diagnoses in the region are made at single secondary hospital 
and PD medication reimbursement entitlements are always sought in 
Finland. Nevertheless, it is always possible that some cases have gone 

Fig. 5. Correlation analysis of ALS and PD incidence results.
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undiagnosed and consequently not ascertained here. Probably the 
greatest weakness of the current study is the modest population size of 
the province of North Karelia which, combined with a limited ascer
tainment period, leaves the results somewhat vulnerable to normal pe
riodic fluctuations in disease occurrence. Differences in disease onset 
ages also means that the limited study period may not be optimal for 
observing possible correlations requiring longer period of time. Longer 
study periods and birth cohort studies with larger populations are hence 
needed. However, it should be noted that the limited correlation be
tween phenotype and neuropathology naturally limits our ability to 
infer conclusions on pathophysiological clues from clinical epidemio
logical data meaning that neuropathological data validation would be 
preferable but unfortunately unrealistic in large scale studies. Advances 
in disease biomarkers may, however, mitigate this problem. Of course, 
many poorly studied, or yet unidentified factors may also contribute to 
these epidemiological patterns.

In conclusion, there were no unambiguous associations between the 
incidences of ALS, MS and PD in the province of North Karelia. Never
theless, these and previous data suggest that the hunt for shared path
ogenic factors of these disorders should be continued.
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