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ABSTRACT

Finland is a high-risk region for multiple sclerosis (MS) and there are marked
regional differences in the epidemiology of MS in different parts of the country.
Though the prevalence of MS is increasing worldwide, fortunately its treatment has
developed considerably during recent decades. MS patients use health services more
than the general population and carry an increased risk of suffering infections, which
could potentially be further increased by new disease modifying therapies (DMTs).

The aim of this thesis was to evaluate regional differences in MS epidemiology in
Finland by reviewing previous epidemiological studies of MS and introducing new
epidemiological data from the western, southwestern and eastern regions of Finland.
In order to assess the changing burden of MS on the health system and the effects of
new DMTs, another aim was to investigate trends in hospital admission rates of MS
patients and the role of infections in MS-related hospital admissions in Finland and to
identify those factors predisposing to infection-related MS admissions. Data were
derived from registers of hospitals and National Institute for Health and Welfare.

We estimated an age-standardized MS prevalence of 251/100,000 in Southwest
Finland and 150/100,000 in eastern North Karelia in 2016. The highest MS prevalence of
288/100,000 was observed in South Ostrobothnia in 2007. The age-standardized MS
incidence was 9.2/100,000 person-years in Southwest Finland and 6.5/100,000 person-
years in North Karelia in 2012-2016. MS-related hospital admissions declined by 4.6%
annually representing an annual aggregate reduction of cost of hospital admissions by 51%
in Finland from 2004 to 2014. During the second study period 2009—2018, which focused
on Southwest Finland, there were declines in both the annual number of MS-related
hospital admissions and the number of infection-related admissions. Patients with
infection-related admissions were older and more often male, had longer disease durations,
more disability, more often a progressive disease and more comorbidities. DMTs were
used less often by patients with infection admissions.

Our results confirmed clear regional differences of MS epidemiology in Finland with
the highest epidemiological figures found in western and southwestern hospital districts.
Stable increase in MS prevalence was observed over five decades while incidence has
increased only since 1990s. Hospital admissions of MS patients declined during the study
periods, a time period coinciding with an increase in the use of DMTs. Infection-related
admissions lasted longer and had increased in-hospital mortality emphasizing the
importance of the prevention of infections. The association of these admissions with
advanced disease and the lesser use of DMTs underline the significance of preventing
disability progression in infection prevention in MS.

KEYWORDS: Multiple sclerosis, Epidemiology, Hospitalization, Infections,
Disease Modifying Therapies
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TIVISTELMA

Suomi kuuluu multippeliskleroosin (MS) korkean riskin alueeseen ja maassamme on
todettu alueellisia eroja taudin epidemiologiassa. MS-taudin esiintyvyys kasvaa
maailmanlaajuisesti, mutta myds taudin lddkehoito on kehittynyt nopeasti viimeisten
vuosikymmenten aikana. MS-potilaat kayttavit runsaasti terveydenhuollon palveluita
ja heilla on kohonnut infektioriski, jota uudet ladkkeet entisestddn saattavat liséta.

Témén vaitdskirjatyon tavoitteena oli tutkia aiempaa tarkemmin MS-taudin
epidemiologian alueellisia eroja Suomessa tarkastelemalla aiempia epidemiologisia
tutkimuksia ja selvittimalld uusia epidemiologisia lukuja Itd-, Lansi- ja Varsinais-
Suomessa. Jotta MS-taudin aiheuttamasta terveydenhuollon kuormituksesta ja uusien
ladkehoitojen vaikutuksista saataisiin uutta tietoa, toisena tavoitteena oli tutkia MS-
potilaiden sairaalahoitojaksojen kehitystd Suomessa ja infektioiden osuutta ndiden joukossa
seka tunnistaa sairaalahoitoa vaativille infektioille altistavia tekijoitd Varsinais-Suomessa.
Tiedot haettiin sairaaloiden ja Terveyden ja hyvinvoinnin laitoksen rekistereista.

MS-taudin ikévakioitu esiintyvyys oli vuonna 2016 Varsinais-Suomessa
251/100,000 ja Pohjois-Karjalassa 150/100,000. Korkein esiintyvyys oli 288/100,000 ja
se todettiin Eteld-Pohjanmaalla vuonna 2007. Ikdvakioitu ilmaantuvuus oli 9.2/100,000
henkilovuotta Varsinais-Suomessa ja 6.5/100,000 henkilovuotta Pohjois-Karjalassa
ajanjaksolla 2012-2016. MS-potilaiden sairaalahoitojaksot véhenivdat Suomessa
ensimmiisen  tutkimusjakson  (2004-2014) aikana 4.6%  vuodessa ja
sairaalahoitojaksoihin  liittyvdt  vuosittaiset ~ kokonaiskustannukset  vdhenivét
tutkimusjakson aikana 51%. Varsinais-Suomessa sekd kaikki MS-potilaiden
sairaalahoitojaksot ettd infektioihin liittyvédt hoitojaksot vahenivét ajanjaksolla 2009-
2018. Infektion vuoksi sairaalaan joutuneet potilaat olivat vanhempia, pidempaian MS-
tautia sairastaneita ja useammin miehid. Lisdksi heilld oli useammin etenevd MS-tauti
sekd enemmin invaliditeettid ja liitAnndissairauksia verrattuna alueen muihin MS-
potilaisiin. Verrokkipotilailla oli kdytossd MS-taudin ladkehoito useammin kuin
infektion vuoksi sairaalahoitoon joutuneilla potilailla.

Tutkimuksemme vahvisti, ettdi Suomessa on merkittdvid alueellisia eroja MS-taudin
epidemiologiassa ja taudin esiintyvyys on korkea Suomen lénsi- ja lounaisosissa. MS-taudin
esiintyvyys on noussut tasaisesti 50 vuoden aikana, mutta ilmaantuvuus on noussut vasta
1990-luvulta ldhtien. MS-potilaiden sairaalahoitojaksot vahenivét tutkimusjaksojen aikana
samanaikaisesti MS-taudin ldakehoidon yleistymisen kanssa. Infektioon liittyvat hoitojaksot
olivat muita hoitojaksoja pidempid ja sairaalakuolleisuus oli niihin liittyen korkeampi
osoittaen infektioiden ehkdisyn tirkeyden. Infektioon liittyvien hoitojaksojen yhteys
edenneeseen MS-tautiin ja viahdisempain MS-taudin lddkehoidon kayttoon korostaa taudin
tehokkaan hoidon ja potilaiden hyvén toimintakyvyn merkitystd myos infektioiden ehkaisyssa.

AVAINSANAT: MS-tauti, Epidemiologia, Sairaalahoito, Infektiot, Léékehoito
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1 Introduction

Multiple sclerosis (MS) is a chronic inflammatory demyelinating disease of the
central nervous system (CNS) typically causing a disability among young adults.
The first clear scientific description of MS was made by the French neurologist Jean-
Martin Charcot in 1868. His triad of nystagmus, scanning speech and intention
tremor was the first attempt to separate “sclérose en plaques” from many other
diseases affecting the nervous system. He was also the first scientist to publish a
paper that recognized that the prevalence of MS was not uniform but regional
differences appeared between France, Germany and England (Charcot 1877). Since
then, MS has been the subject of extensive research and much knowledge has
accumulated about the epidemiological features of MS.

Indeed, one of the marked epidemiological characteristics of MS is its uneven
distribution across the world. The lowest prevalence is observed in sub-Saharan
Africa and East Asia (<10/100,000) and the highest in North America and the
northern parts of Europe (>100/100,000) (The Multiple Sclerosis International
Federation 2020). Like the other Nordic countries, Finland belongs to the high-risk
regions of MS. The first epidemiological studies of MS in Finland were published in
the 1960s and several regional reports have been published since then. However,
research has concentrated on western Finland while there are no epidemiological MS
studies conducted in eastern Finland and only one in the southwestern high-risk area
in the era of modern diagnostic methods.

MS is associated with a major economic burden and patients with MS use health
services more than the general population (Paz-Zulueta et al. 2020; Pohar et al.
2007). The increased utilization of health services is observed already several years
before any diagnosis of MS (Marrie et al. 2013). In addition, the risk of infections as
well as infection-related mortality are increased in MS patients (Manouchehrinia et
al. 2016). A higher susceptibility to infections has been observed already in the year
before MS diagnosis (Castelo-Branco et al. 2020) and the infection risk may further
increase along with the progression of the disability and its associated functional
limitations. Treatment of MS has evolved significantly in the last 20 years and also
new high-efficacy disease modifying therapies (DMTs) may increase the risk of
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infections when compared to traditional injectable therapies (Winkelmann et al.
2016).

Epidemiological evaluations are required for allocating of health care resources
and may provide important insights into the pathogenesis of MS. In this series of
studies, we evaluated regional differences of MS epidemiology in Finland by
reviewing previous studies of MS epidemiology and evaluating new epidemiological
data on western, southwestern and eastern regions of Finland. In view of the
advances in the treatment of MS and the increasing occurrence of MS, it is essential
to gather information on health care use of MS patients in order to understand the
changing burden of MS on the health care system and to assess risks and benefits of
new DMTs. Therefore, we evaluated trends in hospital admissions of MS patients,
the role of infections in MS-related hospitalizations and factors predisposing to
infection-related hospital admissions.

12



2 Review of the literature

2.1 Etiology of multiple sclerosis

2.1.1 Pathogenesis

MS is considered to be an autoimmune disease, involving both humoral and cellular
immune systems. The pathogenesis consists of a breakdown of the blood-brain
barrier (BBB), multifocal inflammation, demyelination, loss of oligodendrocytes,
reactive gliosis and axonal degeneration (Lassmann 2019). According to the current
understanding, an infectious agent or some other environmental antigen may trigger
a loss of self-tolerance towards CNS antigens in genetically susceptible individuals,
probably by activating myelin-reactive T cells (Fujinami & Oldstone 1985). Release
of autoantigens due to cellular damage caused by a viral agent may lead to an
activation of autoreactive T cells due to molecular mimicry or bystander activation
(Geginat et al. 2017). Once activated in the periphery, myelin-reactive T cells can
migrate across the BBB. After migration into the CNS, autoreactive T cells can be
reactivated by antigen-presenting cells (APCs; dendritic cells, macrophages, B cells)
presenting the CNS autoantigens on major histocompatibility complex (MHC)
molecules to the invading T cells. This may elicit an inflammatory cascade leading
to release of cytokines and chemokines, recruitment of additional inflammatory cells
including T cells, monocytes and B cells and persistent activation of microglia and
macrophages resulting in myelin damage (Selter & Hemmer 2013).

T cells are categorised into two major subsets: CD4+ T helper (Th) cells and
CD8+ cytotoxic T cells. CD4+ T cells release cytokines and immune mediators,
which lead to attraction of macrophages and a further release of proinflammatory
cytokines. An interaction with MHC II expressing cells, such as dendritic cells,
macrophages or B cells, is required for the activation of CD4+ T cells. Th 1 cells
releasing interferon-gamma and Th17 cells secreting interleukin (IL) 17, are believed
to be the most important contributing factors in the inflammation within CNS. In
contrast, Th2 cells secreting IL 4, 5 and 10, and regulatory T cells expressing Foxp3,
are believed to have a counter-regulatory role attempting to limit Thl and Th17

13
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responses (Selter & Hemmer 2013, Hemmer et al. 2015). CD8+ T cells are believed
to be involved in the pathogenesis of MS as well as they can induce axonal pathology
by direct injury to MHC I/antigen-expressing cells, such as neurons and
oligodendrocytes (Neumann et al. 2002). Immunopathogenesis of MS is illustrated
in Figure 1.

Genetic and environmental factors
Release of CNS proteinsfinfection
Bystandar activation/molecular mimicry

Activation of autoreactive T cells

Reaclivation

|ﬁ‘erent|atlorl Actlva!lon?
Tha: IL-4, -5 -10
Thi7: IL-I7
Treg
= "\‘ Regulatory A/

functions

Antigen pressnting cel
[dhandrific cei)

CO8+ T call
Thi: IFN gamma

Cytotaxicity
Complament proteing
Matrix metalloproteinases Macropr_\age
aftraction
Release of antibodies
Parenchyma Perivascular space and meninges

Lymph node T
Neuron Pmlnflarnma!ory cytokines
Oligodendrocyte O
Activation of microglia
Demyelination, a,o“” d : gli remyeli Re:ru]tmanl of monacytes/macraphages
Heleasa of further autoantigans

Epitope spreading

Figure 1. Immunopathogenesis of multiple sclerosis. CNS, central nervous system; IFN,
interferon; IL, interleukin; NK cell, natural killer cell; Treg, regulatory T cell (Selter &
Hemmer 2013, reprinted with permission from Dove Medical Press).

There is increasing evidence indicating that the B cells are involved in the
pathogenesis of MS. B cells can differentiate into plasma cells and secrete
autoantibodies that contribute to CNS inflammation. B cells are also important APCs
in both the peripheral immune system and the CNS. They can recognize and
internalize the CNS antigens and act as APCs to activate CNS-specific pathogenic T
cells. Furthermore, different subsets of B cells in the CNS can modulate T cells and
myeloid cell functions via the secretion of pro-inflammatory and anti-inflammatory
cytokines (Hemmer et al. 2015).
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Oligodendrocyte damage and demyelination occur as a result of the
inflammation described above. Focal demyelinated lesions can be partly or
completely repaired by remyelination. Axons are better preserved in the early stages
of the disease but irreversible axonal damage develops as the disease progresses
(Trapp et al. 1998). Inflammation is more pronounced in patients with relapsing
remitting MS (RRMS) and neurodegenerative events are more severe in the
progressive stage of the disease. During the progressive phase of MS, the
contribution of the peripheral immune system decreases. CNS pathology changes
from focal to diffuse white matter injury associated with microglia activation and
diffuse lymphocytic and monocytic infiltrates and an increasing cortical involvement
(Lassmann 2019).

2.1.2 Genetic risk factors

The interactions between susceptibility genes and the environment are believed to
contribute to the development of MS. Evidence for a genetic background is found in
the clustering of MS patients in families and the high disease concordance rate in
monozygotic (MZ) twins. Twin studies have demonstrated an excess of MZ over
dizygotic (DZ) concordance pointing to the importance of genetic factors in the
etiology of MS. The MS risk of first-degree relatives of MS patients was shown to
be 2-5% whereas in MZ twins of MS patients it was many times higher i.e. 25-30%
(Sadovnick et al. 1993). In a Danish population study, first-degree relatives of MS
patients had a sevenfold increased risk of MS compared with the background
population (Nielsen et al. 2005). In the Finnish twin study conducted in 2008, the
concordance for MZ twins was 30% and 14% in DZ twins. Concordance of MS in
DZ twins had increased during the past two decades and the heritability estimate was
low at 15.3%, suggesting that the reported increase in MS incidence in Finland had
been predominantly caused by environmental factors (Kuusisto et al. 2008).
Genome-wide association studies (GWAS) have identified more than 200 genes
linked to MS (Bashinskaya et al. 2015). In the human leukocyte antigen (HLA)
region of chromosome 6, there is a group of genes associated with an increased MS
risk. The strongest association has been observed with the HLA DRB1*15:01 allele
with an average odds ratio (OR) of 3 (Hollenbach & Oksenberg 2015). This gene
variant is not uncommon as it is carried by 25-30% of the population in northern
Europe. Risk alleles of HLA have been associated with an earlier MS onset in women
(Isobe et al. 2016). The strongest known protective MS gene variant is HLA A02
with an OR of 0.6 while the combined OR of presence of DRB1*15:01 and absence
of HLA AO02 is approximately 5 (Brynedal et al. 2007; Sawcer et al. 2011). In
addition to these, GWAS have identified genetic variants with minor effects,
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including 201 non-MHC and 32 MHC variants. In particular, an enrichment for MS
genes has been seen in human microglia, suggesting that these may have a role in
targeting an autoimmune process to CNS (International Multiple Sclerosis Genetics
Consortium 2019). In addition, the genes involved in antigen presentation and
lysosomal function have shown a substantial differential expression in MS patients”
samples compared to controls and thus provided support for the concept that these
genes participate in the mechanisms behind MS (Li et al. 2021).

213 Environmental risk factors

Several environmental factors have been shown to contribute to the development of
MS as well as progression of the disease. Migration studies support the role of
environmental exposure and suggest that these factors exert their effect early in life
(Kurtzke 2013). In a recent nationwide study in Denmark, the MS risk among first-
generation immigrants migrated to Denmark before puberty was lower compared to
ethnic Danes but higher compared to their country of birth while the MS risk among
those individuals who migrated at a later age remained closer to their country of
origin (Nielsen et al. 2019). Similar results have been observed in Sweden and
Norway (Ahlgren et al. 2012; Berg-Hansen et al. 2015). In a Canadian study, the MS
risk among immigrants increased with longer residence in new high-risk region and
decreased with age at arrival. However, a considerable risk persisted even with
migration in adulthood, suggesting that envinronmental exposures may influence the
MS risk also beyond childhood and adolescence. The risk of developing MS varied
also widely by region of origin, pointing out the importance of genetic susceptibility
(Rotstein et al. 2019).

The association between increasing latitude and MS risk has been observed for
decades. Correlating with latitude, exposure to sunlight has been connected with MS
susceptibility and a low sunlight exposure in childhood and adolescence has been
observed to increase the MS risk (Bjernevik et al. 2014). Month of birth and thus
sunlight exposure during pregnancy also appear to influence the MS risk; it has been
found to be significantly greater for people born in May than in November (Willer
et al. 2005). Vitamin D is likely the major link between sunlight exposure and MS
risk but ultraviolet B rays (UVB) may also have a beneficial role in immunity
through a specific immunomodulatory effect independent of vitamin D synthesis
(Lucas et al. 2015).

The main mechanism of action of vitamin D in MS appears to be
immunomodulatory and involves various categories of T and B lymphocytes in the
general immune system. Vitamin D insufficiency is a clear risk factor for MS and
increasing serum levels of 25-hydroxyvitamin D (250HD) have been shown to
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decrease the risk of MS (Munger et al. 2006). The risk of developing MS was
reduced by 41% in women taking 400 IU or more vitamin D per day compared with
women not taking vitamin supplement (Munger et al. 2004). The risk associated with
vitamin D insufficiency may start early i.e. a large case-control study in the Finnish
Maternity Cohort observed that children of women with vitamin D deficiency early
in their pregnancy had a nearly doubled risk for developing MS as an adult (Munger
et al. 2017). In addition to MS susceptibility, vitamin D levels also affect the course
of MS. Higher 250HD levels have been demonstrated to predict reduced MS relapse
activity and as a lower rate of progression over the 5 years of follow-up (Ascherio
et al. 2014).

Many viral infections have been suspected to have an association with MS but
only Epstein-Barr virus (EBV) has been shown to be a consistent and strong risk
factor. When compared with the population without EBV infection, about a 10-fold
greater MS risk has been observed in individuals with an undiagnosed EBV infection
in childhood and at least a 20-fold greater MS risk in population with clinical
mononucleosis (Ascherio & Munger 2007). High EBV seropositivity rates have been
consistently observed among patients with MS or clinically isolated syndrome (CIS).
In a recent large cohort study, 100% of 901 patients with RRMS or CIS were EBV-
seropositive. In comparison, the population EBV seropositivity increased with age
and was >98% in a population aged 45—79 but did not reach 100% in any age group
(Abrahamyan et al. 2020). The EBV seropositivity is clearly less common in children
and pediatric MS patients have shown to be significantly more likely than healthy
controls to have serological evidence of a prior EBV infection (83% vs. 42%)
(Alotaibi et al. 2004).

Cigarette smoking is another known risk factor for MS. The risk of MS increases
with duration and intensity of smoking and is stronger in men than in women
(Poorolajal et al. 2017). Recent systematic review and meta-analysis showed that
smoking increases the MS risk by 50% and SPMS risk by 80% (Degelman &
Herman 2017). Smoking is also associated with a greater MRI lesion load and brain
atrophy, even in the earliest disease phase (Zivadinov et al. 2009). In contrast, a
Swedish case-control study reported that use of oral snuff was not associated with
an elevated risk for MS; in fact, a greater use of snuff rather decreased the risk of
developing MS (Hedstrom et al. 2009). In addition, some evidence supports an
association between organic solvent exposure and MS (Landtblom et al. 2019).

Considering the growing worldwide obesity epidemic and the increasing
prevalence of MS, the relationship between obesity and MS has also been a subject
of research. A prospective study of over 200,000 US women found an association
between obesity in late adolescence (age 18) and more than a doubled risk of MS
(Munger et al. 2009). In a Danish study, a higher BMI during childhood and early
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adolescence was also associated with an increased MS risk but mainly only among
girls (Munger et al. 2013). Similar findings have been reported from Norway
(Wesnes et al. 2015). In the UK Biobank study, the effect of childhood obesity on
MS risk was greater among individuals with a high genome-wide genetic risk
(Jacobs et al. 2021).

All things considered, it is likely that many environmental risk factors are at play
and that the development of MS results from a complex interplay between
susceptibility genes and different environmental factors. Genes may alter the
susceptibility to environmental factors and the environment may also influence gene
expression. Studies of these interactions have focused on known risk genes. In the
presence of a risk gene variant HLA DRB1*15:01 and the absence of the protective
HLA AQ2, interactions have been demonstrated with EBV infection, smoking and
adolescent obesity. The consequence of these gene-environment interactions is a
higher than expected combined OR on the basis of the sum of the effects associated
with each factor individually (Waubant et al. 2019). However, causality remains
challenging to establish for many environmental factors and further studies are
warranted to explore the etiology of MS (Magalhaes et al. 2015).

2.2 Epidemiology of multiple sclerosis

2.2.1 Global epidemiology

Already in the 1970s, the incidence and prevalence of MS were observed to increase
with latitude north or south of the equator (Kurtzke 1975). However, the latitude
gradient of MS incidence has been observed to attenuate over time and even the
presence of this gradient has been questioned recently in the northern hemisphere
(Alonso & Hernan 2008; Koch-Henriksen & Serensen 2010). In Australia and New
Zealand, the gradient is still apparent (Koch-Henriksen & Serensen 2010). The
prevalence of MS has been mainly shown to follow this gradient even in latest meta-
analyzes but also an inverse gradient above 60° north latitude has been reported
(Simpson et al. 2011, 2019). In Europe, MS prevalence and incidence are higher in
the Nordic countries and northern regions of the British Isles, supporting the role of
latitude (Kingwell et al. 2013). Within the Nordic countries, a latitudinal prevalence
gradient has been observed in Sweden but not in Norway (Ahlgren et al. 2011; Berg-
Hansen et al. 2014). The prevalence estimates of MS worldwide are illustrated in
Figure 2.
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Figure 2. The prevalence estimates of MS per 100,000 worldwide. Modified from The Multiple
Sclerosis International Federation 2020.

The increase in epidemiological estimates of MS in Nordic countries has been
concurrently reported. In Norway, the prevalence has increased by 10-fold during
the past five decades and the nationwide MS prevalence was high at 208/100,000 in
2013. The incidence has also increased during the last half century but regional
differences in this rate can be observed (Grytten, et al. 2015, 2016; Willumsen et al.
2020; Benjaminsen et al. 2014). In Sweden, the nationwide MS prevalence of
189/100,000 was reported in 2008 and the incidence of 10.2/100,000 person-years
in 2001-2008 (Ahlgren et al. 2011; Ahlgren et al. 2014). A steady increase in MS
prevalence and incidence in Iceland has also been observed (Sveinbjornsdottir et al.
2014). Extensive epidemiological data is derived from prospective Danish MS
Registry showing that MS incidence has increased steadily from the 1950s to the
2000s simultaneously with the increasing prevalence (Bentzen et al. 2010; Koch-
Henriksen et al. 2018).

In addition to Northern Europe, North America is a region with a high MS
occurrence. A high nationwide prevalence estimate of 309/100,000 in US population
aged over 10 years was reported in 2010 with an increasing prevalence gradient from
south to north (Wallin et al. 2019). Canadian studies have reported increasing MS
prevalence concurrently with a stable incidence suggesting that declining mortality
and longer survival may well explain the rising prevalence rates (Kingwell et al.
2015; Rotstein et al. 2018). In Australia, a nationwide MS prevalence of 104/100,000
was observed with a persisting latitude gradient while the prevalence in southern
Tasmania was almost double compared to northern Queensland (Ahmad et al. 2018).
In contrast, low prevalence rates have been reported in Eastern Asian and Latin
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American populations (Cristiano & Rojas 2017; Eskandarieh et al. 2016).
Epidemiological figures are also low in Africa but the studies are scarce or
nonexistent in most countries (Heine et al. 2020).

The mortality and survival of MS patients have an important impact on
epidemiological figures. MS patients have an increased risk of premature death
compared to the general population, and a reduced life expectancy has been reported
to range from 7 to 14 years from data from several large cohort registries (Scalfari
et al. 2013). DMTs have been demonstrated to prolong survival (Goodin et al. 2012)
but in a Danish nationwide register study, the decrease in excess mortality of MS
patients was observed to start already decades before the introduction of DMTs
(Koch-Henriksen et al. 2017). However, a recent meta-analysis of mortality studies
in MS suggested that the excess mortality has not changed over the past 50 years
when compared to the general population but the increase in the survival of MS
patients rather parallels the increased life expectancy in the general population.
Death due to cardiovascular disease, suicide and infection was higher in MS patients
in comparison to the general population and there was increased mortality in women
with MS than in their male counterparts (Manouchehrinia et al. 2016). However,
unchanged excess mortality can be questioned as studies included in meta-analysis
were compared only by midyear of their follow-up while longitudinal studies
conducted in the same population have observed a reduction in this excess mortality
rate (Bronnum-Hansen et al. 2004; Koch-Henriksen et al. 2017).

2.2.2 Prevalence in Finland

Even the first epidemiological studies of MS in 1964 showed that the geographical
distribution of patients was not even but concentrated in the western and
southwestern parts of Finland (Figure 3). Data consisted of all MS cases diagnosed
in hospitals in the period 1955-1965 or in individuals drawing a national pension for
MS. The prevalence was highest in the districts of South Ostrobothnia, Vaasa, Turku
and Aland and lowest in eastern districts of Finland (North Karelia, Kainuu and all
three regions of Savonia). No correlation was observed between the distribution of
MS patients and medical facilities. Rinne et al. explained the low nationwide
prevalence (20.1/100,000) by the stringency of the patient ascertainment in the
absence of diagnostic criteria and the actual prevalence was estimated to be 30—
40/100,000 (Rinne et al. 1966; Rinne et al. 1968).
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Figure 3. The prevalence of MS per 100,000 in the first nationwide study conducted by Rinne et
al. in 1964.

In another nationwide study in the beginning of 1972, MS prevalence matched the
earlier extrapolated estimate being 39.6/100,000. The highest prevalence rates were
again from the western and southwestern counties with the lowest rates from eastern
and southeastern counties. A narrow zone with a lower MS prevalence was revealed
in the country’s western coast of the mostly Swedish-speaking residents (Wikstrém
& Palo 1975).

MS prevalence was re-evaluated in western Vaasa and South Ostrobothnia and
southern Uusimaa in the beginning of 1979. A three-fold increase in prevalence since
1964 was observed. While incidence figures were stable, improved registration of
patients was considered as most likely to explain the change in prevalence (Kinnunen
et al. 1983). Sumelahti et al. reassessed MS prevalence in the same areas from 1983
to 1993. The prevalence increased in every region during the study period with the
highest rates (200-300/100,000) being reported in the southern and western parts of
South Ostrobothnia. In South Ostrobothnia, a 1.7-fold increase in prevalence during
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the study period was observed in both genders whereas in Uusimaa the increase was
largely due to the elevated prevalence rates in women. The simultaneous increase in
MS incidence and prevalence was only reported in the male population of South
Ostrobothnia while the incidence was stable or decreased among other populations
(Sumelahti et al. 2001).

In Vaasa, South Ostrobothnia and Pirkanmaa, the MS prevalence increased
further by 45% from 2000 to 2010 and age-standardized prevalence (European
Standard Population (ESP) 2013) was 192/100,000 in the whole western area in the
end of 2010 (Murtonen & Sumelahti 2019). The first epidemiological MS study since
1970s in northern Finland, estimated the prevalence as 103/100,000 in North
Ostrobothnia at the end of 2007 (Krdkki et al. 2011). At the end of 2012, a high MS
prevalence of 213/100,000 was reported in the hospital district of Southwest Finland
(Aivo et al. 2017). MS prevalence rates in the regional MS studies conducted in
different hospital districts are summarized in Table 1.

Table 1. Prevalence of MS per 100,000 in regional studies of different hospital districts of Finland.

1979 1983 1993 2000 2007 2010 2012

Southwest 213f
Finland

Vaasa 102° 107° 214¢

South 116° 188P 282°
Ostrobothnia

Pirkanmaa 149¢
Uusimaa 522 69° 93P
Central Finland 39¢ 59¢ 105¢

North 1034
Ostrobothnia
aKinnunen et al. 1983, * Sumelahti et al. 2001, ¢ Sarasoja et al. 2004, ¢ Krokki et al. 2011,  Murtonen
& Sumelahti 2019, fAivo et al. 2017.

223 Incidence in Finland

The first study concerning MS incidence in Finland, was conducted in the western
high-risk province of Vaasa and South Ostrobothnia and the southern medium-risk
province of Uusimaa 1964-1978. The total incidence remained stable during the
study period, but was higher in Vaasa and South Ostrobothnia (3.3/100,000) than in
Uusimaa (2.2/100,000) (Kinnunen 1984). The incidence of MS was reassessed in the
same area during 1979-1993. The regional difference between the areas remained as
the incidence was 11.6/100,000 in South Ostrobothnia and 5.1-5.2/100 000 in Vaasa
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and Uusimaa. An increasing incidence trend was observed in South Ostrobothnia,
especially in men, while the incidence remained stable in Uusimaa and decreased in
Vaasa (Sumelahti et al. 2000). In Central Finland, the MS incidence was stable from
1979 to 1993 (3.8/100,000) but increased up to 9.2/100,000 in 1994—1998. The rapid
increase in the incidence was considered to be due to the improved diagnostics as
MRI became available in the area in 1994. However, no change was observed in a
diagnostic delay (Sarasoja et al. 2004).

In 1981-2010, the incidence of MS was studied in the western Pirkanmaa, South
Ostrobothnia and Vaasa. From 1980s to 1990s, incidence doubled in Vaasa and
South Ostrobothnia whereas a mild increase was observed in Pirkanmaa during the
entire study period. The highest incidence of 15.3/100,000 was reported in South
Ostrobothnia in 1991-2000. The MS risk in South Ostrobothnia was nearly doubled
that of Vaasa and Pirkanmaa (Holmberg et al. 2013). The MS incidence increased
also in North Ostrobothnia in 1992-2007 due to a pronounced rise in the female
incidence (Krokki et al. 2011). In North Savo in 2004-2012, MS incidence was
stable at 5.9/100,000 (Metséniitty & Remes 2016). The incidence rates in different
hospital districts are summarized in Table 2.

Table 2. Incidence of MS per 100,000 person-years in different hospital districts.

1964— | 1969—| 1974— | 1979— | 1979—- | 1981—| 1987— | 1991—- | 1992—- | 1994— | 2001
1968 | 1973 | 1978 | 1986 | 1993 | 1990 | 1993 | 2000 | 2007 | 1998 | 2010

2004
2012

Vaasa

South

Ostrobothnia

Vaasa
South

Ostrobothnia
Pirkanmaa 5.1¢ 6.5¢ 8.2¢
Uusimaa 20 | 272 | 192 | 5.1° 5.2°
Central 3.8¢ 9.2¢

Finlan

North

Ostrobothnia

North

6.0° 579 | 3.3° | 11.7¢ 11.7¢
9.4b 7.19 | 11.6° | 15.3¢ 14.7¢

+ 3.12 | 3.62 | 3.12

d
6.3¢

Savo

aKinnunen 1984, ® Sumelahti et al. 2000, ¢ Sarasoja et al. 2004, ¢ Holmberg et al. 2013, © Krokki et
al. 2011, fMetsaniitty & Remes 2016.
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224 Regional differences

The only nationwide epidemiological MS studies in Finland were conducted in the
1960s and 1970s. However, several regional studies conducted during the past
decades have demonstrated that MS occurrence is still unevenly distributed in
Finland. The MS epidemiology in western regions of Vaasa, South Ostrobothnia and
Pirkanmaa has been a subject of particular research while no epidemiological studies
have been conducted in eastern Finland since 1970s.

MS prevalence and incidence have consistently been highest in the western
region of South Ostrobothnia and especially in its southern area of Jalasjarvi. The
western area can be divided into three distinct regions based on their historical
settlement: coastal region of Vaasa with MS prevalence of 107/100,000 in the end
of 1993 was settled by Swedes during the 13th century, northern South Ostrobothnia
with MS prevalence of 136/100,000 was inhabited later in the 16th century with a
population moving from eastern Finland and southern South Ostrobothnia with
highest MS prevalence of 219/100,000 was populated from the 13th century onwards
from individuals living in southwestern Finland. The distinctive settlement history,
historical link with southwestern high-risk foci and molecular genetic evidence have
been thought to suggest that a founder effect may be behind the high MS risk in
western Finland (Tienari et al. 2004).

Wikstrom et al. studied further the high-risk western county for MS in the level
of single communes, villages and even houses in 1972. A clustering of the
birthplaces of MS patients was found in the small high-risk area of Jalasjirvi and
along its nearby rivers. This accounted for every fourth of the MS patients born in
the whole area and thus it was higher than expected (16%). The MS prevalence was
60.7/100,000 in the western county and 11% of MS patients born in the high-risk
area of Jalasjérvi had a positive familial history of MS. In Helsinki, the prevalence
was 44.2/100,000 but only 2% of MS patients born in Helsinki had a positive familial
history of MS. The findings could not be explained by chance and the author
suggested that pronounced the clustering of the birthplaces in the small high-risk
area seemed to highlight the importance of environmental influences in early
childhood rather than genetic factors (Wikstrom 1975).

Several investigators have suggested that possible environmental exposures
exert their effect early in life. After the Second World War, the majority of the
southeastern province of Viipuri was ceded to the Soviet Union and its population
0f 406,000 was evacuated to other parts of Finland. In 1971, MS prevalence among
the war evacuees was observed to be only half of that found among the nonevacuated
population and no accumulation of MS was found among the evacuees living in the
high-risk areas (Jokelainen et al. 1979). Contemporary immigrant studies also seem
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to point to the importance of environmental exposures in childhood or adolescence
in the etiology of MS (Nielsen et al. 2019; Ahlgren et al. 2012; Berg-Hansen et al.
2015).

2.2.5 Gender differences

In the beginning of the 20th century, MS was considered as a male predominant
disease (Brain 1930). However, men were probably more likely to receive a
diagnosis as they needed to remain capable of functioning and providing for their
family. Furthermore, a misdiagnosis of hysteria in women was not uncommon at the
same time (Stone et al. 2005). Since then, the MS incidence has increased especially
in women and the female/male (F/M) ratio has reversed to 2-3 (Koch-Henriksen &
Serensen 2010). A comparison of F/M ratio in MS populations from different
geographical regions revealed an increased F/M ratio over time in RRMS and also
demonstrated that there was a latitude gradient in this increase (Trojano et al. 2012).
No such similar increasing of the F/M ratio was seen in PPMS (Sumelahti et al. 2014;
Westerlind et al. 2016). A recent nationwide population-based study from Denmark
reported that the MS incidence had more than doubled in women from 1950 to 2009,
while it increased only modestly in men. The increase in the incidence was most
pronounced in women older than 50 years (Koch-Henriksen et al. 2018).

In Finland, the F/M ratio in MS prevalence was only barely over 1.0 in the first
epidemiological study conducted in 1964. However, regional differences in the ratio
were observed, since there were more female patients in the largest hospital districts
of Helsinki, Tampere and Turku (F/M ratio 1.5-1.8) (Rinne et al. 1968). A change
in this ratio was observed already in the first Finnish MS incidence study performed
in 1964—-1978 as the F/M ratio in incidence increased from 1.2 to 2.0 in Uusimaa and
from 1.0 to 2.2 in Vaasa and South Ostrobothnia during the study period. The total
incidence remained stable; evidence of an increased incidence in women and a
decreased incidence in men (Kinnunen 1984), thus suggesting that women'’s
facilitated access to medical services could not explain the changing ratio. Since
then, the F/M ratio in new MS diagnoses has remained mainly over two in Finnish
studies but some regional differences can be seen. In Vaasa and South Ostrobothnia,
the F/M ratio showed a slight increase still in the 2000s (Holmberg et al. 2013). The
F/M ratios in different hospital districts are summarized in Table 3.
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Table 3. Female to male ratio in MS incidence in different hospital districts in Finland.

1964—- | 1974- | 1979- | 1979- | 1981— | 1991 | 1992- | 2001- | 2004
1968 | 1978 | 1993 | 1998 | 1990 | 2000 | 2007 | 2010 | 2012

Vaasa 2.2 1.84 2.1d 2.8d

South 1.6° 1.84 1.9¢ 2.3d
Ostrobothnia

Vaasa + South 1.02 2.22
Ostrobothnia

Pirkanmaa 2.54 2.1d 2.24
Uusimaa 1.22 2.0? 2.4b
Central Finland 2.2¢

North 2.2¢°
Ostrobothnia

North Savo 2.4

aKinnunen 1984, ® Sumelahti et al. 2000, ° Sarasoja et al. 2004, ¢ Holmberg et al. 2013, ¢ Krokki et
al. 2011, fMetsaniitty & Remes 2016.

The reasons for the increasing F/M ratio are unknown but a multifactorial
explanation is likely and such rapid change point to environmental rather than
genetic factors. Especially Western women'’s lifestyles have changed over the past
50 years, including changes in smoking, obesity, nutrition, hormonal therapies and
later and fewer childbirths. However, it is noteworthey that studies from Iran and
Kuwait have reported similarly an increasing F/M ratio in MS patients despite
probably less evident changes in women's lifestyle (Alshubaili et al. 2005; Maghzi
et al. 2010).

It is known that in particular women's smoking has increased since the middle
of the last century and may partly explain the increasing F/M ratio in MS incidence.
Indeed, a correlation between changing smoking patterns in men and women and the
increasing F/M ratio in MS incidence has been observed (Palacios et al. 2011). Fewer
childbirths may also contribute as MS patients have been observed to have fewer
pregnancies and childbirths within five years before the clinical MS onset when
compared to controls (Magyari et al. 2013). Concurrently with reducing childbirths,
women’s age at first childbirth has increased but this has not been observed to
influence the MS risk (Magyari et al. 2013; Westerlind et al. 2014). In addition, the
use of oral contraceptives has not been shown to have exerted any major impact on
the MS risk (Alonso & Clark 2009).

In addition to these hormonal factors concerning only women, women are more
susceptible to some environmental factors than men. For example, vitamin D3 has
stronger immunomodulatory effects in female MS patients compared to male MS
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patients and healthy controls (Correale et al. 2010), and obesity in childhood has
been found to be a stronger risk factor for MS in girls than in boys (Munger et al.
2013). Changes in these environmental and lifestyle factors over the last half century
may have contributed to the increased F/M ratio in MS incidence.

2.3 Clinical multiple sclerosis

2.3.1 Clinical course

Clinically isolated syndrome (CIS) is the initial presentation in 85% of MS cases and
it encompasses an acute clinical episode affecting one or more CNS areas. The
clinical features depend on the areas of the brain or spinal cord involved, typically
optic nerves, brainstem or spinal cord. Around two-thirds of patients with CIS
assessed with MRI exhibit multiple white matter brain lesions suggestive of
demyelination. It seems that the long-term risk for clinically definite MS to be 60—
80% when lesions are present and 20% when the MRI scan is normal apart from the
symptomatic lesion (Miller et al. 2012). Furthermore, the number of these lesions,
the presence of oligoclonal bands (OCBs) in the cerebrospinal fluid (CSF) and a
lower age at CIS onset are all associated with increased risk of conversion from CIS
to clinically definite MS. In CIS patients with both OCBs and a high number of brain
lesions (>9), an 86% risk of conversion to MS has been reported within five years
(Kuhle et al. 2015).

In 85% of MS patients, the clinical course at onset is relapsing remitting.
Relapses are episodes of neurological dysfunction lasting at least 24 h in the absence
of infection or metabolic disturbances. Relapses result in residual deficits in almost
half of attacks, which lead to a stepwise accrual of impairment (Lublin et al. 2003).
In some 80% of RRMS patients, the relapsing course is followed by a secondary
progressive disease course within 20 years (Kremenchutzky et al. 2006). SPMS
consists of periods of progression with possible superimposed relapse activity. There
are no available paraclinical markers of progression and diagnosis of SPMS is based
on clinical grounds. In a recent study of 15,717 global MS patients, older age, a
longer disease duration, a higher EDSS score, a more rapid disability trajectory and
a greater number of relapses in the previous year were associated with an increased
risk of conversion to SPMS, while improving disability and DMT exposure were
associated with a lower risk (Fambiatos et al. 2020). A typical clinical course and
MRI activity of RRMS is shown in Figure 4.
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Figure 4. Typical clinical and MRI activity of RRMS. MRI activity indicates an inflammatory
process visible with brain MRI as Gadolinium-enhancement or a new T2 lesion. Loss of
brain volume and an increase in the disease burden (total volume of lesions) are
indicative of permanent tissue damage (Fox and Cohen 2001, reprinted with permission
from Cleveland Clinic Journal of Medicine).

Primary progressive multiple sclerosis (PPMS) is diagnosed in 10-15% of MS
patients. PPMS is characterized by a slow progression of disability over time,
typically without clear relapses or remissions, though phases of stability or
fluctuations in disability may still occur. It is considered part of the spectrum of
progressive MS phenotypes and the progression of disability proceeds typically at a
similar rate in PPMS and SPMS. Compared to relapse-onset multiple sclerosis,
PPMS patients are older at onset and a higher proportion are men (Miller & Leary
2007).

The disability progression in MS is measured using the established assessment
scale of Kurtzke Expanded Disability Status scale (EDSS), which has a scoring range
from O to 10. Early accumulation of disability is mostly driven by incomplete
recovery from relapses, while neurodegeneration has a more important role in later
phases of the disease. Regardless of the onset type of MS, the disability seems to
progress at the same rate among all patients after a certain threshold is reached.
Several patient registries show that progression after EDSS 4 occur at a predictable
rate similar across MS phenotypes (Hurwitz 2011). However, a change to a milder
direction in the disease course of MS has been observed during the past decade as
patients appear to reach disability milestones at an older age. The improved
prognosis has been suggested to result from changes in the diagnostic criteria and
epidemiology of MS, impact of wider and earlier use of DMTs and an improvement
of the patients’ general state of health (Sorensen et al. 2020).
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The term “benign MS” is used to describe patients with a mild disease course
over first 10-20 years of the disease. The most common definition has traditionally
been a disease duration of 15 years and an EDSS value of 3 or lower (Reynders et
al. 2017). However, these criteria are based on EDSS alone and neglect
neuropsychological symptoms, for example, a relatively high unemployment rate
has been observed in these patients with benign MS. Therefore, stricter criteria
consisting of ability to work, absence of disability and EDSS <1 have been
suggested. With these stricter criteria, only 5% of a large German MS cohort were
classified as having a benign disease course while with the earlier criteria, it appeared
to be present in as many as 42% of these patients. A relapsing disease course,
younger age at disease onset and female gender have been associated with a more
favorable disease course (Ellenberger et al. 2020).

Pediatric-onset MS (POMYS) is generally defined as MS with an onset before the
age of 16 years. It has distinctive features and the disease course is typically different
compared to adult-onset MS. Relapses appear to be more frequent in POMS patients
and progression may be slower due to neuroplasticity but nonetheless, disability is
reached at a younger age. POMS is more difficult to diagnose than adult-onset MS
and it is considered underdiagnosed and undertreated (Alroughani & Boyko 2018).

2.3.2 Diagnostics

The first and purely clinical diagnostic criteria for MS were developed by
Schumacher et al. in 1965. A clinically definite diagnosis required objective
evidence for the disease affecting at least two white matter areas of the CNS and
occurring in at least two episodes lasting more than 24 hours and separated by one
month or more. Alternatively, gradual progression over six months was required.
According to these criteria, age of MS onset was restricted to 10-50 years
(Schumacher et al. 1965). Clinical criteria were supplemented by paraclinical
evidence using neuroimaging, cerebrospinal fluid (CSF) and evoked potentials in the
Poser criteria issued in 1983. Patients were subclassified to have probable or definite
MS, which could be laboratory-supported in the presence of OCBs in CSF or
increased CNS synthesis of immunoglobulin G (IgG) (Poser et al. 1983). The
diagnostic criteria of definite MS proposed by Poser are summarized in Table 4.
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Table 4. Diagnostic criteria for definite MS by Poser. Modified from Poser et al. 1983.

Number of Clinical Paraclinical CSF
relapses evidence evidence OCBs/IgG
Clinically 2 2
definite 2 1 and 1
Laboratory- 2 1or 1 +
supported 1 2 +
definite 1 1 and 1 +

CSF, cerebrospinal fluid; IgG, immunoglobulin G; OCB, oligoclonal band.

With the advance of neuroradiological techniques and the increased availability of
MRI, the McDonald criteria were developed by the International Panel on Diagnosis
of Multiple Sclerosis in 2001 giving more weight to MRI in the diagnosis of MS
(McDonald et al. 2001). Since then, the McDonald criteria have been revised in
2005, 2010 and most recently in 2017 (Polman et al. 2011, 2005; Thompson et al.
2018). The diagnosis of MS is based on both clinical features including the history
and neurological examination findings and paraclinical measures including MRI and
CSF examination. A demonstration of dissemination of lesion in space (DIS) and
time (DIT) and exclusion of other neurological conditions is required. Revisions to
the McDonald MRI criteria are summarized in Table 5 and current 2017 McDonald
diagnostic criteria for RRMS and PPMS in Table 6. Earlier diagnosis has become
more important with the availability of DMTs for MS and each revision of the
diagnostic criteria has allowed an earlier and more accurate diagnosis of MS. The
revised criteria have been shown to facilitate an earlier MS diagnosis especially in
patients with CIS (Brownlee et al. 2015; Schwenkenbecher et al. 2019).
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Table 5. Evolution of MRI criteria for dissemination in space and time, McDonald criteria.
Modified from McNicholas et al. 2018.
McDonald 2001 |McDonald 2005 |McDonald 2010 | McDonald 2017
DIS 23 of the 23 of the =1 lesions in each | 21 lesions in each
following: following: of 22 of 22
9 T2lesionsor1 |9 T2 lesions or 1 |characteristic characteristic
Gd-enhancing Gd-enhancing locations: locations:
lesion lesion PV PV
=23 PV lesions 23 PV lesions JC JC/Cortical
=1 JC lesions =1 JC lesions IT IT
21 IT lesions 21 IT lesions Cord Cord
A cord lesion can | A cord lesion can |All lesions in All lesions in
replace one brain |replace an symptomatic symptomatic
lesion infratentorial regions excluded |regions included
lesion in BS and cord
syndromes
Any number of
cord lesions can
be included in the
total lesion count
DIT A Gd-enhancing |A Gd-enhancing |A new T2 lesion |A new T2 lesion

lesion at least 3
months after CIS
onset

A new T2 lesion
relative to a prior
scan, at least 3
months after CIS
onset

lesion at least 3
months after CIS
onset

A new T2 lesion
relative to a
baseline scan,
obtained at least
30 days after CIS
onset

on follow-up MRI
regardless of
timing or baseline
scan

Concomitant
enhancing and
non-enhancing
asymptomatic
lesions

on follow-up MRI
regardless of
timing of baseline
scan

Concomitant
enhancing and
non-enhancing
lesions —
symptomatic or
asymptomatic
(optic nerve
lesions are an
exception)

BS, brainstem; CIS, clinically isolated syndrome; DIS, dissemination in space; DIT, dissemination

in time; Gd, Gadolinium; IT, infratentorial; JC, juxtacortical; PV, periventricular.
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Table 6. 2017 McDonald diagnostic criteria for RRMS and PPMS. Modified from Thompson et

al. 2018.

Number of attacks Number of lesions with Additional criteria for diagnosis
objective clinical evidence |of MS

22 22 None

22 1 DIS: further attack or MRI

1 2 DIT: further attack or MRI or OCB

1 1 DIS and DIT

0 One year of disease progression

and 2/3:

- 21 cranial lesions:
periventricular,
cortical/juxtacortical or
infratentorial

- 22 cord lesions

- Positive CSF

CSF, cerebrospinal fluid; DIS, dissemination in space; DIT, dissemination in time; MRI, magnetic
resonance imaging; OCB, oligoclonal bands.

2.3.3 Comorbidities

Compared to the general population, MS patients are more likely to develop
comorbid disorders. A systematic review of 249 studies showed that comorbidities
are very common in MS patients with the most prevalent conditions being depression
(23.7%), anxiety (21.9%), hypertension (18.6%), hyperlipidemia (10.9%) and
chronic lung disease (10.0%). The most prevalent autoimmune diseases were thyroid
disease and psoriasis. The review suggested that several comorbidities occur more
often in MS patients compared to people without MS, including anxiety, depression,
bipolar disorder, meningiomas, epilepsy, inflammatory bowel disease, irritable
bowel syndrome and restless legs syndrome (Marrie et al. 2015). Moreover, multiple
comorbidities, including hypertension, diabetes, ischemic heart disease, depression,
anxiety, fibromyalgia, chronic lung disease and epilepsy, were noted to be more
common in MS population already at least five years before MS diagnosis (Marrie
et al. 2016). The risk of cancer has been reported to be lower in MS than in the
general population with the exception of an increased incidence of brain and urinary
system cancer, which could be due to a surveillance bias from increased MRI use
and urology examinations (Marrie et al. 2015). In a nested case-control study
assessing the cancer risk among Finnish MS patients, it appeared that MS patients
had a similar overall cancer risk compared to the general population although they
did seem to have a higher age at breast cancer diagnosis (Hongell et al. 2019).
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In a Finnish study of 491 MS patients, 17% of patients had at least one
neurological comorbidity. Only epilepsy was more frequently present (4.7%) in MS
patients compared to the epidemiological data of the general population (Krokki et
al. 2017). Another Finnish study of 1074 MS patients observed that the mean
survival time was lower for MS patients with any circulatory disease. MS patients
had a specifically high risk for stroke (OR 1.5-2.5) and type 1 diabetes (OR 2.1)
compared to the control population (Murtonen et al. 2018). In addition, the risk for
osteoporotic fractures has been observed to be increased among the MS population
(Aivo et al. 2017).

Comorbidities result in a decreased quality of life and higher mortality rates
(Warren et al. 2009; Berrigan et al. 2016; Marrie et al. 2015). A psychiatric
comorbidity has also been associated with impaired cognitive function. Altogether
40-70% of MS patients develop a cognitive impairment, with prominent decrements
in information processing speed and episodic memory (Rocca et al. 2015). Studies
have shown that anxiety and depression are related to impaired cognitive function in
MS patients, in particular in their information processing speed (Goretti et al. 2014;
Niino et al. 2014).

An increased risk of relapses has also been associated with comorbidities in
patients with MS. A Canadian prospective study reported that MS patients with
migraine, hyperlipidemia or a high comorbidity burden (3 or more conditions) had
an increased relapse rate over two years (Kowalec et al. 2017). In addition to
relapses, physical and psychiatric comorbidities have been associated with a greater
disability progression in MS. Vascular comorbidity was observed to increase the risk
of ambulatory disability in MS patients (Marrie et al. 2010). In a Canadian cohort
study, the presence of a mood or anxiety disorder was associated with a higher EDSS
score (McKay et al. 2018). A Swedish prospective study reported that MS patients
with a musculoskeletal or mental comorbidity had a higher risk for receiving a
disability pension compared to MS patients without such comorbidities (Tinghog et
al. 2014). In addition, an increased number of comorbidities has been associated with
a lower likelihood of initiating treatment with a DMT for MS (Zhang et al. 2016).

234 Treatment

Treatment of MS has evolved significantly since the first injectable therapies became
available in the 1990s. The first of interferons (IFN), IFN-beta 1b was approved for
treatment of MS in Finland in 1995 but reimbursement was not granted until in 1998.
Several new DMTs have become available since then: glatiramer acetate in 2004,
natalizumab in 2006, fingolimod in 2011, alemtuzumab and teriflunomide in 2013,
dimethyl fumarate and pegylated IFN-beta in 2014, cladribine and ocrelizumab in
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2018 and siponimod in 2020. In addition to these DMTs still available, daclizumab
was introduced in 2016 but was withdrawn from the market already in 2018 after
reports of serious inflammatory brain disorders associated with the drug (Bianchi &
Ciccarelli 2019).

The aim of MS treatment is to achieve an inactive phase in the disease without
MS relapses or disability progression or new MRI T2 lesions or atrophy, a condition
summarized as “no evidence of disease activity” (NEDA). There are two therapeutic
approaches used in the clinical setting. The escalation approach consists of starting
with a DMT with a potentially lower risk of adverse effects and lower efficacy and
escalating to a DMT with a potentially higher risk of adverse effects and higher
efficacy, if breakthrough disease is observed. However, the inflammatory process is
typically most active during the first years of the disease and the early highly
effective therapy approach is thus increasing. The induction approach consists of
using a higher-efficacy DMT as first-line therapy, already early in the disease course.
Early use of these higher-efficacy DMTs has been associated with potential long-
term benefits in the disease course. A cohort study of 1555 RRMS patients reported
that initial treatment with fingolimod, natalizumab or alemtuzumab was associated
with a lower risk of conversion to SPMS compared with interferon beta or glatiramer
acetate (Brown et al. 2019). Because of the concerns about safety issues and
monitoring requirements concerning newer DMTs and extensive safety experience
with platform therapies, the escalation approach is still more widely used.

In the Finnish Current Care Guidelines for MS therapy, the choice of DMT
depends on the disease activity. RRMS is classified as active or highly active based
on the relapse rate and MRI findings and the choice of DMT is recommended
accordingly (Table 7). In addition, ocrelizumab has an indication for active PPMS
and siponimod for active SPMS.
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Table 7. Disease modifying therapies for active and highly active RRMS and active PPMS and
SPMS in Finland. Modified from Current Care Guidelines of MS.

MS Type DMT

Active RRMS Dimethyl fumarate
Glatiramer acetate
IFN beta
Ocrelizumab

Teriflunomide

Highly Active RRMS Alemtuzumab
Cladribine
Fingolimod

Mitoxantrone

Natalizumab

Ocrelizumab
Active PPMS Ocrelizumab
Active SPMS Siponimod

DMT, disease modifying therapy; IFN, interferon; MS, multiple sclerosis; PPMS, primary
progressive multiple sclerosis; RRMS, relapsing remitting multiple sclerosis; SPMS, secondary
progressive multiple sclerosis.

Self-injectable therapies include IFN-beta, pegylated IFN and glatiramer acetate.
IFN beta and glatiramer acetate have well-established and comparable long-term
safety profiles and efficacy, reducing the frequency of relapses by 30% (Duquette et
al. 1995; Mikol et al. 2008). Newer pegylated IFNs have shown similar efficacy and
safety compared to their earlier non-pegylated counterparts (Calabresi et al. 2014).
Orally administered platform therapies include teriflunomide and dimethyl fumarate
while another oral DMT, fingolimod, is used for highly active RRMS. Teriflunomide
has been shown to have an efficacy comparable to injectable therapies (Vermersch
et al. 2014). In register studies, dimethyl fumarate and fingolimod have shown
similar or slightly superior efficacy on the inflammatory disease activity compared
to teriflunomide (Buron et al. 2019; Ontaneda et al. 2019; Prosperini et al. 2018).
The newest oral DMT, cladribine, is a pulsed therapy that is used for the treatment
of highly active RRMS in two treatment cycles separated by one year. This approach
has been reported to reduce the relapse rate, the risk of disability progression and
MRI measures of disease activity significantly and higher efficacy compared to
injectable DMTs has been suggested (Giovannoni et al. 2010; Kalincik et al. 2018).
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Some DMTs have a relatively high risk of serious adverse effects. A selective
adhesion-molecule inhibitor, natalizumab, was shown to be effective in RRMS but
was associated with a significant risk of evoking progressive multifocal
leukoencephalopathy (PML) in patients seropositive for John Cunningham virus
(JCV) (Polman et al. 2006; Williamson & Berger 2017). In addition, an anti-CD52
monoclonal antibody, alemtuzumab, reduced the clinical and MRI disease activity
significantly, but over 20% of patients developed secondary autoimmune disorders
(Cohen et al. 2012; Cossburn et al. 2011). The chemotherapeutic agent,
mitoxantrone, is only rarely used due to the increased risk of malignancies (Neuhaus
et al. 20006).

The increased understanding of the disease process and the role of B cells in MS
pathophysiology has resulted in the development of B cell-targeting antibodies as
DMTs. Long-term experience of safety of anti-CD20 therapy is provided by
rituximab, which was developed and approved for treating rheumatoid arthritis and
hematologic malignancies. It has been shown to reduce inflammatory activity also
in RRMS (Hauser et al. 2008). An observational study has demonstrated rituximab
to be safe and effective in the treatment of MS but due to the absence of phase 3
randomized placebo-controlled trials, rituximab is only used off-label in MS patients
(Salzer et al. 2016). Humanized anti-CD20 monoclonal, ocrelizumab, is however
officially indicated for MS treatment and has been observed to reduce effectively
relapses and MRI lesions and also a slowing of the worsening of disability
progression in RRMS patients (Hauser et al. 2017).

The first treatment options for the progressive forms of MS became available
only recently. In addition to RRMS, ocrelizumab has been shown to reduce disability
progression and MRI activity also in PPMS and it is the only DMT indicated for the
treatment of PPMS (Montalban 2017). The latest of the current DMTs, orally
administered siponimod, is the first DMT to demonstrate a reduction in the risk of
disability progression in patients with SPMS (Kappos et al. 2018).

Acute relapses of moderate functional severity or worse, are treated with 35
days cure of high-dose methylprednisolone administered orally or intravenously.
While they have no long-term effect on disease course, corticosteroids tend to
shorten the duration of the relapse (Le Page et al. 2015). In rapidly progressive or
severe relapses, plasma exchange is occasionally used alone or as an adjunctive
therapy.
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2.4 Infections in multiple sclerosis patients

2.4.1 Infection risk in general

MS patients have an increased risk of infections and this risk has been observed
already in the year before MS diagnosis (Castelo-Branco et al. 2020). Higher
susceptibility to infections is thus suggested even before treatment with DMTs and
the progression of disability while functional limitations increase this risk further.
Bladder and bowel dysfunction are common in the MS population and may
predispose these individuals to urinary tract and gastrointestinal infections
(Hennessey et al. 1999). The respiratory infection risk may be elevated by dysphagia
and an inability to cough and clear the lungs (Aiello et al. 2008). Immobilization due
to disability may predispose MS patients to decubitus. Infections increase the risk
for relapses and relapses associated to infections have been observed to lead to more
sustained neurological damage than other relapses (Buljevac et al. 2002). Moreover,
mortality due to infections was reported to be higher in MS patients compared to the
general population (Manouchehrinia et al. 2016).

Infection-related health care utilization was observed to be increased in MS
patients across all age groups, with a higher burden for men (Wijnands et al. 2017).
A large cohort study of over 15,000 MS patients in US and UK confirmed that MS
patients have an increased risk of infections, and a two-fold risk of requiring
hospitalizations for infections compared with the general population. The greatest
risk was evident for renal and urinary tract infections (Persson et al. 2020). In a
Swedish population, MS patients were over four times more likely to be hospitalized
due to infection compared to the general population. When compared with patients
with other immune-mediated diseases, the elevated risk remained but was lower. In
comparison with these other immune-mediated diseases, MS patients had a greater
risk of hospitalization for urinary tract infection (relative risk (RR) 3.18), influenza
(RR 2.57), respiratory infections (RR 2.13), bacterial pneumonia (RR 2.01) and
septicaemia (RR 1.60)). In addition, the mortality rate after hospitalization was
higher in MS patients as compared to general population (Montgomery et al. 2013).

242 Infection risk related to disease modifying therapies

DMTs of MS modulate or suppress the immune system, limiting inflammation in the
CNS. They may cause lymphocytopenia, neutropenia or hypogammaglobulinemia
predisposing to infections and thus MS patients with immunosuppression carry a risk
of a reactivation of latent pathogens, worsening of asymptomatic chronic infections
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or developing new infections. DMTs have diverse mechanisms of action:
natalizumab, fingolimod and siponimod alterate lymphocyte trafficking,
alemtuzumab, ocrelizumab and cladribine cause lymphocyte depletion and
mitoxantrone and teriflunomide disrupt lymphocyte replication. The mechanism of
action of dimethyl fumarate is unknown, but it clearly causes lymphocytopenia
(Schweitzer et al. 2020). Changes of the peripheral lymphocyte counts are treatment
specific and require different monitoring and management.

First-generation, injectable DMTs interferon beta and glatiramer acetate do not
appear to carry an increased risk of infections. However, all other MS treatments
impair immune surveillance to various degrees and may predispose patients to
general and opportunistic infections (Soelberg Sorensen 2017; Winkelmann et al.
2016). A cohort study in British Columbia showed that first-generation DMTs (IFN-
beta, glatiramer acetate) were not associated with an increased risk of infection-
related health care use in MS patients but exposure to second-generation DMTs
(natalizumab, fingolimod, dimethyl fumarate) was associated with an increased risk
of infections. None of the DMTs were associated with a risk of infection-related
hospital admissions (Wijnands et al. 2018). Among second-generation drugs, the
infection risk differs also by treatment. In a US study, treatment with monoclonal
antibodies did not explain increased the general infection risk observed in MS
patients. However, serious infections requiring hospital care were more common in
patients treated with these DMTs (Persson et al. 2020). It was also noted in the
Swedish cohort study, that the risk of serious infections was higher in MS patients
treated with off-label rituximab as compared to patients using natalizumab and
fingolimod (Luna et al. 2019).

Alemtuzumab has been associated with serious infections, such as listeriosis by
a Gram-positive bacterium Listeria monocytogenes. This is a foodborne infection,
which can be acquired by introducing contaminated deli and dried meat or
unpasteurized milk products. In immunocompetent hosts, listeriosis may be mild
with self-limiting fever, diarrhoea and abdominal cramps. In contrast, in
immunocompromised patients, bloodstream and CNS infections may complicate the
clinical course. In MS patients treated with alemtuzumab, the prevalence of
listeriosis was estimated to be 0.26%. In order to reduce the risk of listeriosis,
patients treated with alemtuzumab are recommended to adhere to a Listeria-free diet
for one month after treatment (Buonomo et al. 2018).

Immunosuppressive therapy increases the risk of reactivation of latent
herpesvirus infection, including herpes simplex virus (HSV) 1 and 2, varicella zoster
virus (VZV) and cytomegalovirus (CMV). Alemtuzumab is associated with a high
rate of HSV infections when compared with interferon treatment (Cohen et al. 2012).
Thus, prophylaxis acyclovir treatment is recommended in connection with
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alemtuzumab therapy. Two fatal VZV cases have been reported during fingolimod
treatment but patients involved received concomitantly also corticosteroids.
However, a higher risk of VZV infections in MS patients using fingolimod was
reported when compared to placebo and vaccination before immunosuppression is
recommended (Arvin et al. 2015). Serious HSV and VZV infections have also been
reported in MS patients treated with natalizumab (Fine et al. 2013), while the risk of
mild to moderate herpes virus infections was increased during ocrelizumab treatment
(Riederer 2017).

Treatment of MS with dimethyl fumarate, fingolimod, ocrelizumab, rituximab
and especially natalizumab is associated with an increased risk of PML (Williamson
& Berger 2017). PML is an opportunistic infection of CNS, which is caused by
activation of JCV in an immunodeficient patient. In natalizumab-treated MS
patients, the PML risk has been observed to be increased in the presence of anti-JC
virus-antibodies in serum, treatment duration over two years and prior treatment with
immunosuppressant (Bloomgren et al. 2012). Anti-JCV antibody levels in
serum/plasma can help to assess the PML risk in JCV antibody-positive MS patients
receiving natalizumab (Plavina et al. 2014). In Finland, PML has been mainly
observed in patients with malignancies, HIV or systemic connective tissue disorder.
Only three PML cases in MS patients were identified in 2004-2014 (Sipilé et al.
2019).

B cell depleting drugs such as ocrelizumab, rituximab, alemtuzumab and
cladribine, carry a high risk of hepatitis B virus (HBV) -related hepatitis reactivation
(Pei et al. 2010). Thus, screening for the presence of HBV infection with HBsAg and
anti-HBc is necessary before starting immunosuppressive therapy. If an HBV
infection is detected, antiviral prophylaxis can be used (Reddy et al. 2015).

2.5 Health care use of multiple sclerosis patients

MS is associated with a high economic burden, which typically increases with
disease progression. According to recent systematic review, the estimated total
annual cost per MS patient in Europe was on average 40,300 euros. The higher the
severity of MS, the higher were the associated costs. The costs of drugs represented
the main cost determinants for less severe MS cases and informal care and
production loss for the most severe MS cases (Paz-Zulueta et al. 2020). In 2015,
annual cost of MS in Finland was estimated to be around 330 million euros and an
early retirement contributed most to the total cost burden (37%) (Ruutiainen et al.
2016). Although inpatient care accounted for only 3.4% of the total costs, hospital
admissions consume a significant amount of health care resources.
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Patients with MS use health resources more than the general population (Pohar
et al. 2007) and higher health care use already several years before the first
demyelinating event has been reported (Marrie et al. 2013; Wijnands et al. 2017). As
life expectancy of MS patients has increased, the strain on the health care system is
potentially also growing. Hospital admissions may cause a prolonged burden to
patients as well as hospitalization due to an acute illness has been associated with a
worsening of MS-related disability equivalent to 2.5 years of time-related disease
progression (Garland et al. 2017).

Among other health care use, the hospital admission rate in MS patients is higher
than in the general population. However, the hospitalization in MS patients has
become more infrequent in the past decades. In British Columbia, hospital
admissions in the MS population decreased 1.4% annually from 1986 to 2008. Age,
primary progressive MS and longer disease duration were associated with higher
admission rates (Evans et al. 2012). Marrie et al. studied changes in the hospital
admission rates in 5797 MS patients from 1984 to 2011 compared with a matched
large general population cohort. They observed a decrease of 75% in 27 years in MS
admissions, while in the general population, the admission rates decreased in the
same time period by 41%. Despite the clear decline in the hospitalization rate,
admissions remained higher in MS patients than in the general population (Marrie et
al. 2014). In Portugal, the rate of MS-related hospitalizations decreased by 44%
between 2008 and 2013 (Pereira et al. 2016). In recent decades, a reduction in
hospitalizations has been observed to be associated with increased DMT use (Al-
Sakran et al. 2019). However, the decline in these rates started already before the
introduction of DMTs and may reflect changes in health care delivery, including
treatment of MS patients as outpatients rather than in an inpatient setting, increased
use of home care services and improved symptom management (Evans et al. 2012;
Marrie et al. 2014).

The need of health services in MS patients is associated with the comorbidity
burden (Marrie et al. 2015). Fatigue, depression, anxiety, disruptive pain and
perceived cognitive difficulties as well as lower health-related quality of life have
been shown to display an association to higher rates of health service use (Ytterberg
etal. 2013; Johansson et al. 2009; McKay et al. 2018). The presence of a comorbidity
was shown to increase the risk of all-cause hospitalization but has had little impact
on MS-related admissions (Marrie et al. 2015). The higher comorbidity burden is
associated with a higher hospitalization rate. In the Canadian study, increased
hospitalization rates were observed especially during the earlier stages of MS, when
the disease is typically more active. A decrease in MS-specific admissions with age
and longer disease duration was observed while all-cause hospitalization of MS
patients increased with age (Al-Sakran et al. 2020). This is reasonable, since many
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MS-specific admissions are related to relapses and rate of relapses typically declines
as the disease progresses (Tremlett et al. 2008).

Studies of health care utilization of MS patients have been conducted primarily
in Canada, while there are few European studies on this subject. However, western
lifestyle and health care system are similar in Canada and Nordic countries. The
current era of evolving MS treatment may appear to have changed the health care
use of MS patients and revealing those patterns can help to understand changing
burden of MS on the health system as well as to assess the effects of emerging
therapies.
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3 Aims of the study

Finland is a high-risk country for MS with regional differences in epidemiology.
Epidemiological research has concentrated on western Finland while no
epidemiological MS studies have been conducted in eastern Finland and only one in
the southwestern high-risk region since the 1970s. MS is associated with a high
economic burden and MS patients use health services more than the general
population. Considering the increasing MS prevalence worldwide and significantly
evolved treatment of MS during the past decades, changes in health care use of MS
patients are of interest. MS patients are at an increased risk for infections, which may
be further increased by new and more potent DMTs. This may be reflected in the
rate of serious infections requiring hospitalization. The specific aims of this study
were:

1. To update the epidemiology of MS in Southwest Finland and compare it with
the easternmost hospital district of Finland, North Karelia.

2. To review previous studies of Finnish MS epidemiology and to introduce new
data on MS prevalence in western parts of Finland as well as analyzing further

previous data of MS incidence in North Ostrobothnia.

3. To evaluate trends in MS hospital admission rates and the role of infections in
MS-related hospital admissions in Finnish hospitals.

4, To further study MS hospital admissions in Southwest Finland in order to
identify the factors predisposing to infection-related MS admissions.
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4 Materials and methods

4.1 Setting

Finland is located between the latitudes 60° and 70° in Northern Europe. It is divided
into 21 hospital districts. In 2016, the total population of Finland was 5.5 million of
whom 4.9 million were aged 10 years or older. The population is aging rapidly and
in 2016 the median age of the Finnish population was 43 years while in 1960 it was
only 28 years. The population density in Finland is unevenly distributed from 2 to
178 inhabitants per square kilometer (km?), with the population now concentrated in
the southern and western parts of the country. The mean population density is low at
18 inhabitants per km?. While in the 1950s, most people in Finland lived in rural
areas, in 2016 already 85% of population lived in urban regions which cover only
about 5% of the country’s total area. The degree of urbanization was highest in
southern Uusimaa and lowest in Aland and eastern Finland.

Study periods and regions of each study are shown in Table 8. Southwest Finland
is third largest hospital district in Finland caring for a population of 478,546 at the
end of 2016. Treatment and diagnosis of MS patients in the region is centralized to
Turku University Hospital. Another hospital district involved in the epidemiological
study, North Karelia, is the easternmost hospital district in Finland. At the end of
2016, North Karelia Central Hospital provided health services to the population of
167,599. Southwest Finland is more densely populated than North Karelia (45 vs. 25
inhabitants per km?). In Finland, MS is exclusively diagnosed and mostly treated by
neurologists working in public health care. MS patients with more advanced disease
and without DMT may be followed up in municipal health centers.
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Table 8. Characteristics of the studies I-IV.

Study | Study Il Study Il Study IV
Study topic MS prevalence MS prevalence Hospital Hospital
and incidence admissions admissions
Study region | Southwest Finland Pirkanmaa Finland Southwest
North Karelia South Ostrobothnia Finland
Vaasa
Study period Prevalence 1980 2004-2014 2009-2018
Dec 31 2016 1990
Incidence 2000
2012-2016 2007
4.2 Data collection

The StellarQ MS register is a MS treatment register and decision-making tool
(www.neurorekisteri.fi). Most hospital districts in Finland have joined the service
and most of them have integrated it into their electronic patient documentation
system (Laakso et al. 2019). The register was introduced in the hospital district of
Southwest Finland in 2014 and prior disease history data for each MS patient was
filled in manually. The register data of MS patients is updated regularly during
control visits in the MS outpatient clinic. The Care Register for Health Care (CRHC)
is a mandatory database maintained by National Institute for Health and Welfare
(THL) for all public health care hospital discharges in Finland. The Social Insurance
Institution (KELA) pays reimbursements for prescribed medicines for all permanent
residents of Finland and maintains a statistical database on these reimbursements.
These numerous registers of public health care provide extensive data on Finnish MS
patients.

4.2.1 Study |

All patient records with MS ICD-10 code (G35) were identified by searching the
hospital administrative data in Southwest Finland from 2004 to 2016. In North
Karelia, all public health care (both primary and specialized) visits and admissions
with the diagnostic code of MS were searched from the discharge register of the
hospital district during 2012-2016. The incidence and prevalence calculations were
based on the cases with a definitive diagnosis and case ascertainment was performed
by review of the medical records. The diagnosis of MS in each case in the incidence
cohort had been established by a neurologist according to the McDonald 2010
criteria. Population data was obtained from Statistics Finland.
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422 Study |l

Relevant articles in the PubMed Medline database were searched (last search: 2
January 2020) using the following keywords: “multiple sclerosis prevalence in
Finland” or "multiple sclerosis incidence in Finland”. Of 147 hits, 32 were excluded
and 15 considered relevant for the presentation of development of Finnish MS
epidemiology. References of articles were scrutinized to identify additional relevant
publications. Altogether 17 articles on MS epidemiology in Finland were included
in the review.

In addition to reviewing previous studies, MS prevalence in the hospital districts
of Pirkanmaa, South Ostrobothnia and Vaasa was calculated from 1980 to 2007 by
using previously unpublished data obtained from a retrospective search of hospital
administrative registries. Cases were ascertained by neurologists to meet the
diagnostic criteria proposed by Poser and only definite diagnoses of MS were
included. Age-standardized prevalence rates were calculated also in Southwest
Finland, North Karelia and North Ostrobothnia using data obtained for previous
studies (Aivo et al. 2017; Krokki et al. 2011).

423 Study Il

CRHC was searched for all discharges from neurological, medical, surgical,
neurosurgical and intensive care units with MS as a primary diagnosis (ICD-10 code
G35) or an auxiliary diagnosis for primary infection diagnosis during the study
period 2004-2014. The search included all five university hospitals and 39 other
hospitals in Finland. Only patients > 16 years of age were included. The annual
number of recorded procedures (intrathecal baclofen delivery device implantation,
percutaneous endoscopic gastrostomy (PEG) implantation, plasmaferesis) during the
admissions was examined. The Diagnosis Related Group (NordDRG categorization)
daily cost of MS hospital care was obtained from THL statistical reports for 2006
(343.35 euros/day) and 2011 (473.91 euros/day) and the mean of these figures
(408.63 euros/day) was used in the economic calculations. Drug reimbursement data
was obtained from the statistics of KELA.

424  Study IV

Hospital admissions with MS as a primary or an auxiliary diagnosis in all wards of
Turku University Hospital between years 2009-2018 were searched from the
hospital administrative data. Admissions were divided into those that were
associated with an infection (infection diagnosis as a primary or the first auxiliary
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diagnosis for a primary MS diagnosis) and those that were not. Patients from other
hospital districts without regular contact to Turku University Hospital were excluded
(47 patients and 74 hospital admissions).

To study the risk factors for infection—related hospitalizations, baseline
demographics of the MS patients with infection admissions (infection cohort) were
compared with other MS patients in Southwest Finland (reference cohort) at the end
of 2008. Only patients diagnosed with MS before this baseline date were included
into this analysis. The validity of the MS diagnoses of the study population was
scrutinized by neurologists. The demographics of all MS patients in the area were
obtained from the Finnish MS register. Patients’ age, gender, BMI, smoking status,
time since MS diagnosis, disease course (RRMS, SPMS, PPMS), ongoing DMT,
latest EDSS (within two years from the baseline date), the number of relapses in past
year and number of diagnosed comorbidities at the study baseline were searched.
Comorbidities of interest (hypertension, diabetes, asthma, chronic obstructive
pulmonary disease, ischemic heart attack, stroke and transient ischemic attack,
Crohn’s disease, ulcerative colitis, rheumatoid arthritis, cancer, depression and
bipolar disorder) were chosen based on previous studies regarding the impact of
comorbidities. MS patients with more than two infection admissions during the study
period were analyzed separately.

4.3 Statistical analysis

4.3.1 Study |

Total prevalence, gender-specific and 10-year age-specific prevalences were
calculated per population of 100,000 (aged > 10 years) at the end of 2016. Total
incidence, gender-specific and 10-year age-specific incidence of MS were calculated
per 100,000 person-years in the age group 10—69 years. Mann-Whitney’s U-test was
used to compare the duration of the diagnostic delay between the genders.
Standardization of epidemiological values makes possible more reliable
comparisons between different studies and populations with different age structures.
Study populations are adjusted to have the same age structure as the chosen standard
population. In our study, incidence and prevalence rates were standardized for age
by a direct method using European standard population (ESP2013) and the World
Health Organization (WHO) standard population. In Original article I, age-
standardized prevalence and incidence rates were calculated using the same at-risk
population as a reference similar to the calculation of crude rates. Prevalence
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calculations were based on the population aged >10 years and incidence calculations
on the population aged 10—69 years.

4.3.2 Study |l

Age-standardized prevalence rates of MS were calculated from the new data from
western hospital districts of Pirkanmaa, South Ostrobothnia and Vaasa in 1980,
1990, 2000 and 2007 and old data obtained for previous studies from North
Ostrobothnia in 2007, Southwest Finland in 2012 and 2016 and North Karelia in
2016. Direct method and European standard population (ESP2013) were used as a
reference. Here, the whole population was used as a reference instead of the at-risk
population used in Study I. This is a more common practice in many international
studies and may allow wider comparisons between different studies. Additionally,
age-standardized incidence rates of Study I were recalculated for this thesis using
the same reference population. The MS incidence in North Ostrobothnia 1992—-2007
was analyzed using Poisson regression, adjusted because of overdispersion.

4.3.3 Study Il

Shapiro—Wilk and Kolmogorov—Smirnov tests were used to assess the distribution
of continuous variables and Mann—Whitney U-test or independent samples of the
Kruskall-Wallis test when appropriate to analyze patient characteristics. Poisson
regression was used in the analysis of count data, Cox regression in the analysis of
in-hospital mortality and linear regression in the analysis of length of stay (log
transformed due to skewness) and admission costs. Trend analyses were age- and
sex-adjusted except for the admission cost analysis (sex- and age-specific data was
not available). Results of univariate analyses were comparable to multivariate
models. When differences in length of stay were analyzed, generalized estimating
equations to accompany repeated admissions from individual subjects were used.

4.3.4 Study IV

Pearson’s chi-squared test was used to calculate P-values for categorical variables
except that Fisher’s exact test was used for the number of relapses in the past year
and comorbidities. P-values for continuous variables were calculated using
independent samples t-test or Wilcoxon rank sum test as appropriate. P-values of
Pearson’s chi-squared test and Wilcoxon rank sum test were adjusted using the
Benjamini & Hochberg method (1995) where the false discovery rate is controlled
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by penalising smaller p-values more than higher p-values. Annual admission
numbers were analyzed using Poisson regression, adjusted for overdispersion.

To examine the predictors of infection-related admissions, multivariable logistic
regression was used. The proposed adjusted variables included age, gender, disease
course (RRMS vs. SPMS/PPMS), categorized diagnosis year (<1995 vs. 21995,
latest EDSS and ongoing DMT. The data was modelled with the study population
with a known disease course and the latest EDSS (357 patients). The best model was
selected using manual forward selection where a simple model was the starting point
and terms were added based on deviance analysis until model did not significantly
improve.

4.4 Ethics

According to Finnish law, ethical committee approval was not required for these
studies since all of them were based on administrative register data and included no
contact with patients. Study [ was approved by Turku University Hospital Clinical
Research Center (Turku CRC) and North Karelia Central Hospital Clinical Research
Administration. Study Il was approved by THL of Finland and Ethics Committees
of Tampere University Hospital and Northern Ostrobothnia. Study III was approved
by Turku CRC and THL of Finland. Study IV was approved by Turku CRC. The
data processing practices followed the EU Data Protection Directive rules.
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5 Results

5.1 Epidemiology (Studies | and Il)

511 Prevalence

At the end of 2016 (I), altogether 1184 MS patients (70.4% women) were identified
in Southwest Finland and 253 MS patients (67.2% women) in North Karelia. The
prevalence was 275/100,000 (95% Cl 260-291) in Southwest Finland and
167/100,000 (95% Cl 146—-187) in North Karelia in the population aged =10 years.
The prevalence among men was 168/100,000 (95% Cl 150-186) in Southwest
Finland and 110/100,000 (95% Cl 86—134) North Karelia and among women
377/100,000 (95% CI 351-402) in Southwest Finland and 233/100,000 (95% CI
191-259) in North Karelia.

51.2 Incidence

During the study period 2012-2016 (I), 211 new MS diagnoses were made in
Southwest Finland (RRMS 88%, PPMS 11%, SPMS 0.5%) and 49 in North Karelia
(RRMS 86%, PPMS 10%, SPMS 4%). The overall MS incidence in Southwest
Finland was 11.7/100,000 person-years (95% CI 10.2-13.3) and in North Karelia
7.8/100,000 person-years (95% CI 5.6-9.9) in the age group 10—69 years. The
incidence of MS among men was 6.6/100,000 person-years (95% CI 5.0-8.5) in
Southwest Finland and 7.7/100,000 person-years (95% C1 5.0-11.3) in North Karelia
and among women 16.9/100,000 person-years (95% Cl 14.3-19.8) in Southwest
Finland and 7.8/100,000 person-years (95% C1 5.0-11.7) in North Karelia. Age- and
sex-specific incidence rates are shown in Table 9. The F/M ratio was 2.58 in
Southwest Finland, while there was no gender difference in North Karelia (F/M ratio
0.96). The mean age at diagnosis in Southwest Finland was 38.3 years in men and
36.5 years in women and in North Karelia 35.5 years in men and 41.2 years in
women.
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Table 9. Age- and gender-specific incidence rates of MS in Southwest Finland and North Karelia
in 2012-2016. 95% confidence intervals in parenthesis.
Southwest Finland North Karelia
Age group All Men Women All Men Women
10-19 1.6 0 3.2 1.1 0 2.3
(0.4-4.0) (0-2.8) (0.9-8.3) (0-6.3) (0-8.1) (0.1-12.8)
20-29 18.6 9.9 274 13.9 16.9 10.4
(14.0-24.1) [(5.5-16.3) | (19.6-37.1) | (7.6-23.3) | (7.7-32.2) | (3.4-24.4)
30-39 26.2 14.6 38.1 13.6 17.2 9.6
(20.7-32.7) | (9.2-22.2) | (28.8-49.5) | (7.0-23.8) | (7.4-34.1) | (2.6-24.5)
40-49 13.5 7.3 19.8 13.2 8.7 17.9
(9.6-18.4) | (3.7-13.1) | (13.2-28.4) | (6.8-23.1) | (2.4-22.3) | (7.7-35.2)
50-59 7.6 5.1 10.1 6.2 6.1 6.3
(4.9-11.3) | (2.2-101) | (5.8-16.3) | (2.7-12.2) | (1.7-15.6) | (1.7-16.0)
60-69 27 1.9 3.5 1.5 0 3.1
(1.2-5.1) (0.4-5.5) (1.3-7.6) (0.2-5.4) (0-5.4) (0.4-11.2)

The mean diagnostic delay from the onset of symptoms was 2.8 years (SD 4.4) in
Southwest Finland and 4.3 years (SD 4.7) in North Karelia. The duration of the
diagnostic delay was similar for both genders in Southwest Finland (p=0.246) and in
North Karelia (p=0.437).

Incidence data from North Ostrobothnia in 1992-2007 was analyzed further in
study II. The MS incidence increased by 4.2% annually (95% CI 1.6—6.8%, p=0.002)
over the study period. The mean incidence was 5.3/100,000 person-years in 1992—
1999 and 7.3/100,000 person-years in 2000—2007.

5.1.3

At the end of 2016, the age-standardized prevalence (ESP2013) was 251/100,000
(95% CI 236-265) in Southwest Finland and 150/100,000 (95% CI 132-170) in
North Karelia in the whole population. The age-standardized incidence in 2012—
2016 was 9.2/100,000 (95% CI 8.0—10.5) in Southwest Finland and 6.5/100 000
(95% CI 4.9-8.4) in North Karelia. Age-standardized prevalence rates calculated
from 1980 to 2007 in Vaasa, South Ostrobothnia and Pirkanmaa, in 2007 in North
Ostrobothnia and 2012 in Southwest Finland are shown in Table 10 together with
the earlier reported age-standardized prevalence rates in 2010 in the western hospital
districts (Murtonen & Sumelahti 2019).

Age-standardized rates
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Table 10. Age-standardized prevalence (European standard population 2013) of MS per 100,000
in different hospital districts of Finland. 95% CI in parentheses.

Southwest Vaasa South Pirkanmaa North North
Finland Ostrobothnia Ostrobothnia Karelia
1980 66 36 34
(54-80) (28-46) (29-40)
1990 103 90 61
(88-120) (77-104) (54-69)
2000 154 206 94
(135-174) (187-227) (86—104)
2007 214 288 123 106
(192-237) | (265-313) | (113-133) (96—117)
2010 226 276 149
(202-250) (268-284) (121-178)
2012 215
(202-228)
2016 251 150
(236-265) (132-170)
5.2 Hospital admissions in Finnish multiple

sclerosis patients (Study IIl)

A total of 12 276 hospital admissions for 4296 patients were identified during the
study period 2004-2014. Characteristics of hospital admissions are described in
Table 11. The number of admissions declined by 4.6% annually (p=0.0024) and the
trend was similar in both genders (interaction p=0.93 between genders). Most of the
admissions occurred in neurology wards (79.9%) with internal medicine (13.4%) and
surgical wards (6.8%) coming next. The mean length of stay was 4.2 days (SD 5.2)
with a declining trend during the study period (p=-0.05, p<0.001). The length of stay
was longer in men than women (mean 4.5, SD 5.7 vs. mean 4.1, SD 4.9; age and
study-year adjusted p<0.001). The in-hospital mortality rate was 0.59% (0.29-0.94%
or 4-11 deaths per year) and there was no difference between genders (p=0.318) or
any evidence of a trend (p=0.212).
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Table 11. Characteristics of hospital admissions associated with MS in study Il and IV.

2004-2014 2009-2018
Admissions, n 12276 1380
Men (%) 3788 (30.9) 521 (37.8)
Women (%) 8488 (69.1) 859 (62.2)
Infections (%) 11.7 243
Mean LOS (days, SD) 4.2 (5.2) 6.1 (13.0)

LOS, length of stays; SD, standard deviation

An infection was the primary diagnosis in 11.7% of hospital admissions and the
proportion increased (=0.87, p=0.001) during the study period with no change in
their frequency (p=0.68, Figure 5). The most common infections were pyelonephritis
(29.1%) and unspecified/bacterial pneumonia (24.4%). Infection-related admissions
lasted longer than non-infectious admissions (mean 6.6, SD 6.2 vs. mean 3.8, SD 4.9
days, p<0.001). Admissions primarily for infectious cause were associated with an
increased in-hospital mortality (HR 9.39; CI 5.25-16.77; p<0.001, adjusted for age,
gender and study-year) compared to non-infectious admissions. The annual numbers
of procedures of interest were low during the study period and thus the analysis was
performed only on intrathecal baclofen implantations with no evidence of a trend
(p=0.059). The annual aggregate NordDRG-based cost of hospital admissions
declined by 51% during the study period: from 2,515,118 e in 2004 to 1,234,471 ¢
in 2014 (p=-0.95, p<0.001).
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Figure 5. All hospital admissions and proportion of infection-related admissions of MS patients in
Finland in 2004-2014. From original publication lll, reproduced with permission of
Taylor & Francis.

5.3 Infection-related hospital admissions in multiple
sclerosis patients in Southwest Finland (Study
V)

Altogether 1380 hospital admissions for 532 patients were identified in Southwest
Finland during the study period 2009—2018 (characteristics shown in Table 11). An
infection was associated with 24.3% (336) of the admissions and the most common
infections were unspecified pneumonia (27.3%) and pyelonephritis (14.9%). The
number of all admissions decreased by 8.9% (95% CI 13.0-4.6; p<0.001) annually
over the study period with no difference between genders in the rate of decline
(p=0.736). The proportion of infection-related admissions declined from 26.5% (SD
3.1) in 2009-2013 to 19.5% (SD 5.6) in 2014-2018 (p=0.049, Figure 6). Infection-
related admissions lasted longer than non-infectious admissions (mean 7.3, SD 14.8
vs. mean 3.8, SD 13.4; p<0.001) and were associated with an increased in-hospital
mortality (3.57% vs. 0.29%; p<0.001).
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Figure 6. All hospital admissions and proportion of infection-related admissions of MS patients in
Southwest Finland in 2009-2018. From original publication IV, reproduced with
permission of Elsevier.

Over the study period, 336 infection-related admissions were found for 181 MS
patients with 137 of them diagnosed before the beginning of the study period and
with the available disease history documentation in the MS register. A comparison
of baseline characteristics of these patients and other MS patients in hospital district
without infection-related admissions during the study period (reference population,
N=761) is shown in Table 12. MS patients with infection-related admissions were
older (p<0.001), more disabled (p<0.001) and more often male (p<0.001) as
compared to reference population. They had longer disease duration (p<<0.001) and
more often progressive disease (p<0.001) than patients without infection-related
admissions. They were more likely to have comorbidities (p=0.006). The proportion
of patients diagnosed before any DMTs were available for MS in Finland (year 1995)
was higher in the infection admission cohort (p<<0.001). Patients without infection-
related admissions had a DMT at the beginning of the study period more often than
patients in the infection cohort (p<<0.001). The number of recent relapses was not
associated with infection-related admissions nor were BMI or smoking, but data was
available for only a minority of patients. Nearly every fifth (19.7%) of patients in the
infection cohort died during the study period with the mean age at death being 67.9
years (SD 12.3).
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Table 12. Demographic baseline characteristics of MS patients hospitalized for infection during
2009-2018 compared to other MS patients in Southwest Finland.

Infection (N=137) Other (N=761) Adjusted p-value
Sex — N (%) <0.001
Women 76 (55.5) 566 (74.4)
Age (years) — N;Mean (SD) 137;54.3 (11.02) 761; 46.1 (12.67) <0.001
Disease Course — N (%) <0.001
RRMS 0(29.2) 540 (71.0)
SPMS 67 (48.9) 135 (17.7)
PPMS 3(16.8) 54 (7.1)
UNS 7 (5.1) 2 (4.2)
Time Since MS Diagnosis 137;15.4 (9.63) 761;10.1 (9.18) <0.001
(years) — N; Mean (SD)
Diagnosis Year — N (%) <0.001
<1995 69 (50.4) 189 (24.8)
Latest EDSS score — N; 33;5.0(0.0, 7.5) 324;2.0 (0.0, 8.0) <0.001
Median (min, max)
Ongoing DMT — N (%) <0.001
Yes 29 (21.2) 387 (50.9)
Number of relapses in 0.057
past year — N (%) *
0 90 (65.7) 530 (69.6)
1 17 (12.4) 103 (13.5)
2 0 31 (4.1)
23 0 11(1.4)
Comorbidities 0.006
0 104 (75.9) 661 (86.9)
1 8 (20.4) 83 (10.9)
2 4(2.9) 16 (2.1)
23 1(0.7) 1(0.1)
Mean (SD) 0.3 (0.56) 0.2 (0.44)

DMT, disease modifying therapy; EDSS, Expanded Disability Status Scale; PPMS, primary
progressive multiple sclerosis; RRMS, relapsing remitting multiple sclerosis; SD, standard
deviation; SPMS, secondary progressive multiple sclerosis; UNS, course of the disease
unspecified. *, only patients with RRMS and SPMS included.
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Altogether 35 patients (57.1% male) had recurrent (>2) admissions due to an
infection during the study period. The median number of admissions was 3 (IQR 3—
5). At the time of the first admission, these patients were severely disabled (median
EDSS 8, IQR 7-8) with a mean age of 57.5 years (SD 10.0). Most of them had never
used a DMT (71.4%) and only 14.3% of them had been treated with a DMT during
the study period. At the time of admission due to the first infection, three of these
patients were being prescribed natalizumab and one patient used azathioprine while
the rest did not have an ongoing DMT.

In the multivariable logistic regression analysis, gender, age and latest EDSS
score were predictors of infection-related admissions while disease course, diagnosis
year and ongoing DMT were not predictive. The probability for women to fall into
infection group was 45% lower than for men (OR 0.55; 95% CI 0.31-0.99; p=0.042).
Keeping gender and latest EDSS score at a fixed value, every year of increase in age
increased odds to fall into the infection group by 6% (OR 1.06; 95% CI 1.02—1.10;
p=0.003). Every unit increase in latest EDSS score increased the odds to fall into
infection group by 48%, when gender and age were kept at a fixed value (OR 1.48;
95% CI 1.20-1.84; p<0.001).
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6.1 Interpretation of study results

6.1.1 Epidemiology of multiple sclerosis (Studies | and Il)

Earlier studies have shown Finland to be a high-risk country for MS with prominent
interregional differences in the occurrence (Sumelahti et al. 2001; Sarasoja et al.
2004; Aivo et al. 2017). Our epidemiological study was the first to cover any part of
eastern Finland during the era of modern diagnostic methods and confirmed that
there is an east-west gradient in the MS epidemiology in Finland. The incidence and
prevalence rates were a third higher in southwest compared to the easternmost
region, but incidence rates differed only in the age group of 20-39 years. Gender
distributions between the studied regions are different as the population of North
Karelia is declining and young women tend to migrate to southern Finland more
often than men. Indeed, the male population with the age of 2039 years is more than
10% larger than female population in North Karelia while in Southwest Finland, the
gender difference is a mere 2%. Considering the high MS incidence in young
women, demographic factors may partly explain the difference in MS epidemiology
in our study.

Similarly to our results, already the first Finnish epidemiological studies on MS
in 1960s reported regional differences in MS prevalence with the highest occurrence
in western and southwestern area and lowest in eastern area (Rinne et al. 1968). The
reasons for these interregional differences are unknown, but it is probable that gene—
environment interactions play a part. There are marked genetic differences between
castern and western Finns (Kerminen et al. 2017) but no significant regional
variation has been reported in Finland concerning gene variants HLA DRB1*15:01
and HLA A02 which are believed to have the strongest association with the MS risk.
The HLA B35 haplotype is more common in eastern than western Finland (Sirén et
al. 1996) but findings on the effect of this allele on the MS risk are conflicting.
Previous studies have reported a protective effect in MS but a recent Bahraini study
observed HLA B35 to be more common in MS patients compared to controls (Al-

57



Anna-Leena Pirttisalo

Nashmi et al. 2018; Madigand et al. 1982; Saleem et al. 2007; Salier et al. 1986).
Genetic background differs also in the known high-risk MS region of South
Ostrobothnia while the southern part with highest MS occurrence was inhabited from
the southwestern and northern part from eastern Finland (Tienari et al. 2004). During
the last century, the South Ostrobothnian population has however remained
genetically relatively stable compared to other Finnish regions (Kerminen et al.
2021). In addition to genetics, environmental and lifestyle factors may have a role in
uneven MS occurrence. The properties of soil and drinking water were speculated as
possible explanations in early epidemiological studies in Finland (Wikstrom 1975).
Indeed, MS clustering in western regions of Finland has been observed to coincide
well with mires and severe acid sulphate soils in terms of metal leaching (Faltmarsch
2010; Héasénen et al. 1986). Unfortunately, there is no data available on the
association of the uneven geographic distribution of MS in Finland and known
environmental risk factors for MS, such as vitamin D levels, EBV-infections and
smoking.

In most MS studies conducted in Finland, internationally comparable
standardized rates were not available. This makes comparison of different studies
difficult as standardization of epidemiological figures enables more reliable spatial
and temporal comparisons between studies conducted in different populations and
time periods. Reporting of only crude rates is unfortunately common as a review on
epidemiological studies from Europe reported that only 37% of included studies had
provided standardized rates (Kingwell et al. 2013). To enhance comparability of the
epidemiological figures in Study II, we calculated age-standardized prevalence rates
in several hospital districts using both unpublished and old data. We recalculated
these rates also for Southwest Finland and North Karelia using the whole population
as a reference instead of the at-risk population used in Study 1. The highest age-
standardized prevalence was observed in known high-risk areas of MS, South
Ostrobothnia (288/100,000) and Southwest Finland (251/100,000). Accordingly, a
high MS incidence of 14.7-15.3/100,000 has been reported earlier from South
Ostrobothnia (Holmberg et al. 2013) and our results from Southwest Finland were
quite similar when the same at-risk reference population was used. Age-standardized
MS incidence in the whole population of Southwest Finland was naturally lower,
9.2/100,000 person-years. Indeed, inter-study comparisons are further hampered by
the use of different reference populations.

Similarly to earlier reports worldwide, a clear trend of increasing MS prevalence
throughout the decades was observed in our study. Taking into account the rather
stable incidence figures during most of this time, the most important factor behind
the increasing prevalence is probably the improved survival of MS patients. This is
supported by the shift towards an older age distribution in the age-specific
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prevalence curve during the last decades. In addition, earlier and more accurate
diagnostics and increasing F/M ratio combined with the longer life expectancy of
women may contribute to the increasing prevalence figures. Our review of previous
epidemiological studies also detected some increase in the MS incidence in Finland
as well, but when comparing only studies with the same background population and
methods, a marked increase occurred in several regions only in the 1990s
concurrently with improved availability of MRI. The use of MRI in MS diagnostics
increased from 36% of cases in 1980s to 98% in 2000s in western hospital districts
and from 10% in 1979-1983 to 97% in 1994-1998 in Central Finland (Holmberg et
al. 2013; Sarasoja et al. 2004), allowing a better case ascertainment. The introduction
of new diagnostic criteria for MS in 1983, 2001, 2005, 2010 and 2017 have each
enabled earlier MS diagnosis and thus may have increased the number of new
diagnoses, but an increase in incidence figures can be also seen between revisions.
In addition to improved diagnostics, the first injectable DMTs entered the market in
Finland in 1995 and made earlier diagnosis more relevant compared to era with no
treatment options available for MS. However, longitudinal studies in neighboring
countries show increasing MS incidence already decades before the widespread use
of MRI, the new diagnostic criteria and the introduction of DMTs (Grytten et al.
2016; Koch-Henriksen et al. 2018). Overall, it is likely that changes in the
diagnostics of MS partly explain increase in incidence, but regional differences in
these changing rates suggest also the influence of environmental factors.

The high MS rates and increasing epidemiological figures in Finland are similar
to other Nordic countries. The most reliable longitudinal data on MS incidence is
from Denmark and Norway, where the incidence has increased during the last half
century but regional differences are prominent, similar to Finland (Benjaminsen et
al. 2014; Grytten et al. 2016; Koch-Henriksen et al. 2018; Willumsen et al. 2020). In
Sweden, a high nationwide prevalence of 189/100,000 was reported in 2008 and in
Norway an even higher prevalence of 208/100,000 was estimated in 2013 (Ahlgren
et al. 2011; Grytten et al. 2015). No nationwide study has been conducted in Finland
during the last decades but our results together with previous reports suggest rather
similar nationwide figures. The traditional latitude gradient of MS epidemiology has
been questioned recently in the northern hemisphere (Koch-Henriksen & Serensen
2010) and Finnish results do not truly support this gradient. The high MS rates in
Nordic countries do, however, suggest that their geographical position may be
associated with the risk of MS. The possibility of shared environmental factors is
supported by the fact that Finland is a genetic isolate with its own disease heritage
(Cavalli-Sforza & Piazza 1993; Norio 2003a, 2003b, 2003c) while Swedes are
genetically closer to Germans and Britons than to Finns (Salmela et al. 2008).
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A female preponderance and the increasing F/M ratio in MS incidence have been
reported globally (Koch-Henriksen & Serensen 2010). We reported a ratio of 2.6 in
Southwest Finland, which is in line with these observations but there was
surprisingly no gender difference in North Karelia in new MS diagnoses. For some
unknown reason, the age-specific incidence for women aged 20-39 was quite low in
North Karelia and the F/M ratio in this age group was only 0.5. The cause of the
globally reported growing female preponderance is not clear, but the rapidly
changing F/M ratio suggests environmental factors and could be derived from
women’s changing lifestyles over the past decades. Urbanization has been postulated
as one possible factor accounting for the increased female incidence of MS. Among
Cretans, the F/M ratio increased markedly over three decades in tandem with a
transition from rural to urban living while the ratio remained more stable in rural
areas (Kotzamani et al. 2012). Taking into account migration from eastern Finland,
urbanization could have a role in our results as well. As another possible explanation
for increasing F/M ratio, it is known that particularly women’s smoking has
increased during the second half of the 20th century. Interestingly, smoking
decreased markedly among men while increasing slightly among women in Finland
concurrently with the increasing F/M ratio in the MS incidence in 1964—1978 (Leppo
& Puska 2003).

Our results strengthen earlier reports that there is an uneven distribution of MS
in Finland and bring new and comparable data on MS epidemiology in eastern,
western and southwestern regions of Finland. The reasons for these interregional
differences remain unknown but a multifactorial explanation is probable including
interactions between susceptibility genes and environmental factors.

6.1.2 Hospital admissions in multiple sclerosis patients
(Studies Ill and 1V)

MS patients use health care services more than the general population (Pohar et al.
2007). In view of the increasing MS prevalence observed in our study as well as
worldwide, it is to be expected that the burden on the health care system will grow.
Despite this, previous studies from Canada have reported decreased hospitalization
rates for MS patients over the last decades (Evans et al. 2012; Marrie et al. 2014).
Our results were consistent with those Canadian findings as hospital admissions of
MS patients were shown to decrease over the study period 20042014 in Finland and
2009-2018 in Southwest Finland.

The reduction in the hospitalization rate observed in our study may be related to
a more fundamental change in the management of MS. Generally in severe and
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disabling diseases with unknown etiological mechanisms, direct health care costs
consist largely of hospital admissions while overall costs also take into account
production losses. When underlying mechanisms of diseases become more clear and
effective treatments are introduced, costs typically shift from inpatient care and
rehabilitation to outpatient care (Kobelt et al. 2017). Similar changes can be detected
in MS. Before the mid-1990s, hospital admissions were reported to account for the
majority of direct health care costs in MS patients but in parallel with improved
diagnostics and treatment protocols, costs have shifted towards outpatient care
(Asche et al. 1997; Henriksson 1998; Kobelt et al. 2006). In a recent Finnish study,
DMTs were responsible for over 50% of direct health care costs while inpatient care
accounted for 38%. These direct costs represented 25% of the total costs i.e.
productivity losses contributed most to the total cost burden (Ruutiainen et al. 2016).

In a recent population-based cohort study, increased DMT use over two decades
was associated with a reduction in all-cause and MS-specific hospitalizations among
Canadian population (Al-Sakran et al. 2019). Even though the association with DMT
use was not examined in our study, the study periods were selected to coincide with
the apparent change in the treatment of MS in Finland. Treatment evolved
significantly from 2004 to 2018 while several new and more potent DMTs became
available in Finland. Statistics of reimbursements from KELA show that the number
of patients eligible for reimbursed DMTs almost doubled during the first study
period 2004-2014. The use of natalizumab increased also from 2006 to 2012 steadily
before decreasing to 300 patients in 2014. Earlier initiation and wider use of MS
therapies and use of more effective DMTs has been shown to reduce the rate of
relapses as well as delaying the progression of MS to the severe disability stage (Rae-
Grant et al. 2018; Claflin et al. 2019; Kavaliunas et al. 2017). As relapses are a
frequent cause of hospitalizations in MS, the development of DMTs may have
reduced the need of inpatient care of relapses in our study patients. The number of
procedures used for advanced MS, such as intrathecal baclofen delivery device
implantation, PEG implantation and plasmapheresis, remained rather low throughout
our study period 2004-2014 and no apparent change in the numbers of these
procedures was observed but the study period may have been too short to detect such
a change.

In Canadian studies, the decline in hospitalization rates started already before
introduction of DMTs and was suggested to relate to changes in health care delivery
(Evans et al. 2012; Marrie et al. 2014). In our study, decreased hospital admissions
may reflect some changes in the delivery of health care services, including the
treatment and management of MS patients in an outpatient rather than an inpatient
setting. In addition, a general transition from inpatient to outpatient care has occurred
in Finland during our study period while the number of hospitals and hospital beds
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in Finland has declined significantly (Statistics of OECD). However, the annual
reports of somatic health care by THL showed only a slight decrease in nationwide
hospital admissions to specialized health care and rather increasing admission rates
to neurology wards during the study periods (THL statistics of specialized somatic
health care). The decline in hospitalizations is not explained by any change in MS
prevalence since the number of MS patients has increased in Southwest Finland and
occurrence is increasing in other Finnish regions as well.

6.1.3 Infection-related admissions (Studies Il and 1V)

Previous studies have shown that MS patients are more likely to be hospitalized for
infections than the general population (Wijnands et al. 2017; Al-Sakran et al. 2020).
Higher susceptibility to infections has been observed already before MS diagnosis
and functional limitations may increase the infection risk further (Castelo-Branco et
al. 2020). The rate of these infection-related hospital admissions has not been studied
before to our knowledge. In our nationwide admission study of MS patients, the
annual number of infection-related hospital admissions remained stable, but their
proportion of all admissions increased as the overall admissions had decreased over
the study period 2004-2014. However, the subsequent study of Southwest Finland
showed that both frequency and proportion of admissions related to infections
decreased from 2009 to 2018. In view of the increasing use of more potent DMTs
and infection risk related to them, this was unexpected. After all, a decrease of
infection-related admissions may be related to the adoption of the new therapeutic
options for MS during the past decade, because DMTs may delay disease progression
and thus decrease the risk of serious infections (Claflin et al. 2019).

Our results showed that patients with infection-related admissions were older
and they had a longer disease duration, more often progressive disease and more
disability compared to other MS patients in the hospital district. In line with F/M
ratio in epidemiological figures, only one quarter of MS patients in the reference
cohort were male and the majority of all patients admitted to hospital were female.
However, the proportion of males was clearly higher among the patients with
infection-related admissions and more than half of the patients with recurrent
infection admissions were male. A similar gender distribution in infection-related
health care use has been reported in Canada and Sweden (Wijnands et al. 2017;
Montgomery et al. 2013). A more rapid disease progression is often observed in men.
In a large register-based study, male relapse-onset patients were observed to
accumulate disability faster than female patients. No similar gender difference in the
progression rate was reported in PPMS patients (Ribbons et al. 2015). However,
PPMS is more common in men with F/M ratio of 1 and patients with PPMS often
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accumulate disability faster compared to relapse-onset MS (Miller & Leary 2007,
Menon et al. 2013;). Indeed, functional limitations related to more advanced disease
may increase the infection risk of male patients and explain the gender distribution
in the infection cohort. Patients with infection-related admissions had also more
comorbidities compared to other MS patients, which has been shown to be associated
with an increased risk of hospitalizations in MS population (Marrie et al. 2015).

Although MS treatment may predispose patients to general and opportunistic
infections, MS patients with infection-related admissions had received less DMTs
than the reference group and most MS patients with recurrent infection admissions
had never had a DMT for MS. They had more advanced disease and use of DMTs is
indeed more common in younger patients with a relapsing form of MS and a lower
level of disability. Similar results have been reported concerning the current
coronavirus infection (COVID-19) pandemic as the severity of COVID-19 has been
observed to be associated with neurological disability in MS patients rather than the
use of DMTs (Louapre et al. 2020). Increased susceptibility to COVID-19 has been
reported in MS patients similar to other infections, but the use of DMTs has not been
associated with the risk or outcome of COVID-19 apart from increased risk of severe
infection suggested for anti-CD20 therapy (Sormani et al. 2021; Sepulveda et al.
2021).

A recent Swedish study observed that the use of second-generation DMTs and
especially off-label use of rituximab were associated with a higher risk of serious
infections (Luna et al. 2019). In our study, the use of these DMTs was limited as the
proportion of traditional injectable therapies among all of the used DMTs was 76%
in the infection cohort and even 90% in the reference cohort. Natalizumab was
slightly more common in the infection cohort and there were three patients with
recurrent infection admissions using natalizumab at the time of the first infection. In
one of these patients, PML was the infection causing the first hospital admission and
related clearly to natalizumab therapy. Treatment practices may differ between
countries and particularly off-label use of rituximab is much less common in Finland
than in Sweden. In 2019, 12% of the MS patients receiving DMTs in Turku
University Hospital and 2% of the MS patients on DMTs in Finland were using
rituximab (www.neurorekisteri.fi). In Sweden, the use of rituximab is markedly
higher and the rate of rituximab prescriptions in relation to other annually started
DMTs reported to be as high as 53% (Berntsson et al. 2018). In addition, the baseline
date i.e. the end of 2008 restricted the proportion of patients with the newest DMTs
in our data as several high-efficacy DMTs have only been introduced during the last
decade. Therefore, firm conclusions on their risk of infections cannot be drawn in
this setting.
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MS patients have been observed to have an increased risk for infection-related
mortality (Montgomery et al. 2013; Manouchehrinia et al. 2016). Similarly to these
earlier reports, our study showed that infection-related admissions were longer and
associated with an increased in-hospital mortality when compared to other hospital
admissions of MS patients. The most common infection diagnoses were acute
pyelonephritis (N10) and bacterial or unspecified pneumonia (J15.9/J18.9), which is
in line with earlier findings (Wijnands et al. 2017; Persson et al. 2020). Functional
limitations associated with MS, such as bladder dysfunction and dysphagia, may
predispose to these infections. Indeed, common infections in MS patients leading to
hospitalization are the usual types and although some DMTs may increase the
incidence of PML or hepatitis B, these diseases remain rare in the whole MS
population. As disability increases the risk of serious infections, effective MS
therapy is highly important in preventing infections in MS patients. However, it is
necessary to undertake an in-depth assessment of infectious risks associated with
DMTs in order to ensure safe and successful MS treatment.

6.2 Strengths and limitations

Study I was the first epidemiological report covering any part of eastern Finland
utilizing current diagnostic methods. The hospital districts of Southwest Finland and
North Karelia comprise over 11% of the population of Finland and the results
confirmed an east-west gradient in MS epidemiology in Finland. In Finland, MS is
exclusively diagnosed and mostly treated by neurologists working in public health
care, which is why the prevalence and incidence cohorts in the regions of interest are
highly representative. In Study II, methodological differences hampered direct
comparisons of different studies. In order to enable comparisons of studies from
different regions and study periods, we calculated age-standardized prevalence rates
in several hospital districts from 1980 to 2016.

Our Studies III and IV were the first to examine health care use of MS patients
in Finland. Limitations of these studies include their retrospective design and
reliance on administrative data. However, Finnish CRHC has been observed to be
reliable for data collection (Sund 2012) and coverage and validity of Finnish MS
register is high. Since the MS register was launched in the beginning of 2014 and
only patients alive at the time were included, we do not have the descriptive data of
MS patients dying before the initiation of the register. In addition, the MS register
does not extend to primary health care and thus may lack some data on patients
without DMT followed-up in the later stages of the disease in municipal health
centers. Some patients with advanced disease and no neurological follow-up may
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have been taken into primary care wards with infections. However, including these
cases would only have strengthened our conclusions as these patients do not have
ongoing DMTs. The proportion of patients with the most potent new DMTs was
modest in our data, which prevents us from making firm conclusions on their risk of
infections.

6.3 Clinical implications and suggestions for future
research

Our results confirmed that Finland is a high-risk MS region with marked regional
differences in MS epidemiology. The reasons behind an uneven geographic
distribution of MS are not known but gene-environment interactions are suggested.
More detailed and comprehensive studies on MS epidemiology are still needed to
yield important information concerning the etiology of the disease. Investigating
birth cohort exposures in different Nordic regions with distinct MS incidence trends
could provide new insights on the subject (Sipild 2021). Reliable nationwide
research on MS epidemiology would also be warranted in Finland similarly to its
neighboring countries, i.e. the last Finnish countrywide MS studies date back to
1970s before the introduction of modern diagnostic methods. An increasing use of
prospective MS registries may be of great value for future epidemiological
evaluations. Moreover, similar internationally comparable standardization of
epidemiological figures would make it possible to obtain better geographical and
temporal comparisons. These epidemiological evaluations could have important
scientific implications for the pathogenesis, clinical work and health care planning
of MS.

Hospital admissions of Finnish MS patients have not been studied before. Our
study showed that hospital admission rates and costs related to hospital admissions
in MS patients declined markedly from 2004 to 2014 in Finland. During the second
study period (2009-2018), admissions decreased further in the hospital district of
Southwest Finland. Considering the increasing prevalence of MS, information on the
health care use of MS patients is essential if one wishes to understand the changing
burden of MS on the health system, assess costs and benefits of new DMTs, and plan
for future needs. Intermittent follow-up of these hospitalization rates is an important
part of a comprehensive cost-effectiveness and safety evaluation of developing MS
therapies. Infection-related hospitalizations were longer and displayed an increased
in-hospital mortality, highlighting the health impact of infections and the importance
of infection prevention among MS population. The association of infection-related
hospital admissions with advanced disease and the lesser use of DMTs underline the
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importance of preventing disability progression in infection prevention in MS. More
studies are needed to clarify the role of DMTs in preventing the long-term disability
progression in MS.
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Conclusions

In this thesis, we evaluated regional differences of MS epidemiology in Finland by
reviewing previous studies on the subject and introducing new epidemiological data
on western, southwestern and eastern regions of Finland. Another aim was to
examine trends in hospital admissions of MS patients, role of infections and factors
predisposing to infection-related admissions. On the basis of the results of this thesis,
the following conclusions can be drawn.

1.

We observed age-standardized MS prevalence of 251/100,000 in
Southwest Finland and 150/100,000 in North Karelia in the end of 2016,
highlighting regional differences in MS epidemiology in Finland. The
age-standardized MS incidence in 2012-2016 was 9.2/100,000 person-
years in Southwest Finland and 6.5/100,000 person-years in North
Karelia. In addition to possible gene-environment interactions,
demographic circumstances may partly explain these regional differences.

A clear and stable increase in MS prevalence was observed over five
decades while the incidence has increased only since the 1990s. The
uneven geographic distribution of MS in Finland was confirmed with the
concentration of the disease in the western and southwestern parts of the
country. We detected the highest regional age-standardized MS
prevalence of 288/100,000 in South Ostrobothnia in 2007. Age-
standardization of epidemiological figures enables a comparison of
different epidemiological studies worldwide.

Annual MS-related hospital admissions and costs related to them declined
in Finland from 2004 to 2014 while the proportion associated with
infections increased. Infection-related admissions lasted longer and were
associated with increased in-hospital mortality emphasizing the
importance of infection prevention.

Hospital admissions, with or without infections, decreased further in MS
patients of Southwest Finland from 2009 to 2018. Infection-related
admissions were associated with male gender, older age and disability
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while DMT use was more common in the control population. This
underlines the importance of preventing disability progression in infection
prevention in MS.

Our study confirmed clear regional differences and high epidemiological figures in
western and southwestern hospital districts of Finland. In addition, our results
revealed the decreasing rate of hospital admissions in MS patients during the study
periods which coincided with an increase in the use of DMTs. Importantly, patients
with infection-related hospital admissions had used less DMTs than the reference
population.
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