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ABSTRACT 

The epidemiology of multiple sclerosis (MS), an autoimmune inflammatory disease 
of the central nervous system, is characterized by uneven global and regional 
distribution. The highest prevalence and incidence figures are reported from North 
America and Europe, where especially Scandinavia is considered an area of high MS 
risk. One area of globally high risk in Finland is the Seinäjoki region, South 
Ostrobothnia, in western parts of the country, which was already seen in the first 
epidemiological studies in the 1960s. Another area of high risk is located in 
Southwest Finland. Globally, the incidence and prevalence of MS have been rising, 
and studies from Western Finland show similar trends. Survival in MS is reported to 
be shortened by several years, and shorter if other illnesses, comorbidities, occur. 
MS is a progressive disease, eventually leading to disability accumulation and 
difficulties in everyday life, both of which are also increased by comorbidities. Risk 
of comorbid diseases is reported to be increased among the MS population, and 
especially vascular diseases worsen survival in MS. The risk of infections is high, and 
they are the main cause of death in this population. 

The main aim of this thesis is to examine the trajectory of MS from an 
epidemiological point of view, divided in three more specific aims covered in four 
original studies. The first aim was to update incidence and prevalence trends and 
study disability distribution in high- and medium-risk areas in Western Finland 
(studies I and II). The second aim was to assess common comorbidities and their 
effects on survival for the first time in the Finnish MS population (study III). The 
third aim was to describe the end-of-life circumstances in the MS population, 
including disability distribution, causes, and places of death (study IV). The data were 
derived from hospital patient registers in Seinäjoki, Vaasa, Tampere, and Turku, and 
archives of Statistics Finland. 

In study I, the incidence of MS increased significantly from 1981 to 2010, most 
remarkably among women and the relapsing-remitting course of the disease (RRMS). 
In Seinäjoki and Vaasa, the increasing trend stabilized in the last 10-year period of 
the study, 2000-2010. The age-adjusted incidence/105 was highest in Seinäjoki, 12.5, 
being twofold compared to 6.7 in Pirkanmaa, and significantly higher than 8.3 in 
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Vaasa. Following similar trends, the results of study II from 2000 to 2010 show that 
the prevalence of MS increased by 58% among women and 31% among men. Here 
as well, the increase was more remarkable in the RRMS group, 60%. The most 
remarkable increase was seen among women in Seinäjoki and Vaasa, where the 
standardized prevalence/105 in 2010 was 276 in Seinäjoki and 226 in Vaasa. In 
Pirkanmaa, the rate was 149. Disability in 2010 was mild in the majority of RRMS 
cases, whereas in the PPMS group, disability was more often severe (EDSS 6.0 or 
more). The analysis in study III assessing comorbidities and survival from 2004 to 
2012 found significantly higher ORs in the MS population for cerebral stroke and 
hemorrhages, diabetes mellitus type 1, and infections. The mean lifetime survival in 
MS was 82.4 years, three years shorter than in the matched control population. With 
cardiovascular comorbidity, the survival time in MS was even worse, 79.5 years. 
Assessing the end-of-life circumstances of MS patients from 1981 to 2010 in study 
IV, the mean age at death was 57.4 years. In the majority of cases, disability before 
death was severe (EDSS 6.0 or more). The immediate cause of death (ICD) was an 
infection in 51% of cases, whereas MS was the main underlying cause of death 
(UCD) in 58% of cases. Cardiovascular causes were seen as ICD mainly in the ages 
60 years and older and suicide in the youngest group, under 50 years old. Most often 
MS patients perished in hospital wards.  

Our results corroborate earlier findings from the high-risk area in Western 
Finland and show increasing trends in the incidence and prevalence of RRMS, 
especially among women. In the future updating the epidemiological figures from 
this historically unique area of high MS risk remains important. Epidemiological 
studies provide important background information when plans for future health care 
are being made, as well as important data for future studies of the efficacy of disease 
modifying treatments, which are important reasons to continue research in this area. 
In future studies, we hopefully see the effects of new disease modifying medications 
on disability and survival. Cardiovascular comorbidities significantly affect survival 
in MS, which is why it is important to pay attention to the primary prevention of 
these diseases in the MS population. The inspection of disability results show that 
greater disability is more often seen in PPMS and is quite common at the end of life. 
Regarding the accumulation of disability toward the end of life, cut points to create 
plans for the care at the end of life should be adopted, to ensure proper utilization 
of palliative care in this patient group as well.  
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TIIVISTELMÄ 

Multippeliskleroosin eli MS-taudin esiintyvyys on maailmanlaajuisesti ja alueellisesti 
epätasaista. Suurimmat esiintyvyydet on raportoitu Pohjois-Amerikasta ja 
Euroopasta, etenkin Skandinavian alueelta. Jo ensimmäisissä suomalaisissa 
tutkimuksissa 1960-luvulla todettiin, että Seinäjoen alue (Etelä-Pohjanmaa) Länsi-
Suomessa edustaa korkean riskin aluetta, niin maamme sisällä kuin 
kansainvälisestikin. Vastaavanlainen korkea riski on todettu myös Lounais-
Suomessa. Niin meillä kuin maailmallakin MS-taudin insidenssi ja prevalenssi ovat 
kasvaneet viimeisten vuosikymmenten aikana. MS-tauti on luonteeltaan etenevä, 
johtaen lisääntyvään toimintakyvyn heikkenemiseen. Oheissairastavuuden riski on 
MS-potilailla kohonnut, mikä on merkittävää siksi, että etenkin sydän- ja 
verisuonitaudit lyhentävät MS-potilaiden elinikää. Ilman oheissairauksiakin MS-
potilaiden elinikä on lyhentynyt keskimäärin muutamilla vuosilla ikätovereihin 
nähden. Useimmiten MS-potilaan kuolinsyy on jokin infektio.  

Tämä väitöskirja koostuu neljästä alkuperäisjulkaisusta. Tavoitteina oli päivittää 
tietoja insidenssista ja prevalenssista sekä toimintakyvyn alenemasta korkean ja 
keskisuuren riskin alueilta Länsi-Suomesta (tutkimukset I ja II). Lisäksi tavoitteena 
oli ensimmäistä kertaa selvittää oheissairauksien yleisyyttä ja niiden vaikutusta 
elinikään suomalaisessa MS-populaatiossa (tutkimus III). Kolmas tavoite oli 
kartoittaa elämän loppuvaihetta, eli toimintakykyä ennen kuolemaa, kuoleman 
paikkoja sekä kuolinsyitä (tutkimus IV). Aineistot tutkimuksiin kerättiin Seinäjoen ja 
Vaasan keskussairaaloiden sekä Tampereen ja Turun yliopistollisten sairaaloiden 
potilasrekistereistä sekä Tilastokeskuksen kuolintodistusarkistosta. 

Tutkimuksessa I vuosien 1981 ja 2010 välillä ikävakioitu insidenssi/105 oli 
Seinäjoella 12.5, kaksinkertainen verrattuna Pirkanmaan lukemaan 6.7, ja korkeampi 
kuin 8.3 Vaasassa. Merkittävin nousu nähtiin naisten joukossa Seinäjoella ja Vaasassa 
80- ja 90-lukujen välillä. Nousu tasoittui vuosituhanteen vaihteen jälkeen. 
Tutkimuksessa II todettiin prevalenssissa nousutrendi, kun vuodesta 2000 vuoteen 
2010 nousua oli aaltomaisen tautimuodon ryhmässä 60%, ja koko aineistossa naisten 
joukossa 58%, miesten joukossa 31%. Merkittävin nousu todettiin Seinäjoen ja 
Vaasan alueilla naisten joukossa. Vuonna 2010 vakioitu prevalenssi/105 oli 276 
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Seinäjoella, 226 Vaasassa ja 149 Pirkanmaalla. Toimintakyvyn alenema vuonna 2010 
näyttäytyi lievänä aaltomaisen tautimuodon ryhmässä, kun taas tasaisesti etenevässä 
ryhmässä useammin vaikeampana. Tutkimuksessa III vuosien 2004 ja 2012 välillä 
keskimääräinen elinaika oli 82.4 vuotta, joka oli 3 vuotta lyhyempi kuin ikä- ja 
sukupuolivakioidulla verrokkiväestöllä. Sydän- ja verenkiertoelimistön sairaus 
lyhensi MS-populaatiossa entisestään elinaikaa 79.5 vuoteen. MS potilailla oli 
kohonnut riski aivoinfarkteihin ja -verenvuotoihin, tyypin 1 diabetekseen sekä 
infektioihin. Tutkimuksessa IV vuosien 1981 ja 2010 välillä keskimääräinen MS-
potilaiden kuolinikä oli 57.4 vuotta. Yleisin välitön kuolemansyy oli infektio 51 %:ssa 
tapauksista. MS-tauti puolestaan oli yleisin peruskuolemansyy, 58 %:ssa tapauksista. 
Sydän- ja verisuonitautien osuus korostui 60-vuotiaissa ja sitä vanhemmissa 
vainajissa, kun taas itsemurhat alle 50-vuotiaissa. Yleisin kuolinpaikka oli sairaalan tai 
terveyskeskuksen vuodeosasto. Useimmissa tapauksissa kuolemaa edeltänyt 
toimintakyvyn alenema oli vaikea-asteista.  

Tämän väitöskirjan tulokset vahvistavat aiempaa käsitystä Länsi-Suomen korkean 
riskin alueista ja osoittavat tasoittuneen kasvutrendin insidensissa ja edelleen 
jatkuneen kasvutrendin prevalenssissa aaltomaisen tautimuodon ryhmässä, etenkin 
naisten joukossa. Tulevaisuudessa on edelleen tärkeää seurata tämän historiallisen 
pitkään seuratun korkean riskin alueen epidemiologisten lukujen kehitystä, etenkin 
kun uusien lääkehoitojen vaikutus sairauden kulkuun ja ennusteeseen alkaa toivon 
mukaan tulla esiin. Seuranta on merkityksellistä myös siksi, että epidemiologinen 
tutkimus tarjoaa taustatietoa tulevaisuuden terveyspalveluita suunniteltaessa.  MS 
taudissa etenkin verisuoniperäinen oheissairastavuus vaikuttaa merkittävästi 
elinikään, minkä vuoksi näiden sairauksien ennaltaehkäisyyn tulisi panostaa tässäkin 
potilasjoukossa. Toimintakyvyn heikkeneminen on vaikeampaa tasaisesti etenevän 
tautimuodon ryhmässä ja etenkin elämän loppuvaiheessa, mitä voitaisiin 
tulevaisuudessa hyödyntää pohdittaessa elämän loppuvaiheen hoidon suunnittelun 
ajoittamista.  
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1 INTRODUCTION 

Multiple sclerosis (MS) is a chronic, progressive autoimmune disease of the central 
nervous system (CNS). Pathological characteristics are inflammation in CNS, 
demyelination, and axonal injury. The onset of MS usually occurs between 20 and 
40 years of age and women are twice as often affected as men (Filippi et al., 2018). 
Categorization into relapsing-remitting (RRMS) and primary progressive (PPMS) 
groups by disease course is widely used. 

Uneven geographical distribution characterizes the epidemiology of MS. 
Scandinavia, North America, and Western Europe are areas of globally high 
incidence and prevalence (MS International Federation, 2021). Incidence of MS has 
been rising in many regions (Lane et al., 2022), mainly among RRMS and women 
(Hawkes et al., 2020; Koch-Henriksen & Sørensen, 2010), stabilizing within the latest 
two decades in some reports (Flemmen et al., 2020). Correspondingly, rising 
prevalence and a rising female-to-male (F/M) ratio have been reported (Kingwell et 
al., 2013). Other epidemiological characteristics of MS are regional differences within 
countries, such as high-risk areas in Sardinia (Urru et al., 2019), Scotland (Kearns et 
al., 2019), and Norway (Grytten et al., 2015), where the highest prevalences are more 
than 200/105. In Finland, western parts of the country were already recognized as 
an area of high risk in the 1960s, when the first epidemiological surveys were made 
(Rinne et al., 1968). In subsequent studies on the incidence and prevalence of 
western Finland up to the 1990s, these findings have prevailed with increasing trends 
(Kinnunen et al., 1983; Sumelahti et al., 2001; Wikström & Palo, 1975). 

According to the leading hypothesis, the onset of MS is a result of a multifactorial 
cascade of certain infectious and environmental events at certain time points in a 
person with genetic susceptibility (Goodin et al., 2021). At the beginning of the 
disease trajectory remyelination repairs the myelin damage, but as the disease 
progresses, reparative mechanisms become insufficient, and the accumulation of 
disability appears to increase (Kuhlmann et al., 2023). Disability and various 
symptoms cause suffering and have an impact on quality of life, affecting several 
aspects of daily living and working ability. MS is one of the major causes of early 
retirement among young adults in Finland (Heinonen et al., 2020b). Various means 
of rehabilitation are commonly needed through the disease trajectory. Toward the 
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end of life, the need for assistance and care often increases, and unplanned 
hospitalization is not a rare event. Most often, the cause of death of an MS patient 
is infection (Manouchehrinia et al., 2016; Sumelahti et al., 2010). 

MS patients have been associated with an elevated risk for comorbidities (Chou 
et al., 2020) like infections, vascular disorders, and depression (Magyari & Sorensen, 
2020), which in turn have a negative impact on overall functional ability, progression 
of MS, options for MS medication, and prognosis (Kowalec et al., 2017; McKay et 
al., 2018). Mortality in MS is almost threefold compared to the general population 
(Manouchehrinia et al., 2016; Sumelahti et al., 2010), and previously reported median 
survival time has ranged from six to twelve years less than in the population overall 
(Cutter et al., 2015; Kingwell et al., 2012). With vascular comorbidity, the gap is even 
wider, which is shown in study III. Other aspects of the end of life, like 
circumstances of death, disability, and care given before death, have been scarcely 
investigated.  

Epidemiological studies provide important background information for the 
needs of future healthcare planning, which in the case of MS should be carefully 
made as the economic burden of MS is significant (Bebo et al., 2022; Purmonen et 
al., 2020). Information on survival and disability distribution from the era of the first 
disease-modifying treatments (DMT) provides an important historical cohort when 
future studies of the efficacy of medications are being conducted. In this thesis, an 
epidemiological trajectory of MS is being studied. In studies I and II, the aim was to 
update incidence and prevalence from an area of high and intermediate risk in 
Western Finland and investigate disability distribution. A survey on comorbidities of 
MS patients has not been conducted in Finland before, which is why we studied 
comorbidities and their effects on survival among the Finnish MS population in 
study III. In study IV of this thesis, we focused on the end of life, investigated causes 
of death among Finnish MS patients and, for the first time from Finnish data, studied 
places of death and stage of disability at the end of life.  
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2 REVIEW OF THE LITERATURE  

2.1 Clinical features of MS 

2.1.1 Overview 

Multiple sclerosis (MS) is an inflammatory autoimmune disease of the central 
nervous system (CNS), which most often manifests at 20–40 years and affects 
women twice as often as men (Filippi et al., 2018). There is also a subtype of pediatric 
onset MS, which is left outside the scope of this thesis. According to the clinical 
course, the disease is usually categorized into active relapsing-remitting (RRMS) and 
progressive disease courses (primary PPMS and secondary SPMS). The nature of the 
disease is progressive, and as time goes by, RRMS usually transforms into a 
secondary progressive phase (SPMS). Typical symptoms of MS are sensory, motor, 
visual, and bladder impairment, difficulties with gait, fatique, and optic neuritis 
(Thompson, Baranzini, et al., 2018). 

Characteristics of MS include demyelinating inflammatory lesions in CNS, which 
may cause symptoms according to the site of the lesion. At the beginning, 
remyelination may take place after acute phases and symptoms recover, but as the 
disease progresses, the reparative mechanisms deteriorate, leading to accumulation 
of disability. Gradual progression becomes evident as the disease progresses 
(Kuhlmann et al., 2023; Thompson, Baranzini, et al., 2018). 

Accumulation of disability leads to worsening of working ability and eventually 
affects activities of daily living. Through the disease trajectory, various rehabilitations 
are usually required, but, MS is still reported to be a major cause for early retirement 
(Heinonen et al., 2020a; Ruutiainen et al., 2016). In disabled persons, the risk of 
infections is high, and infections are most often the eventual cause of death among 
MS patients (Sumelahti et al., 2010). MS has been reported to shorten the average 
life of a patient by 6-12 years (Cutter et al., 2015; Kingwell et al., 2012). 

The initiation of MS pathology remains a mystery, but according to current 
knowledge, certain environmental factors at certain timepoints in a person 
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genetically susceptible for MS are required to launch the cascade that eventually leads 
to the clinical appearance of MS.  

2.1.2 Clinical course and disease progression 

Descriptions of the clinical course of MS were originally presented in 1996 and 
revised in 2013 (Lublin et al., 1996, 2014). Approximately 85% of cases represent 
RRMS and the other 15% PPMS (Thompson et al., 2018). It has been estimated that 
within 15 years after onset, 40% of RRMS cases reach a secondary progressive phase 
(SPMS), when the steady worsening of disability begins (Scalfari et al., 2014). At the 
same time, worsening phases turn milder and eventually subside. The revised 
descriptions also mention clinically isolated syndrome (CIS) as a separate entity, the 
first clinical event of a disease suspected to be demyelinating one but not yet fulfilling 
diagnostic criteria of MS. The revision also presented an assessment of activity to be 
included in the descriptions of clinical phenotypes (Lublin et al., 2014).  

RRMS is characterized by clinical exacerbations, where active inflammatory 
plaques can be seen in magnetic resonance imaging (MRI) and may cause symptoms 
according to the location of the active lesion. At the same time, there can be several 
active lesions reflected in the clinical appearance of the active phase. At the 
beginning of the disease trajectory, remyelination occurs up to some point, and the 
physical symptoms of worsening phases may recover completely. However, part of 
the demyelinated lesion remains, leading to the accumulation of lesion load as the 
disease progresses. Eventually, disability accumulates as well (Thompson, Baranzini, 
et al., 2018). According to the occurrence of worsening phases and MRI activity, 
RRMS can be categorized into active and highly active courses (Current Care 
Guidelines. Working group set up by the Finnish Medical Society Duodecim and the 
Finnish Society of Neurology, 2020). 

The phenotype of PPMS is steadily progressive disability from the beginning. 
There are no clearly distinguishing worsening phases, but the accumulation of 
disability is the characterizing feature. PPMS usually begins 10–15 years later than 
RRMS but is connected to a worse prognosis than RRMS (Thompson, Baranzini, et 
al., 2018). Clinical courses and accumulation of disability are visualized in Figure 1.  

Common initial symptoms of MS are different variations of motor and/or 
sensory deficits, optical neuritis, double vision, and gait difficulties (Sumelahti et al., 
2003). Additional classical problems that tend to occur as the disease progresses are 
bladder dysfunctions, fatigue (which might be present even before diagnosis), 
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spasticity, ataxia and tremor, emotional problems, cognitive deficits, and neuropathic 
pain (Thompson, Baranzini, et al., 2018). 

The most recent publications point out that the clinical course of MS should be 
considered as a continuum, where different pathological processes act concurrently, 
with variation between individuals and over time (Kuhlmann et al., 2023). 

 

 
Figure 1.  The clinical course of MS illustrated, showing the accumulation of disability and disease 

progression in active relapsing disease course, RRMS, eventually reaching the secondary 
progressive phase (the red line) and the steady progression of PPMS (the blue line). The 
light green columns represent inflammatory relapses, which are the hallmark of RRMS 
activity. All activity will not produce clinical exacerbations, which is indicated here with the 
dashed horizontal line of clinical threshold. The pathological events of MS initiate before 
clinical symptoms appear. Clinically isolated syndrome, CIS, is the first clinical event of a 
disease suspected to be demyelinating one but not yet fulfilling diagnostic criteria of MS. 
Reprinted with the permission from Springer Nature. (Filippi et al., 2018)  
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2.1.3 Diagnosis 

Diagnostic criteria from 1970  

Within the last decades, the diagnosis of MS has been defined by specific criteria. 
The core of all the recommendations and criteria has mainly remained the same over 
time. The main element is a diagnosis made by a neurologist, including neurological 
examination and paraclinical investigations, such as MRI, cerebrospinal fluid (CSF) 
analysis, and evoked potentials, especially in the time before MRI. It has always been 
essential to point out proof for the inflammatory and disseminated (in time and 
space) nature of the disease and exclude other options for disorders that could 
explain patients’ symptoms and clinical findings. Currently, the revised McDonald 
criteria are the golden standard for diagnosis.  

In 1965, a committee led by George A. Schumacher created and published 
diagnostic criteria, which became globally established. Based on clinical 
characteristics, a division into possible, probable, and clinically definite MS (CDMS) 
was made. Diagnosis required two or more attacks or progression of signs and 
symptoms, detectable abnormalities of CNS in the neurological examination, age 
between 10 and 50 years at onset, and exclusion of other explanations for the 
situation (Schumacher et al., 1965). 

A group led by Charles M. Poser presented their criteria in 1983. The criteria 
consisted of two main categories, definite and probable, which both had two 
subgroups of clinical and laboratory-supported evidence. For the first time, 
laboratory-supported diagnosis was included, such as inflammatory findings of CSF 
(oligoclonal bands or pathological IgG-index) or pathological evoked potentials in 
neurophysiological studies. A CT scan of the brain, and later MRI, was also included 
as possible investigational methods. The diagnosis of clinically definite MS required 
at least two attacks in different anatomical sites, with a remission time of at least 30 
days in between. The acceptable age at onset was also increased to 59 years (Poser et 
al., 1983).  

The first version of McDonald international criteria was presented in 2001 by a 
panel led by William Ian McDonald (McDonald et al., 2001). MRI became more 
common and was also a more sensitive imaging method for pathological changes. 
Due to the development of imaging studies, more accurate criteria concerning the 
amount and location of lesions and gadolinium enhancement could be defined. 
Frederik Barkhof et al. created criteria for MRI findings in MS diagnosis (Barkhof et 
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al., 1997). After a first attack, certain findings in MRI, sometimes combined with CSF 
findings, could be sufficient to achieve the diagnosis of MS (demonstrating 
dissemination in time and space, DIT and DIS). Among patients with two attacks, 
dissemination in space could be pointed out with MRI. If there was objective proof 
of two lesions (i.e., findings in two different CNS regions in clinical neurological 
examination) in addition to the history of two attacks, there was no need for MRI. 
Cases that fulfilled the criteria only partly were called clinically isolated syndrome, 
CIS. Criteria for primary progressive MS were also introduced. They included 
positive CSF and MRI findings from the brain or spine and progression of at least 
one year or proof of DIT in MRI. The original panel revised the criteria in 2005, 
clarifying the determination of dissemination in time after onset (Polman et al., 2005). 
The position of spinal lesions was also clarified. Later revisions did not affect the 
materials of this thesis as data ascertainment was concluded on 31.12.2010. In the 
2010 revision, the radiological criteria for demonstrating DIT and DIS were 
simplified, and they became possible to point out in a single imaging in some cases 
(Polman et al., 2011). The revisions of 2017 made setting the MS diagnosis more 
sensitive. Earlier diagnosis for a patient with CIS was made possible if DIS was 
demonstrated either clinically or radiologically and oligoclonal bands in the CSF were 
present. Radiological criteria were expanded to include a symptomatic lesion when 
demonstrating DIT and DIS (Thompson, Banwell, et al., 2018).   

Disease course-specific diagnosis 

The 2005 McDonald criteria for RRMS allowed for setting the diagnosis of MS based 
on two or more attacks without additional data, if objective clinical evidence of two 
or more lesions could be shown, which means objective findings in neurological 
examination in two different CNS areas. In the presence of two attacks but only one 
clinical evidence, DIS needed to be proved by MRI, or if MRI did not detect enough 
lesions, a positive CSF as well. A possibility was also to wait for a new attack to 
emerge from different a CNS cite. In case of one attack and objective evidence of 
two or more lesions, DIT needed to be proven by MRI or a second attack. If there 
are objective findings for only one lesion in the case of one attack, DIS needed to 
be shown by MRI or MRI + CSF if there are too few lesions, and DIT by MRI or a 
second attack. DIT was proven if a gadolinium enhancement was seen at least three 
months after initial onset in a site that did not relate to symptoms or if a new T2 
lesion appeared after 30 days of a reference scan. To fulfill the criteria of DIS, three 
of the following four needed to be seen: at least one gadolinium-enhancing lesion or 
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nine T2 lesions if no enhancement; at least one infratentorial lesion; at least one 
juxtacortical lesion; and at least three periventricular lesions (Polman et al., 2005). 

The criteria for PPMS as its own entity was presented in McDonald criteria in 
2001. Criteria included positive CSF findings and imaging studies (DIS by MRI, in 
some cases with positive visual evoked potential [VEP], and DIT proved by MRI or 
progression of more than one year) (McDonald et al., 2001). In the revision of 2005, 
the criteria were simplified. Progression of at least one year was made the main thing. 
In addition, two of the following three were required: positive brain MRI (nine T2 
lesions or four to eight with positive VEP), positive spinal MRI (two lesions), or 
positive CSF (Polman et al., 2005).   

Differential diagnostics  

An important aspect of all diagnostic criteria of MS is that other possible conditions 
that might explain a patient’s symptoms and clinical signs must be ruled out. 
Conditions mimicking MS may be other inflammatory, demyelinating diseases of 
CNS or diseases without inflammatory background, such as neurodegenerative or 
hereditary diseases. When the overall situation of a patient seems not quite right for 
MS, it is especially essential to do blood tests and imaging studies with a larger scope 
than what the diagnostic criteria of MS expect (Miller et al., 2008).  

Inflammatory diseases that might mimic MS include sarcoidosis and vasculitis, 
both of which can also have systemic manifestations, and NMOSD, ADEM, 
CLIPPERS, and Susac’s syndrome in the CNS. Infectious causes are also possible, 
like brain abscess, Lyme disease, or tuberculosis as well as a rare cause. 
Noninflammatory causes include vascular disorders, such as multiple ischemic 
strokes (due to small vessel disorder or connective tissue disorders such as SLE or 
Sjögren’s syndrome), MELAS, CADASIL, Fabry disease, Bechets’s disease, and 
malignancies. Neurodegenerative disorders that may resemble PPMS include 
hereditary ataxias, spastic paraplegia, spinal stenosis, and amyotrophic lateral 
sclerosis.  

2.1.4 Disability assessments 

In MS, disability accumulates in association with relapses (poor recovery) and 
independently through the disease progression trajectory (Lublin et al., 2022; 
University of California Team et al., 2019). The level of disability and disease 
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progression have been shown to correlate to lesion volume, both cortical and deep 
grey matter atrophy (De Stefano et al., 2014; Moridi et al., 2022; University of 
California Team et al., 2019), and impairment of the glymphatic system (Carotenuto 
et al., 2022). 

Systematic assessment of clinical findings, symptoms, and disability is an essential 
part of MS patient visits in health care, providing information on the current 
situation and eventual progression of the disease. It also gives important information 
when medication and rehabilitation are being considered. The most commonly used 
tool is the Expanded Disability Status Scale (EDSS) presented by John F. Kurtzke 
in 1983 (Kurtzke, 1983). It is a nonlinear scale with 20 steps, receiving values from 
0 to 10 (0, 1.0, 1.5, 2.0… 10), which considers symptoms and signs from pyramidal, 
cerebellar, brainstem and sensory systems, and functions of the bladder, bowel, 
visual and cognitive abilities. According to the level of disability and disease burden, 
the scale receives higher values. EDSS points of 3.0 or less correspond to a mild 
disability. At EDSS point 6.0, a walking aid is required, at point 9.0 a patient is 
bedridden. Point 10.0 stands for death due to MS.  

The EDSS has been criticized for several reasons (Weinstock-Guttman et al., 
2022). One reason is inaccuracy, as it is based on clinical examination performed by 
clinicians, where differences in interpretation of certain findings may exist. The scale 
poorly acknowledges the spectrum of cognitive symptoms, fatigue, and quality of 
life, and functions of the upper extremity, as walking ability is the main physical 
function considered. Also, the EDSS has been shown to overestimate the 
accumulation of irreversible disability (Kalincik et al., 2015). 

2.1.5 Disease–modifying treatments 

The target of immunomodulatory MS treatment is to delay the progression of the 
disease and prevent new activity (Hauser & Cree, 2020). It has been shown that 
disease-modifying treatments (DMTs) indeed delay the reaching of EDSS milestones 
by years in RRMS (Lublin et al., 2022). From 1996 to 2012, DMTs have been 
available only for RRMS, which is why this section is mainly concentrated on these 
medications. After 2012, the field of MS medication has taken major developmental 
leaps as many new medications, such as sphingosine-1-phosphate receptor 
modulators and B-cell-depleting therapies, have been presented. Opportunities for 
treating active PPMS and SPMS have emerged as well. DMTs used in 2023 for MS 
in Finland are listed in Table 1. The treatment strategies have also changed. An 



 

28 

escalation approach, moving from milder to more efficient regimens when needed, 
was used when the data of this thesis were gathered. Later, early treatment with high-
efficacy therapies in newly diagnosed RRMS patients has been presented and debate 
on the benefits and risks of both options is ongoing (Freeman et al., 2022). 

First DMTs interferon β (INFβ) and glatiramer acetate (GA) were presented in 
the mid-1990s. They were soon found to be well-tolerated and became rapidly 
established. The mechanism of action of both is complex and not completely 
understood (Kieseier, 2011; Lalive et al., 2011). INFβ increases the effects of anti-
inflammatory agents while reducing the expression of proinflammatory cytokines 
and diminishing the crossing of BBB by activated leukocytes (Kieseier, 2011). GA 
modulates the actions of antigen-presenting cells (APC) and antibody secretion of 
plasma cells, but enhancement of regulatory B-cell features may exist as well (Lalive 
et al., 2011).  

For more aggressive forms of RRMS, help was presented in the mid-2000s when 
natalizumab (NA) was brought onto the market. NA is a humanized monoclonal 
antibody, which prevents the migration of lymphocytes into the CNS by inhibiting 
an adhesion molecule (α4β1 integrin) expressed in lymphocytes. NA is highly 
effective. Long-term exposure to NA includes a risk of progressive multifocal 
leukoencephalopathy (PML) in persons with JC-virus positivity, which is why careful 
follow-ups are needed (Pucci et al., 2011). 

Acute relapses in RRMS are treated with glucocorticoids or plasmapheresis.  
 

 
Table 1.  Disease–modifying treatments (DMT) for MS in Finland in 2023.  

Active RRMS Highly active RRMS Active PPMS Active SPMS 

Interferon β (INFβ) Natalizumab (NA) Ocrelizumab Siponimod 

Glatirameracetate (GA) Fingolimod   
Dimethyl fumarate Cladribine   
Teriflunomide Ocrelizumab   
Ocrelizumab Alemtuzumab   
Ofatumumab Mitoxantron   
Diroximel fumarate Ponesimod   

DMTs for MS in 2023. Until 2012 in Finland, medications were approved only to treat RRMS and only INFβ, GA 
and NA were in the market. Definitions for active and highly active RRMS, and for active PPMS and SPMS, are 
presented in the national Current Care Guideline of MS. (Current Care Guidelines. Working group set up by the 
Finnish Medical Society Duodecim and the Finnish Society of Neurology, 2020) 
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2.2 Etiology  

2.2.1 Familial risk and genetics 

Low familial risks of MS have been known for a long time. In Scandinavia, the 
highest lifetime risk of developing MS was found among siblings, 2.3–3.4% (Nielsen 
et al., 2005; Westerlind, Ramanujam, et al., 2014), especially among monozygotic 
twins, with a risk of 15.4% (Westerlind, Ramanujam, et al., 2014). The risk for a child 
of an MS patient was 1.2%, the risk of a sister was 3.1%, and a brother was 1.6% 
(Westerlind, Ramanujam, et al., 2014). A recent study found even greater differences: 
an age-adjusted risk for a sister of an MS patient was 5.4% and for a brother 0.5% 
(Sadovnick et al., 2021). A meta-analysis of 18 studies reported higher risks, but none 
of the included studies had a control population (O’Gorman et al., 2013).  

Several genetic factors, which promote dysregulation of immune responses and 
are triggered by environmental factors, are suggested to affect the susceptibility of 
MS. More than 200 risk alleles have been reported to relate to MS susceptibility 
(International Multiple Sclerosis Genetics Consortium, 2019). The most remarkable 
locus is the human leukocyte antigen (HLA) class II haplotype DRB1*15:01, which 
is carried by 28–33% of the Northern Caucasian MS population (Gourraud et al., 
2012; Hollenbach & Oksenberg, 2015)Of healthy controls, 9–15% carry the gene. This 
haplotype has also been linked to younger age at disease onset and more aggressive 
progression of the disease (Gourraud et al., 2012). Other significant risk alleles from 
the same area are DRB1*04, *03:01 and *13:01, DQA1*01:02, and DQB1*06:02 
plus 26 others (International Multiple Sclerosis Genetics Consortium, 2019). The HLA 
locus relates to risks for other autoimmune diseases as well, such as type I diabetes 
and rheumatoid arthritis (Gourraud et al., 2012). Several single nucleotide 
polymorphisms (SNP) also in non-HLA loci have been found, most in non-coding 
segments of the genomes (Canto & Oksenberg, 2018). Different genes, haplotypes, 
and combinations lead to different outcomes, and protective haplotypes have been 
identified as well (International Multiple Sclerosis Genetics Consortium, 2019). Besides 
known genetic risk loci, epigenetics has been found to have an important role as 
well, and MS-specific alterations have been recognized (van den Elsen et al., 2014).  
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2.2.2 Environmental risk factors  

Besides genetic predisposition, several environmental events are most likely required 
to trigger the cascade that leads to the outburst of MS. It is suggested that the very 
first event precipitating MS might happen even during the intrauterine or post-natal 
period, such as maternal smoking or vitamin D deficiency (Goodin, 2009). Migration 
studies show that if a person moves from a high-risk area to a low-risk area before 
puberty, the risk of developing MS later in life adjusts to the level of the area they 
moved to. If moving happens later in life, the risk remains the same as what it was 
in the area they moved from (Munk Nielsen et al., 2019). This suggests that some 
major event takes place during the teenage years. Similarly, first-generation 
immigrants show prevalence that corresponds to the country they left from, whereas 
second-degree immigrants’ risk gets closer to the level of the country they were born 
in (Munk Nielsen et al., 2019; Wändell et al., 2020).   

The effect of certain events and their combinations is most likely individual and 
depends on genetic profile (Goodin, 2009). There is strong evidence that some 
environmental factors have a more notable significance than others, such as 
infectious mononucleosis, caused by Epstein-Barr virus (EBV), vitamin D3, obesity, 
and cigarette smoke (Correale & Gaitan, 2015).  

EBV  

It has been estimated that EBV infects 90% of people around the world by the age 
of 30 (Dunmire et al., 2015). On average, the primary infection is asymptomatic in 
early childhood. When contagion happens in adolescence or adulthood, the virus 
may cause infectious mononucleosis (IM). Especially in developed countries and 
among Caucasians, the disease is reported to occur more often in the teenage years, 
whereas in developing countries and among populations other than Caucasian, the 
virus is met much younger (Dunmire et al., 2018). The occurrence of IM is decreasing. 
One suggested explanation is changes in immune responses, not a decrease in viral 
contagions themselve (E. Visser et al., 2014). The virus persists in memory B-cells, 
creating a latent asymptomatic infection (Bar-Or et al., 2020). Besides MS, EBV has 
been connected to hematological and epithelial malignancies, such as gastric 
carcinoma and nasopharyngeal malignancies (Dunmire et al., 2018). 

The connection between EBV and MS has been presented for a while, and the 
latest large seroepidemiological study confirmed earlier suggestions (Aloisi et al., 
2023; Bjornevik et al., 2022). The interaction of genes and environment is thought 
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to explain why only a few of those with EBV infection eventually develop MS (Aloisi 
et al., 2023; Rubicz et al., 2013). History of infectious mononucleosis raises MS risk 
into two- to threefold higher than average (Ascherio & Munger, 2010; Xu et al., 2021). 
EBV seems to be a quite remarkable risk factor for MS, but only one in 500 infected 
with EBV will ever get MS (Ascherio & Munger, 2010). 

It is suggested that in otherwise susceptible individuals, the virus induces 
abnormal regulation of the immune responses, which contributes to the 
pathogenesis of MS (Bar-Or et al., 2020; Correale & Gaitan, 2015). The effects are 
thought to mediate through cellular immunity, as CD8+ and CD4+ T-cell and B-
cell responses are altered. Also, CD8+ EBV memory T -cells have been identified in 
MS plaques (Serafini et al., 2019). The surveillance of EBV is thought to be diminished 
in MS patients, which is why EBV gets to CNS (Veroni & Aloisi, 2021). It has been 
proposed that the entry of B -cells activated by EBV into CNS is causing infectious 
events in MS (Aloisi et al., 2023). Another hypothesis is that in susceptible 
individuals, the immune cells cross-react with myelin antigen after being activated by 
EBV. Molecular mimicry between the surface protein of EBV and myelin might exist 
(Wucherpfennig & Strominger, 1995), which is a base for the hypothesis(Aloisi et al., 
2023). 

Vitamin D  

Like many other autoimmune diseases, the risk of MS has been connected to low 
serum levels of 25(OH)D (vitamin D), which has many immunoregulatory functions 
(Correale & Gaitan, 2015). Vitamin D inhibits CD4+ T-cell proliferation, promotes 
the secretion of anti-inflammatory cytokines and inhibits the secretion of 
proinflammatory cytokines, and induces regulatory T -cells. Higher vitamin D levels 
promote dendritic cell induction to a more stabilizing direction (Correale & Gaitan, 
2015; Ostkamp et al., 2021). Vitamin D also induces the expression of the HLA-
DRB*1501 gene (Ramagopalan et al., 2010), and it has been suggested to suppress 
antibody production by B -cells (Lucas et al., 2015). These immunomodulatory 
effects seem to be greater in women than in men (Orton et al., 2011). 

High levels of vitamin D in serum relate to a lower risk of RRMS, especially 
before the age of 20 years (K. Munger et al., 2004). Low serum vitamin D levels during 
pregnancy affect the offspring’s risk of developing MS later in life (Mirzaei et al., 
2011; K. L. Munger et al., 2016). In active RRMS, higher serum levels correlate to 
fewer relapses and MRI lesions, whereas lower levels have been connected to more 
severe disease course (Ascherio, 2013). The severity and worsening of MS through 
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vitamin D serum levels have been found to correlate with higher latitude and lower 
ultraviolet (UV) radiation, with few exceptions such as Sardinia, where genetics is 
thought to explain the high occurrence (Ostkamp et al., 2021). The same is true in 
Finland, where the east-west gradient is suggested to relate to genetical differences 
(Pirttisalo et al., 2020). 

Serum levels of vitamin D are lower in patients with RRMS compared to overall 
population levels. A cutoff value of <50 nmol/ml for high risk related to low vitamin 
D levels has been suggested (Ascherio, 2013). To accomplish the best 
immunomodulatory properties, a level of ≥100 nmol/ml is proposed (Fitzgerald et 
al., 2015). In general, supplemental vitamin D is needed to achieve these levels. 
Interestingly, in PPMS, it seems that these vitamin levels are similar to those in 
healthy controls (Correale & Gaitan, 2015).  

Populational levels of vitamin D are lower than recommended. In Scandinavia, 
recommended vitamin D levels (serum level above 50 nmol/l) were found in 16–
22% of children and 25–33% of adults (Holten-Andersen et al., 2020; Nälsén et al., 
2020; Raulio et al., 2021); the lowest levels concern adolescents (Itkonen et al., 2020). 
In Finland, vitamin D levels were found to be insufficient in the 1990s (Lehtonen-
Veromaa et al., 1999), and since then, slow actions have been made to correct the 
situation (Mäkitie, 2011). Low vitamin D levels have been reported from countries 
closer to the equator as well, where the amount of yearly UV radiation is higher than 
in northern latitudes (Karampoor et al., 2016). There, cultural dressing codes may 
affect the amount of UV radiation reaching the skin, thus diminishing the level of 
vitamin D generation. 

Obesity 

High BMI in childhood and adolescence has been shown to be a risk factor for MS 
(K. L. Munger et al., 2013). The prevalence of obesity and overweight among children 
and adolescents has increased significantly since the 1970s in Finland and globally 
(Di Cesare et al., 2019; Vuorela et al., 2011). Obesity (body mass index, BMI ≥30 
kg/m2) raises the risk of MS by 41% compared to overweight (BMI ≥25 kg/m2). 
In a Mendelian randomization study, a 5 kg/m2 increment in BMI increased the risk 
of MS development by 30% (Vandebergh & Goris, 2020). Vitamin D, a fat-soluble 
molecule, has been proposed as one factor. In addition, obesity was found to be 
proinflammatory, altering T -cell responses and hormonal functions (Guerrero-
García et al., 2016; Mokry et al., 2016). Higher BMI has been associated with worse 
outcome and disability in MS (Guerrero-García et al., 2016).  
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Smoking 

Smoking habits have changed in the latter half of the 20th -century (Dai et al., 2022), 
concurrently with rising MS incidence and prevalence. In observational studies, the 
connection of MS to smoking has been established quite clearly (Rosso & Chitnis, 
2020). MS risk for someone who has ever smoked is 50% higher than someone who 
has never smoked (Palacios et al., 2011), and smoking has also been correlated to 
worse disability and higher relapse rate (Arneth, 2020; Rosso & Chitnis, 2020). The 
exact mechanisms are not understood, as tobacco smoke contains a plethora of 
possible chemical compounds to study, some of which are known to be neurotoxic 
(Rosso & Chitnis, 2020). Inflammatory and immunomodulatory responses, such as 
proinflammatory cascade induced by epithelial irritation, have been suggested 
(Arneth, 2020). 

In Finland, the occurrence of smoking has mainly declined in recent decades. In 
1996, 23% of women and 28% of men aged 20–64 years smoked daily. By 2020, the 
figures were reduced to 12% and 14%. In 2020, 18% of current smokers were 
women and 20% were men (Official Statistics Finland, 2023). A questionnaire 
conducted in 2012–2013 among 20–34-year-old adults revealed that 19% of men 
and 15% of women smoked daily. Smoking was more prevalent in Northern and 
Eastern Finland. There were no major differences between genders in these two 
regions, whereas in the rest of country, smoking was more prevalent among men 
(Shemeikka et al., 2014). Despite these favorable changes in smoking habits, 
occurrence of MS in Finland has been rising and is, in fact, smallest in areas where 
smoking is most prevalent. This is probably partly due to a small effect size, which 
won’t be reflected in MS incidence trends.  

2.2.3 Gender-related factors 

The overall risk of autoimmune diseases in women is higher than in men (Whitacre 
et al., 1999): in MS, rising incidence especially among women and with RRMS has 
been reported (Study I; Sumelahti et al., 2014). One possible factor presented to 
explain these trends are lifestyle changes of women through the latter half of the 20th 

-century: obesity has increased, the number of pregnancies has decreased, and 
smoking increased until the 1990s. Risks of obesity and especially cigarette smoke 
appear more relevant among women (Airas, 2015; Angeloni et al., 2021), as the 
proinflammatory effects of both are enhanced by estrogen-related circumstances. 
Fewer pregnancies and child births at older ages have been connected to increased 
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risk of MS (Airas, 2015; Magyari et al., 2013; Ponsonby et al., 2012). Another possible 
explanation is the development of MS diagnostics. It may be that a few decades ago, 
women with mild symptoms never saw a doctor and thus missed diagnosis.  

In RRMS, onset in women tends to be a few years earlier, with a more frequent 
relapse rate (Airas, 2015; Confavreux & Vukusic, 2006; Kalincik et al., 2013). Men have 
a higher risk for worse long-term disability, faster progression, more severe 
phenotype, and more gray matter atrophy (Voskuhl et al., 2020). Conversion to SPMS 
may happen at a younger age in men (Voskuhl et al., 2020).  

With late-onset MS, usually primarily progressive, these differences do not exist, 
suggesting that gender hormones play an essential role in regulating immune 
responses (Airas, 2015). Among women, the first time point is puberty: earlier 
menarche has been connected to an increased risk of MS (Nielsen et al., 2017). In 
men, puberty has not been seen to have a significant effect (Ysrraelit & Correale, 
2019). During pregnancy, changes in hormone levels yield changes in immune 
responses, both cellular and humoral, to favor the survival of the fetus (Abu-Raya et 
al., 2020; Airas, 2015). As a result, the relapse rate diminishes up to 70% (Ysrraelit & 
Correale, 2019). After childbirth, the hormone levels drop markedly, and immune 
responses return to pre-pregnancy levels, leading to an increased risk of relapse 
(Ysrraelit & Correale, 2019). After menopause, it appears that disability worsens. The 
effect of aging per se, and what relates to hormonal changes, is unclear.  

Sex chromosomes may also influence MS risk. The X chromosome contains 
many genes related to proinflammatory responses in the immune system, whereas 
genes located on the Y chromosome have more modulatory properties. On the other 
hand, the genes in the Y chromosome seem to cause more neuropathology and a 
worse clinical course (Voskuhl, 2020). 

Immune cells also express sex hormone receptors, which is why it is thought that 
these hormones can affect the immune system (Ysrraelit & Correale, 2019). Estradiol 
for example, mainly promotes expression of anti-inflammatory agents, except for 
low concentrations, when it turns into favoring proinflammatory agents (Ysrraelit & 
Correale, 2019), and promotes the production of immunoglobulin G (Paavonen et 
al., 1981). Progesterone promotes anti-inflammatory responses in the immune 
system, and androgens are thought to have similar effects. Both hormones have 
neuroprotective effects, as well as prolactin, which also regulates immune responses 
(Ysrraelit & Correale, 2019). 
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2.2.4 Pathogenesis 

Growing knowledge of MS pathogenesis has yielded a view of two types of 
inflammation that both initiate at the beginning of the disease. The first one 
dominates the acute and relapsing MS and is characterized by leakage of the blood-
brain barrier (BBB) during relapses and an influx of immune cells to the CNS, leading 
to the formation of demyelinated plaques. The other is a slow gathering of the same 
immune cells to the connective tissue of CNS without BBB leakage, leading to the 
formation of aggregates. This type of slow inflammation may already exist at the 
beginning of MS and may gradually increase with the progression of the disease 
(Lassmann, 2019). The term “smoldering MS” has been adapted to describe this 
phenomenon. As part of this process, pre-existing plaques expand gradually and 
slowly. Outside plaques, a diffuse process of the normal-appearing white matter 
(NAWM) occurs, where abnormal activation of microglia and tissue resident 
lymphocytes occurs, leading to smoldering inflammation of the parenchyma. 
Destruction progresses steadily (Kamm et al., 2014; Lassmann, 2014), and is visible in 
MRI images as volume loss. In early RRMS, the aetiology of atrophy is inflammatory, 
whereas in the progressive phase, the atrophy becomes more neurodegenerative (De 
Stefano et al., 2010; Lublin et al., 2014). Cortical demyelination occurs especially in 
progressive forms of the disease, although it is present already in the early stages of 
RRMS as well, eventually leading to accelerating brain atrophy (Lassmann et al., 2007; 
Lucchinetti et al., 2011). 

At the initiation of MS disease, autoreactive CD4+ T-lymphocytes, T-helper cells 
Th1 and Th17, and B -cells are activated in the peripheral lymphoid tissue and then 
cross the BBB (Balasa et al., 2020; Korn, 2008). The exact factor that activates these 
cells in the first place is not known. In the CNS, these cells are reactivated by local 
antigen-presenting cells (APC) with myelin antigen. Production of proinflammatory 
cytokines and chemokines begins, which stimulates the microglia and astrocytes, 
recruits other leukocytes, and induces structural changes in the BBB, allowing an 
influx of immune cells into the CNS and plasma cells to produce antibodies (Houen 
et al., 2020; Lassmann et al., 2007; Ortiz et al., 2014). CD8+ cytotoxic T -cells, 
granulocytes, and macrophages enter the parenchyma, targeting the myelin sheath. 
The result of this cascade is an inflammatory lesion in white matter, where 
demyelination and eventually axonal injury takes place (Kamm et al., 2014). BBB 
disruption is transient, and it is restored after an acute phase (Balasa et al., 2021). 
Likewise, remyelination repairs damaged tissue to some extent, but replacement by 
gliosis occurs as well (Lassmann, 2014). 
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The importance of B -cells in both relapses and disease progression has become 
clearer in recent years. Besides antibody production, B -cells are included in 
regulating T cell production and APC functions; produce proinflammatory 
cytokines, chemokines, and soluble toxic factors; form lymphoid aggregates in the 
meninges; and function as a reservoir for EBV (Kumar & Axtell, 2023). In MS, the 
regulatory properties of B cells are thought to deteriorate, leading to a disturbed 
balance between different lymphocyte populations. B cells also induce 
neurodegeneration and demyelination (Arneth, 2020).  

In MS -lesions, microglia, macrophages, and oligodendrocytes contribute to the 
demyelinating process. In the acute phase of MS, the microglia secrete 
proinflammatory cytokines, and their homeostatic phenotypes are lost. Afterward, 
their activation changes into a more anti-inflammatory state, enabling remyelination. 
During the progressive phase, the microglia are acting again in a proinflammatory 
manner (Guerrero & Sicotte, 2020). In NAWM, the amount of activated microglia 
correlates to disease duration (Zrzavy et al., 2017). 

Diagnostic biomarkers 

MRI has been an important part of the diagnostic criteria of MS for more than 20 
years (McDonald et al., 2001; Polman et al., 2011; Thompson, Banwell, et al., 2018). 
Besides diagnosis, MRI is used nowadays to assess treatment efficacy and safety 
(mainly due to the risk of PML, progressive multifocal leukoencephalopathy). 
Traditional parameters important in MS diagnosis are the number and distribution 
of T2 lesions and contrast-enhancing T1 lesions. The correlation of these with 
clinical outcomes is limited (Wattjes et al., 2015). Hypointense T1 lesions (black holes) 
have a better correlation with disability and reflect persisting damage. Brain atrophy 
is also measured through MRI, and its acceleration is related to disease progression 
(De Stefano et al., 2014). A clinical and radiological aim for treatment can be termed 
NEDA; no evidence of disease activity. The occurrence of new lesions during the 
first year of treatment correlates with the progression of disability (Río et al., 2009; 
Sormani & Bruzzi, 2013). 

Several biomarkers indicating pathogenic processes of MS in cerebrospinal fluid 
(CSF) have been detected and included in the diagnostic criteria for nearly four 
decades (Poser et al., 1983). Detection of intrathecal immunoglobulins in the form 
of oligoclonal bands (OCB) from CSF with immunoelectrophoresis is one of the key 
procedures in assessing the possibility of MS diagnosis. OCB are present in 95% of 
MS patients. OCB indicate chronic production of immunoglobulins in the CNS, 
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meaning they can be present in other inflammatory situations as well (Deisenhammer 
et al., 2019; Freedman et al., 2005). Another marker for the same phenomenon is the 
IgG index, a quantitative measurement of intrathecally produced immunoglobulins. 
It is less sensitive for MS than OCB, as 60% of patients have elevated results of the 
index. Other cytokines related to inflammation can be detected from the CSF of MS 
patients as well, such as CXCL13 and certain interleukins, but they are not in clinical 
use currently. Other nonspecific changes that can be seen in the CSF of MS patients 
are slightly elevated leukocyte counts (where lymphocytes dominate) and protein 
concentrations (Deisenhammer et al., 2019). 

The latest finding in the field of biomarkers is neurofilament light chain (NfL), 
which can be detected from CSF and serum. NfL is a protein expressed in neurons, 
and they are released in any kind of injury (Varhaug et al., 2019). This means that as 
a biomarker, it is not sensitive to MS. Higher levels of NfL both in serum and CSF 
correlate to the number of active T2 lesions and gadolinium enhancement in MRI, 
relapses, atrophy, and worsened disability, suggesting that they could also be used as 
a biomarker of overall disease activity (Kuhle et al., 2019; Novakova et al., 2017). NfL 
levels are individual and vary due to many reasons, for example due to obesity 
(Benkert et al., 2022). Unambiguous reference values are therefore difficult to 
determine. Consequently, NfL is currently utilized mainly in research. One target in 
clinical practice in the future might be determining, whether a patient has an ongoing 
active worsening phase, if the NfL baseline of the patient is known. 

2.3 Epidemiological features  

2.3.1 Incidence  

Incidence is the proportion of certain events in a specific population in a certain 
period. In the context of this thesis, the event is fulfilling the diagnostic criteria of 
MS. In the literature of MS epidemiology, the incidence is typically reported per 
100 000 (105) people and calculated with the following formula (Centers for Disease 
Control and Prevention, accessed 14.3.2023):  
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Incidence = 
number of new cases during a certain period of time 

 x 100 000 
number of population at the same period of time 

 

Incidence is suggested to be a suitable tool in assessing MS risk, as it does not depend 
on survival time, and possible ascertainment problems before the period in question 
will not affect it (Koch-Henriksen & Sørensen, 2010).  

The MS International Federation estimated, that in 2020, a new MS diagnosis was 
made every 5 minutes, corresponding to a global incidence of 2.1/105 (Walton et al., 
2020). Globally, rising incidence especially among women and RRMS has been 
reported (Hawkes et al., 2020; Koch-Henriksen & Sørensen, 2010), with a stabilizing 
trend during recent decades in some studies (Flemmen et al., 2020). Table 2 
summarizes recent incidences and temporal trends from countries with traditionally 
high MS risk (Canada, UK, Scandinavia) and from those with lower risks (Iran and 
Kuwait). In all these studies, the incidence of MS in women was greater than in men.   

 
 

Table 2.  MS incidence/105 in medium- and high-risk areas reported from 1996–2008 to 2013–
2018. 

Citation   Country Time 
Incidence 
/105 Trend 

Kingwell et al., 2015  British Columbia, Canada 1996–2008 7.8* Stable 

Ribbons et al., 2016  Newcastle, Australia 2001–2011 6.7 Increasing 

Kearns et al., 2019  Scotland, UK 2010–2017 8.6* Not reported 

Hosseinzadeh et al., 2021  Iran, nationwide 2006 2.2 Increasing 
 2016 6.7 

Alroughani et al., 2019  Kuwait, nationwide 2013–2018 5.4 Stable 

      
Koch-Henriksen et al., 2018  Denmark, nationwide 2000–2009 9.4* Increasing 

Ahlgren et al., 2014  Sweden, nationwide 2001–2008 10.2 Stable 

Flemmen et al., 2020  Telemark, Norway 2013–2018 14.4* Increasing 

Elíasdóttir et al., 2011  Iceland, nationwide 2002–2007 7.6 Not reported 
Figures with * are standardized, the rest of the figures are crude.  
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There are several suggested reasons attributed to the rising incidence. Established 
diagnostics via magnetic resonance imaging (MRI), enhanced diagnostic criteria, and 
an increased number of neurologists are evident. However, the increasing trend 
started before the generalizing of MRI and the era of new diagnostic criteria, which 
is why changes in environmental factors such as smoking and later and fewer 
pregnancies have been suggested to impact changing epidemiology (Koch-Henriksen 
et al., 2018). It has also been presented that changes in the social status of women in 
the 20th -century have had an impact on female incidence (Koch-Henriksen & 
Magyari, 2021). 

Incidence studies in Finland  

Several incidence studies have been conducted in Uusimaa and Western Finland. 
The very first study is from 1964 to 1978, where the incidence/105 was 3.3 in 
Western Finland and 2.2 in the south (Kinnunen, 1984). Since then, a rising trend 
has been shown in subsequent studies, up to the high incidence/105 of 14.7 in 
Seinäjoki and 11.7 in Vaasa in 2000–2010. Temporal changes of regional MS 
incidence/105 in Finland from studies between 1980–2016 are shown in Figure 2. 
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Figure 2.  Temporal changes of regional crude MS incidence/105 in Finnish studies from 1980 to 2016. 
Region’s largest city in brackets (Holmberg et al., 2013; Krökki et al., 2011; Metsäniitty & 
Remes, 2016; Pirttisalo et al., 2019; Sarasoja et al., 2004; Sumelahti et al., 2003).  

 

During the first survey from 1964 to 1978, the incidence of MS in women had 
already started to rise compared to men (Kinnunen, 1984). In the survey from 1979 
to 1993, the main denominator for the increasing trend was the incidence in women 
(Sumelahti et al., 2000). The same phenomenon was seen in Central Finland in 1979–
1993 and persisted in 1981–2010 in Seinäjoki, Vaasa, and Pirkanmaa, while male 
incidence decreased in Vaasa and Seinäjoki. Significantly higher female incidence was 
also reported in Southwest Finland, whereas in the intermediate-risk area of North 
Karelia, there was no significant difference between genders (Pirttisalo et al., 2019).  
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Age-specific incidence 

The peak age groups in different incidence cohorts vary. In Finnish surveys from 
1979–1993 (Sumelahti et al., 2000) and 1981–2010 (study I) in Vaasa, Uusimaa, and 
Central Finland (Sarasoja et al., 2004) (intermediate risk areas), the peak was found 
in ages 30–39 years. In the high-risk area of Seinäjoki, the incidence peak took place 
in the age group of 40–49 years. Female incidence showed a clear peak in this age 
group, whereas male incidence showed a more stable, plateau-like curve (Sumelahti 
et al., 2000). Similar findings among females and males were reported in a national 
study from the UK during 1991–2000, where female peak incidence was at 40–44 
years (Alonso et al., 2007). In 2001–2008 in Sweden, female incidence peaked at 30–
35 years (Ahlgren et al., 2014). Such a clear peak was not visible for men.  

2.3.2 Prevalence 

Prevalence is the proportion of certain cases among a certain population. In the 
epidemiological literature on MS, prevalence is most often reported as the number 
of cases per 100 000 (105) people at a certain time point (point prevalence) and 
calculated with the following formula (NIMH Information Resource Center, 
accessed 14.3.2023) :  

 

Prevalence = 
number of cases at a certain time point 

 x 100 000 
number of population at the same time point 

   

The estimated global MS prevalence was 35.9/105 in 2020, meaning that 2.8 million 
people worldwide were estimated to be affected by MS (MS International Federation, 
2021). In Europe, the estimated prevalence was 133/105 in 2020 (Collaborators, 2019; 
Walton et al., 2020). The global distribution of the prevalence of MS is uneven. 
Prevalence higher than 100/105 has been reported in several European countries, 
North America, and Australia, nations with Caucasian ancestry. Scandinavia has 
represented an area of high prevalence since the early epidemiological studies of MS. 
In 2020, in addition to Finland, countries with a high prevalence of more than 
200/105, were Sweden, Denmark, Iceland, Germany, Italy, the USA, and Canada 
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(Walton et al., 2020). Data from Norway were missing from this survey, but a high 
prevalence up to 203/105 has been reported in Norwegian studies (Flemmen et al., 
2020; Grytten et al., 2015). Data from Africa and other low-income countries were 
also scarce in the Atlas report.  

Rising prevalence has been reported globally. From 2013 to 2020, the absolute 
increase has ranged from 32% in Europe to 87% in North America, with an annual 
increase of 4.7–6.3% (Kingwell et al., 2015; Wallin et al., 2019). A Norwegian review 
from 1961 to 2014 included 29 studies and found that prevalence/105 increased from 
20 to 203 (Grytten et al., 2015). Increasing prevalence has also been reported from 
several countries previously considered to have low risk of MS, such as Saudi Arabia 
and Argentina. A meta-analysis of data from countries around the Persian Gulf 
yielded an overall prevalence of 39.3/105 (Etemadifar et al., 2020), although the 
pooled results were from quite a large timespan. MS prevalences from medium- and 
high-risk areas are listed in Table 3. Significantly smaller prevalence has been 
reported for native people in New Zealand, the USA, and Canada (Marrie et al., 2018; 
Taylor et al., 2010), pointing to genetic susceptibility in persons with Caucasian 
ancestry.  
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Table 3.  MS prevalence/105 in medium- and high-risk areas reported from 2005 to 2019.  

Citation Location Year Prevalence /105 Trend 

Kingwell et al., 2015 British Columbia, Canada 2008 195 Increasing 

Rotstein et al., 2018 Ontario, Canada 2013 265* Increasing 

Wallin et al., 2019 USA, nationwide 2010 265 Increasing 

Bezzini et al., 2020 Tuscany, Italy 2017 209 Increasing 

Visser et al., 2012 Scotland, UK 2009 238 Increasing 

Campbell et al., 2019 Australia, nationwide 2017 104 Increasing 

     
Luetic & Menichini, 2020 Santa Fe Province, Argentina 2019 30 Not reported 

Almasi-Hashiani et al., 2020 Tehran, Iran 2018 151 Increasing 

Alroughani et al., 2019 Kuwait, nationwide 2018 105 Increasing 

     
Flemmen et al., 2020 Telemark, Norway 2019 260 Increasing 

Ahlgren et al., 2011 Sweden, nationwide 2008 189 Not reported 

Svenningsson et al., 2015 Västerbotten, Sweden 2010 215 Increasing 

Bentzen et al., 2010 Denmark, nationwide 2005 173 Increasing 

Elíasdóttir et al., 2018 Iceland, nationwide 2007 167 Not reported 

Crude prevalences, except for Rotstein et al., marked with *, which is standardized. 

Prevalence studies in Finland 

The prevalence of MS has been studied in Finland since the 1960s. The first reported 
crude prevalence/105 in Finland was 20 in 1964 by Rinne et. al. In the Uusimaa 
region, the prevalence was 18, in Vaasa 30, and Seinäjoki 39 (Rinne et al., 1968). 
Regional differences were already seen at that time. The writers estimated that the 
true rates were higher due to case ascertainment and lack of proper diagnostic 
criteria. In the following studies, still increasing trends and persisting regional 
differences were reported, with an area of high risk in Seinäjoki (Wikström & Palo, 
1975). Through the decades, the highest prevalences have been in Seinäjoki and 
Southwest Finland; the lowest have been in eastern parts of the country. Figure 3 
illustrates the temporal changes of MS prevalence in Finland. In 2020, it was 
estimated that 12 080 Finnish people were living with MS, corresponding to a 
national prevalence of 218/105 (MS International Federation, 2021). 



 

44 

 

 
Figure 3.  Temporal changes of regional crude MS prevalence/105 in Finnish studies from 1960 to 

2020. Region’s largest city in brackets. * In 1972 and 1978, the Vaasa region included the 
neighboring areas of Kokkola and Seinäjoki. Figures from Seinäjoki, Vaasa, and 
Pirkanmaa in 2000 and 2010 and from Southwest Finland and North Karelia in 2016 are 
ESP-standardized, other figures are crude. (Åivo et al., 2017; Kinnunen et al., 1983; Krökki 
et al., 2011; Pirttisalo et al., 2019; Rinne et al., 1968; Sarasoja et al., 2004; Sumelahti et 
al., 2001; Wikström & Palo, 1975)  

Age-specific prevalence   

Differences in the peak age groups have been reported globally. Concurrently with 
rising prevalence, a shift of peak prevalence age range has been seen in Canada from 
45–49 to 55–59 years, and the same was reported in the USA (Kingwell et al., 2015; 
Wallin et al., 2019). In the latest Finnish study, the peak age group was 40–49 years 
(Pirttisalo et al., 2019). Interestingly, the peak age in developing countries seems 
younger than in countries already known for high risk (AlJumah et al., 2020; Almasi-
Hashiani et al., 2020; Alroughani et al., 2019; Etemadifar et al., 2020). 
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2.3.3 Latitudinal gradient and high-risk areas 

A division into three risk zones by prevalence was presented by John F. Kurtzke 
in the 1970s: high ≥30/105, medium 5–30/105, and low ≤5/105 (J. F. Kurtzke, 1975). 
Traditional areas of high risk are Scandinavia, Western Europe, and North America. 
(Collaborators, 2019) It has traditionally been suggested that the global MS risk 
increases by latitude, getting higher as the distance from the equator increases. 
However, these suggestions were based on studies from Western countries and have 
exceptions, like Sardinia. Meta-analyses utilizing standardized figures have shown 
that the suggested latitudinal component has nearly vanished in the northern 
hemisphere, especially in Europe, but remains in the southern hemisphere (Koch-
Henriksen & Sørensen, 2010). Especially, the incidence gradient seemed nonexistent, 
whereas the gradient of prevalence was mild (Koch-Henriksen & Sorensen, 2011). On 
the other hand, another meta-analysis found a latitudinal effect in incidence, 
although after the 1980s the effect attenuated (Alonso & Hernán, 2008). A more 
recent meta-analysis showed a global latitudinal gradient of prevalence, with the 
exceptions of Scandinavia and Italy, where the gradient was inverse (Simpson et al., 
2019). 

Whether there has ever been a true latitudinal gradient in the northern 
hemisphere has also been questioned. If this were the case, the gradient seen in 
prevalence would then reflect immigration, survival differences, and incomplete case 
ascertainment in older cohorts (Koch-Henriksen & Sørensen, 2010; Koch-Henriksen 
& Sørensen, 2011). 

2.3.4 Regional differences 

Besides suggested latitudinal differences, national regional differences exist in many 
countries, such as Sardinia (Urru et al., 2019) and Scotland (Kearns et al., 2019), 
where temporally persistent high prevalence has been reported. In both regions, 
genetic causes are suggested to explain high susceptibility for MS (Rosati, 2001). 
Regional differences have been reported in Norway as well, with higher incidence in 
inland areas and lower in southern rural parts of the country (Grytten et al., 2015). 
Studies from Sweden have also demonstrated counties with higher risk than others, 
with an increasing gradient from south to north (Ahlgren et al., 2011). 

Finland shows a marked east-west gradient, as Western Finland represents an area 
of high risk and Eastern Finland intermediate risk (Pirttisalo et al., 2020). The 
difference is not unique for MS, as there are many other features sharing the same 
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differences. The genetic differences between eastern and western inhabitants of 
Finland is exceptional and can be dated even back to the Iron Age (Salmela, 2023). 
Differences in the colonization of these areas exist as well, as it is estimated that 
population growth in Eastern Finland began 400 years later, with different origins 
than in Western Finland  (Salmela, 2012). Diseases other than MS share the same 
division, although the risk of cardiovascular diseases is significantly higher in Eastern 
Finland (Vartiainen, 2018). The overall burden of illness is highest in Eastern and 
Northern Finland (Finnish Institute for Health and Welfare, 2023). Lifestyle habits, 
such as food consumption, are also quite different. Smoking was more generally in 
Eastern Finland especially among men, declining from 70% in the 1960’s to 15% in 
2016 (Vartiainen, 2018). 

2.3.5 Female predominance 

MS affects women twice as often as men. The global estimate in 2020 of a female-
to-male ratio (F/M) was 2.2 (Walton et al., 2020). The ratio has been reported to 
increase over time and to correlate with birth year (Koch-Henriksen et al., 2018; 
Walton et al., 2020). In the earliest birth cohorts of the 1930s, the ratio ranged 
between 1.33–2.35 and increased markedly, peaking in the latest birth year cohorts 
of the 1970s and 1980s, where the range was 2.73–4.55 (Alonso & Hernán, 2008; 
Kampman et al., 2013; Koch-Henriksen et al., 2018; Orton et al., 2006; Rojas et al., 2017; 
Westerlind, Boström, et al., 2014). The increasing trend mainly concerned RRMS 
(Kampman et al., 2013; Trojano et al., 2012). 

An international study covering a 60-year follow-up revealed the most remarkable 
increase in the northern hemisphere, from 1.93 to 4.55, being emphasized in the 
northern parts, while a stable trend was seen in the southern hemisphere (Trojano et 
al., 2012). More recently, F/M ratios ranging from 1.9 to 3.5 were reported, with the 
highest ratios from areas of higher occurrence (Bergamaschi et al., 2020; Bezzini et al., 
2020; Campbell et al., 2019; Kingwell et al., 2013; Koch-Henriksen et al., 2018; 
Svenningsson et al., 2015; Wallin et al., 2019). An interesting decreasing trend was 
observed in a new area of rising risk in Iran, from 3.7 in 2010 to 2.14 in 2018 (Almasi-
Hashiani et al., 2020). 

A similar increasing trend has been seen in Finland as well, from 1.3 in 1972 
(Wikström & Palo, 1975) to 2.2 in Central Finland (1979–1998) (Sarasoja et al., 2004) 
and 2.2 later in Western Finland (1981–2010) in study I, and up to 2.6 in Southwest 
Finland in 2016, while the ratio was 1.0 in Eastern Finland (Pirttisalo et al., 2019). In 
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2020 the Atlas of MS estimated that the general F/M ratio was 2.4 in Finland (MS 
International Federation, 2021). 

2.3.6 Comorbidity 

General aspects 

Comorbidity is a condition, that appears in a patient with a certain disease and is not 
a complication of the disease. (Feinstein, 1970) MS patients have a higher risk for 
developing multiple comorbidities than the general population (Chou et al., 2020). 
Risk is especially elevated for cerebro- and cardiovascular diseases; other 
autoimmune diseases such as type I diabetes, thyroid disease, inflammatory bowel 
diseases; psychiatric disorders such as depression and anxiety; and migraine (Magyari 
& Sorensen, 2020; Marrie et al., 2023). Major differences between RRMS and PPMS 
have not been reported in the literature.  

Comorbidities may affect the clinical picture of MS, starting and choosing a 
treatment and adherence to it (T. Zhang et al., 2016), disability progression, and 
prognosis (Kowalec et al., 2017; Marrie et al., 2023; McKay et al., 2018). Diabetes, 
ischemic heart disease, and psychiatric disorders increase the hazard of death in MS 
cohorts (Chou et al., 2020; Marrie, Cohen, et al., 2015). Also, comorbidities may affect 
working ability, amount of healthcare utilization, and quality of life (Thormann, 
Sørensen, Koch-Henriksen, Thygesen, et al., 2017). If present at the onset of MS, 
comorbid disorders may hamper diagnostics and increase the diagnostic delay 
(Thormann, Sørensen, Koch-Henriksen, Laursen, et al., 2017). Comorbidities overall 
are shown to associate with increased mortality (Thormann, Sørensen, Koch-
Henriksen, Laursen, et al., 2017). 

The most prevalent comorbidities among MS patients are depression in 20–24% 
of MS patients, anxiety in 11–22%, hypertension in 15–19%, hypercholesterolemia 
in 7–11%, chronic lung disease in 10–12%, ischemic heart disease in 7%, and 
diabetes in 6% (Marrie, Cohen, et al., 2015; Marrie, Patten, et al., 2016; Marrie, 
Reingold, et al., 2015). However, it must be noted, that besides being a possible 
comorbidity, depression and anxiety may relate to MS itself (Brasanac et al., 2022).  

Autoimmune diseases, especially type I diabetes mellitus, have been found to 
have high co-occurrence with MS in Denmark, Sardinia, and Finland (Study III; 
Marrosu et al., 2004; Nielsen et al., 2006), and suggestions of common genetic 
pathogenic factors in non-HLA regions have been made (Booth et al., 2009; Pitzalis 
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et al., 2008; Tettey et al., 2015). Thyroid disorders have also been reported, but it has 
to be noted, that thyroid dysfunction may be an adverse effect of DMT. The risk of 
inflammatory bowel disease is increased by 50% in MS patients compared to the 
general population and vice versa; patients with inflammatory bowel disease have a 
higher risk of MS (Kosmidou et al., 2017). 

The risks for cancer and asthma in the MS population is under debate, as results 
of higher and normal risks have been published (Magyari & Sorensen, 2020). The 
overall risk of cancer appears, however, to be lower than in the general population 
(Marrie et al., 2014), but differences between cancer types exist. The incidence of 
bladder cancer is increased among the MS population, whereas that of breast and 
colorectal cancers is not (Marrie, Maxwell, Mahar, Ekuma, McClintock, Seitz, 
Webber, et al., 2021). However, women with MS and breast cancer have lower all-
cause survival than women without MS (Marrie, Maxwell, Mahar, Ekuma, McClintock, 
Seitz, & Groome, 2021). 

Vascular comorbidity 

Vascular comorbidity increases the risk of disability progression (Marrie et al., 2010) 
and as a sole risk factor increases mortality in MS (Palladino et al., 2020). Higher 
occurrence of hypertension, hyperlipidemia, and cerebro- and cardiovascular 
diseases in the MS population has been found in several studies and reviews from 
Denmark, Canada, and England (Magyari & Sorensen, 2020; Marrie, Reider, et al., 
2015; Palladino et al., 2020; Thormann et al., 2016; Wens et al., 2013). The risk is 
reported to be higher among women (Christiansen et al., 2010; Jadidi et al., 2013; 
Palladino et al., 2020). Lipid-lowering medication significantly reduced the risk, 
although it was still higher compared to the control population (Palladino et al., 2020). 
Increased risk of deep vein thrombosis (DVT) has also been reported, being 
threefold higher in the PPMS group and twofold higher in RRMS and SPMS 
(Roshanisefat et al., 2014). Besides the risk of DVT, reported differences between 
RRMS and PPMS regarding comorbidity risks are scarce. A meta-analysis found a 
higher risk of any type of vascular brain attack (ischemic or hemorrhagic stroke and 
transient ischemic attack, TIA) among MS patients. Especially among patients 
younger than 40 years of age, the risk of ischemic stroke was high (Hong et al., 2019). 
Higher risk of comorbidities existed already at the time of diagnosis (Chou et al., 
2020). 
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 In Finland neurological comorbidities have been previously estimated in one study, 
where stroke was associated with decreased survival in MS. However, due to the small 
sample size no statistical significance was seen (Krökki et al., 2014). 

Cardiovascular risk factors were shown to be more common among MS patients 
than healthy controls in the US. These patients also showed increased lesion burden 
and more advanced brain atrophy (Kappus et al., 2016). In addition, smoking is more 
common among the MS population, which increases CVD risk (Polick et al., 2023). 
However, elevated cardiovascular risks may not be explained purely by traditional 
vascular risk factors (Marrie et al., 2019). Accumulation of immobility as MS 
progresses may also increase the risk. Another potential factor is possible adverse 
effects of DMTs; for example, teriflunomide may elevate blood pressure. Other 
autoimmune diseases have also been connected to an increased risk of cardiovascular 
diseases (Roifman et al., 2011); in fact, autoimmunity seems to have an essential role 
in atherogenesis (Matsuura et al., 2014). Inflammatory disease activity might induce 
endothelial dysfunction leading to an increased risk of vascular problems 
(D’haeseleer et al., 2011). 

However, the data considering single CVD risk factors, like obesity, hypertension, 
type II diabetes, and hyperlipidemia, have been inconsistent (Marrie, Reider, et al., 
2015; Wens et al., 2013), and suffering from methodological problems (Marrie, Cohen, 
et al., 2015), making it difficult to make comparisons. 

2.3.7 Mortality, survival, and causes of death 

Mortality 

The mortality of MS patients is usually reported as a standardized mortality ratio, 
SMR, which is a relation of the observed number of deaths to the expected in a 
certain population (Nicholls, 2020). To determine the expected number, a control 
population matched by age and sex is usually used. In some reports, the excess death 
rate (EDR) is also given to describe the number of lost lives per 1000 person-years 
of observation (Koch-Henriksen et al., 2017). 

Mortality of MS is nearly threefold compared to the general population (SMR 
2.5–2.9) (Brønnum‐Hansen et al., 2004; Burkill et al., 2017; Hirst et al., 2008; Koch-
Henriksen et al., 2017; Lunde et al., 2017; Manouchehrinia et al., 2016; Smestad et 
al., 2009; Sumelahti et al., 2010). Excess mortality begins to appear in the second 
decade after diagnosis (Leray et al., 2015; Smestad et al., 2009; Sumelahti et al., 2010) 
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and is greater among women and those who were younger at disease onset (Hirst et 
al., 2008; Kingwell et al., 2012; Manouchehrinia et al., 2016; Sumelahti et al., 2010). 
Mortality related to PPMS, SMR 3.9 is higher than to RRMS, SMR 2.4 (Kingwell et 
al., 2012; Lunde et al., 2017). Reports of declining mortality have been published 
from Scandinavia (Brønnum‐Hansen et al., 2004; Burkill et al., 2017; Koch-Henriksen 
et al., 2017; Lunde et al., 2017), but contradicting results with temporally stable 
mortality have been reported as well (Kingwell et al., 2012; Manouchehrinia et al., 
2016).  

In the literature, several factors have been suggested to explain possibly declining 
mortality. Established diagnostics have had an important role, as more benign cases 
have been diagnosed when diagnostic criteria with MRI techniques have evolved. It 
has also been suggested that the progress of rehabilitation methods, as well as 
treatments for MS and comorbid diseases, may have had an impact on mortality too.  

Survival 

In the study field of MS epidemiology, survival describes the time to death from 
different time points, usually from birth or the diagnosis. The lifespan of MS patients 
has been considered shorter than the general populations. In reports from Denmark, 
Norway, UK, USA, and Canada, median survival times from birth were 6–12 years 
less than expected when compared to the matched population (Brønnum‐Hansen et 
al., 2004; Cutter et al., 2015; Hirst et al., 2008; Kingwell et al., 2012; Koch-Henriksen 
et al., 2017; Lunde et al., 2017). Patients with RRMS had a few years’ better overall 
survival than patients with PPMS in one dataset from Norway (Lunde et al., 2017), 
whereas in another Norwegian study, survival from MS diagnosis was better in 
RRMS, but no difference in age at death was seen (Smestad et al., 2009). Similar 
findings were reported in a Canadian study as well (Kingwell et al., 2012). 

A survival advantage has been linked to female gender (Kingwell et al., 2012; 
Lunde et al., 2017) when assessed from disease onset but was disadvantageous when 
assessed from birth; a median survival time was 11 years shorter than in the general 
population. For men, the same gap was 7 years (Koch-Henriksen et al., 2017; Smestad 
et al., 2009). Also, worse survival was reported among patients who were younger at 
onset, dying of MS-related causes (Hirst et al., 2008), and had increased disability 
(Cutter et al., 2015).  

Improvement of survival has been seen in longitudinal studies (Koch-Henriksen 
et al., 2017; Lunde et al., 2017), but opposing results have been reported as well 
(Kingwell et al., 2012; Manouchehrinia et al., 2016). While life expectancy has 
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increased in general, the survival of MS patients has been suggested to improve on 
its own as well (Burkill et al., 2017; Koch-Henriksen et al., 2017). Until now, modest 
but promising results about the effects of DMT on survival have been found 
(Kingwell et al., 2019). In the majority of studies cited here, the data included only a 
few patients who had been using DMT. Hence, at the moment, the effects of DMT 
use cannot be assessed reliably (Koch-Henriksen et al., 2017). 

Causes of death 

The data for studies of causes of death (COD) among MS patients are usually driven 
from death certificates. There is heterogeneity in the categorization and recording of 
CODs. The most commonly used are all causes, immediate cause of death (ICOD), 
underlying cause of death (UCOD), and any mention in the death certificate. 
Variation also occurs in how different diseases or disorders are categorized and 
reported as CODs. Cause-specific SMRs, odds ratios (OR), or hazard ratios (HR) 
are reported quite often, and sometimes the distribution of causes is given. 
Comparison between studies is also hampered by differences in case ascertainment, 
as there are no uniform practices among clinicians for recording CODs, even though 
recommendations have been made by the World Health Organization (WHO).  

The main causes of death and their risks are listed in Table 4. A leading cause of 
death among MS patients, besides MS itself, is infections. Cardiovascular causes 
seem more common among MS deaths compared to the general population, 
increasing in older age groups.(Harding et al., 2020; Kingwell et al., 2020; 
Lalmohamed et al., 2012; Lunde et al., 2017; Manouchehrinia et al., 2016). However, 
the results of similarity between MS and the general population have been reported 
as well (Hirst et al., 2008; Smestad et al., 2009). Both higher (Lalmohamed et al., 
2012; Lunde et al., 2017) and similar (Brønnum‐Hansen et al., 2004; Hirst et al., 2008; 
Kingwell et al., 2020; Manouchehrinia et al., 2016; Smestad et al., 2009) SMRs and 
risks concerning cancer as a COD have been reported. The reported risks of suicides 
also varied from elevated (Brønnum‐Hansen et al., 2004; Kingwell et al., 2020; Lunde 
et al., 2017; Manouchehrinia et al., 2016; Smestad et al., 2009; Sumelahti et al., 2010) 
to similar (Hirst et al., 2008; Lalmohamed et al., 2012) to the general population. 
Differences between RRMS and PPMS are scarcely reported. 
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Table 4.  Main causes of death in MS populations, grouped by used statistical measures HR, OR, and 
SMR.   

  Infections UTI Respiratory Cardiovascular Suicide Accidents PU 
HR Burkill et al., 2017 4.07  5.07 2.06 1.85 2.24  

 
Lalmohamed  
et al., 2012 7.69a  6.35 2.42  1.14  

         
OR Harding et al., 2020 1.34 10.2 3.03b    5.06 

         
SMR Hirst et al., 2008 29.6  11.7 1.06    
 Kingwell et al., 2020 1.83 2.71 2.69 1.57 2.40 2.71  

 
Manouchehrinia  
et al., 2016 2.91a   1.29 2.13   

 Lunde et al., 2017 4.5a   3.3c  9.6d  
UTI=urinary tract infections  
PU=pressure ulcers and other skin conditions  
a includes respiratory infections 
b OR for aspiration pneumonia 7.15 
c includes cerebrovascular causes 
d includes suicides 
 

MS was mentioned in 70–82% of death certificates (Brønnum‐Hansen et al., 2004; 
Cutter et al., 2015; Hirst et al., 2008; Kingwell et al., 2020; Smestad et al., 2009). As 
the immediate cause of death, MS was recorded in 50–56% of cases (Lunde et al., 
2017; Smestad et al., 2009), except for only 9% recorded in Wales (Hirst et al., 2008). 
Other immediate causes were cardio- and cerebrovascular diseases in 14–15%, 
cancer in 10–14.1%, respiratory and infectious diseases in 4–9%, and accidents and 
suicides in 4–5% of cases (Lunde et al., 2017; Smestad et al., 2009). 

Recording of MS as an UCOD varied from 41–64% (Brønnum‐Hansen et al., 
2004; Burkill et al., 2017; Cutter et al., 2015; Harding et al., 2020; Kingwell et al., 2020; 
Smestad et al., 2009), and it was more common in younger age groups (Cutter et al., 
2015; Harding et al., 2020; Smestad et al., 2009). Other UCODs after MS were 
cardiovascular disease in 15–17%, cancer in 10–11.4%, pneumonia in 4.2%, 
septicemia in 2.3%, and suicides and accidents in 1.6–4.5% (Brønnum‐Hansen et al., 
2004; Cutter et al., 2015). Cancer and cardiovascular causes became more frequent 
and suicides rarer with increasing age at death (Cutter et al., 2015). A different 
distribution of UCODs have been reported from Wales: respiratory disease, 
including infections 48%, cardiovascular disease 16%, other infections 9.5%, cancer 
9.5%, and no suicides (Hirst et al., 2008). 
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Studies in Finland 

Among Finnish patients diagnosed from 1964 to 1993, SMR for all causes of death 
was 2.8, 3.4 among women, and 2.2 among men (Sumelahti et al., 2010), similar to 
those in other contemporary studies (Brønnum‐Hansen et al., 2004; Burkill et al., 
2017; Hirst et al., 2008; Koch-Henriksen et al., 2017; Lunde et al., 2017; 
Manouchehrinia et al., 2016; Smestad et al., 2009). From 1964 to 1993 a 25-year 
survival from the clinical onset was 78% and a 40-year survival 53%, being higher 
than in the Danish cohort (Brønnum‐Hansen et al., 2004; Sumelahti et al., 2010). When 
assessed from the onset, the survival advantage was associated with RRMS, younger 
age at onset, and optic neuritis or sensory symptoms at disease onset (Sumelahti et 
al., 2002). On the other hand, MS diagnosis after the age of 35 was related to a better 
overall prognosis. 

In a cohort study from 1971 to 2006 (Sumelahti et al., 2010), SMR for respiratory 
diseases was 3.3, quite similar than reported from Canada (Kingwell et al., 2020), and 
1.7 for suicide, which was a bit less than in other studies (Kingwell et al., 2020; 
Manouchehrinia et al., 2016). In a cohort from 1964 to 1993, the proportion of 
cardiovascular causes of death was lower than expected (26%), and violent deaths 
(19%) and neoplasms (35%) were higher compared to the general population. The 
percentage of suicides was only slightly higher than in the population overall (5% 
and 3%). Among deaths, 70% of deaths were due to MS or MS related (Sumelahti et 
al., 2002). Compared to other studies assessing causes of death (Brønnum‐Hansen 
et al., 2004; Burkill et al., 2017; Cutter et al., 2015; Kingwell et al., 2020; Lunde et al., 
2017; Smestad et al., 2009), the proportion of cardiovascular causes, violent deaths 
and neoplasms were higher in this Finnish cohort.  
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3 AIMS OF THE STUDY  

In general, the main aim of this thesis was to describe the epidemiological 
characteristics of MS in Western Finland from 1981 to 2010.  

 

Detailed aims were as follows:  

1. Evaluate regional and gender-specific incidence trends.  

2. Study the prevalence and its changes by age, gender, disease course, 
and disability.  

3. Assess common comorbidities related to survival.  

4. Investigate factors related to the end of life, including disability, places, 
and causes of death.  
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4 MATERIALS AND METHODS 

4.1 Geography and population 

Finland lies in Scandinavia at 60°–70° latitude. A map of Finland (Figure 4) shows 
the locations of the study areas. In 2010, Finland’s population was 5 375 276: 485 
911 in Pirkanmaa, 198 469 in South Ostrobothnia, and 166 250 in Ostrobothnia. 
The biggest city in South Ostrobothnia is Seinäjoki, where the central hospital is also 
located; Vaasa is the biggest city in Ostrobothnia and Tampere in Pirkanmaa. From 
here on, following prior epidemiological MS publications from these areas, Seinäjoki 
refers to the whole of South Ostrobothnia and Vaasa to Ostrobothnia. In study III, 
the data were collected from Turku University Hospital in Southwest Finland, where 
the population in 2012 was 472 139. 

The median age in Finland was 37.5 years in 1990 and 41.4 years in 2010, with no 
major differences between the study areas. The population structure has gotten older 
for the past 20 years (Statistics Finland, 2023), and at the same time, urbanization 
has increased. Tampere and Turku are more urbanized, being bigger cities than 
Seinäjoki and Vaasa. In the Vaasa region, there are more Swedish-speaking 
inhabitants than in the other two counties. Genetically and socioeconomically, there 
are no major differences between these western areas. 
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Figure 4.  Map of Finland with the study areas illustrated. Data in studies I and II were derived from 
areas of Vaasa, Seinäjoki and Pirkanmaa, in study III from Turku, and in study IV from 
Pirkanmaa. Modified from the original publication, reproduced and modified under the 
terms of the Creative Commons Attribution 3.0 Unported License (Creative Commons, 
Holmberg et al., 2013). 

4.2 Ethics 

The Ethics Committee of the National Institute for Health and Welfare approved 
studies I, II, and IV, the regional Ethics Committee of Tampere University Hospital 
area studies I–IV and Turku Clinical Research Center study III. Guidelines for the 
Responsible Conduct of Research were followed. The personal data of patients were 
handled according to General Data Protection Regulation by the European Union. 
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4.3 Data collection 

For studies I, II, and IV, a retrospective search from hospital administrative registries 
were made for diagnoses of multiple sclerosis, morbus demyelinans, and optic- and 
retrobulbar neuritis from 1950 up to 31.12.2010. The classification by the WHO 
(World Health Organization), International Statistical Classification of Diseases and 
Related Health Problems, ICD, versions 8–10 were used within the study period. 
The catchment area covered three central hospital districts in Western Finland: 
Tampere in Pirkanmaa, Seinäjoki in South Ostrobothnia, and Vaasa in Ostrobothnia, 
all of which are part of the Tampere University Hospital district. Patient records 
revealed by the search were scrutinized, and information was obtained regarding the 
following: the time point of initial symptoms and diagnosis, initial symptoms, 
diagnostic procedures (e.g., CSF examination, MRI, evoked potentials) and their 
results, disability status and its progression, disease-modifying treatment usage, 
marital status, and number of children. From records of deceased patients in 
Pirkanmaa, information on the latest disability prior to the situation that led to death 
was also recorded. Cases were reassessed to fulfill the criteria of definite MS (clinical 
and laboratory-supported) by Poser (Poser et al., 1983). Similarly, reassessment was 
conducted for the disease course according to the criteria of Lublin and Reingold 
(Lublin et al., 1996). The category of RRMS by course at onset included cases that 
later progressed to SPMS.  

Cases diagnosed between January 1st, 1981, and December 31st, 2010, were 
included in study I. Inclusion criteria for study II were residency in the study area 
and a definite MS diagnosis per Poser criteria at prevalence dates 31.12.2000 and 
31.12.2010. In study III, resident and confirmed MS cases between January 1st, 2004 
and December 31st, 2012, were included. Study IV included incident cases fulfilling 
the diagnostic criteria for definite MS from January 1st, 1981, to December 31st, 
2010, with a death certificate at the hospital district of Pirkanmaa.  

In studies II and IV, disability assessment was based on descriptions in the patient 
records at yearly follow-up visits according to EDSS. In some cases, the EDSS value 
was already given in the patient records, and in others, the value was determined 
based on the description of symptoms and findings in the neurological examination. 
Values were categorized into three classes: The first included cases with mild 
disability, EDSS less than 3.0, in which case there was no mention of handicap or 
any symptom needing treatment or rehabilitation, or several symptoms and signs in 
clinical assessment. The second class of moderate disability, EDSS 3.0 to 5.5, 
included cases with reported handicaps in several functions of CNS. The third class, 
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EDSS 6.0 or more, was severe disability with a significant handicap, shortened 
walking distance, and regular use of a walking aid. 

The death certificates in study IV were obtained from the archives of Statistics 
Finland, which keeps records of causes of death. Personal identity code, which all 
residents of Finland have had since 1967, was used as a key to find out correct 
certificates. Certificates were scrutinized to collect detailed information concerning 
the death, care given prior to death, and possible DNR (do not resuscitate) 
statements. 

The data in study III were derived from the administrative Clinical Data 
Repository of the University Hospital of Turku, which contains electronic health 
records from the Hospital District of Southwest Finland. Resident cases with MS 
diagnosis from January 1st, 2004, to December 31st, 2012, were included. The ICD-
10 classification was used. Cases were scrutinized for definite MS base on McDonald 
criteria (McDonald et al., 2001). Patient records of confirmed cases of cardiac or 
cerebral infarction or other vascular diseases of the brain were further scrutinized. 
The ICD codes for causes of death were collected from records of patients who died 
during the study period. Comorbid diagnoses mentioned in the patient records 
before and after MS diagnosis were recorded. Information on CVDs, cardiac 
arrhythmias, cancers, infections, diabetes mellitus types I and II, hyperlipidemia, 
obesity, and migraine were gathered.  A randomly chosen tenfold gender- and age-
matched control population were drawn from the same population, as well as a 
similar tenfold control population that was used to verify the stability of the results.   
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4.4 Statistical analysis 

The statistical analysis in studies I, II, and IV were conducted with SPSS. Analyses 
in study III were made with R Statistics with standard packages. In all studies, P-
values less than 0.05 were considered statistically significant.  

In study I, incidence per 105 was calculated from January 1980 to December 2010 
in 10-year periods, based on age and gender with 95% confidence intervals (CI) by 
districts. To assess differences in regional risks, indirect standardization was used 
due to the small number of cases in age-specific data. Pirkanmaa was used as the 
standard population, the basis for which expected numbers of new cases per each 
10-year period were calculated for Seinäjoki and Vaasa. Expected numbers were then 
compared with observed numbers, resulting in a standardized incidence rate, SIR, a 
ratio of observed and expected cases. SIRs were calculated in a total and gender-
specific manner with 95% CIs. Distributions of age at onset and diagnosis, onset 
symptoms, diagnostic delay, and F/M ratio were observed in the whole study 
population and in three study districts. The significance of differences between 
districts was investigated with the Chi-square test. 

In study II, the prevalence was calculated using a direct standardization method 
with the European standard population in 2013 (ESP 2013) in age-standardized and 
sex-specific rates per 105 with 95% confidence intervals (CI). The ESP 2013 is based 
on the Eurostat report. To calculate the crude total and sex- and disease course-
specific prevalence, population statistics from Statistics Finland were used. Disability 
was assessed using the EDSS score. The significance of differences in EDSS 
distribution between disease courses and sexes was investigated with a Chi-square 
test. Mean ages, F/M ratios, disease durations, and diagnostic delays in prevalence 
years 2000 and 2010 were determined. To assess the significance of comparisons of 
variables with normal distribution such as age, independent samples T-tests were 
used. Distributions of disease durations and diagnostic delays were skewed, so in 
order to determine the significance of their differences between prevalence cohorts, 
one-way ANOVA was utilized. Differences between the two initial disease course 
groups were assessed as well, and significance was investigated with independent 
samples T-test or one-way ANOVA, depending on the distributions of variables. 

In study III, mean survival times were assessed with Kaplan-Meier (KM) analysis. 
To investigate the effect of cardio- and cerebrovascular comorbidity, a separate KM 
analysis was conducted. Log-rank test was used to assess the significance. Odds 
ratios (OR) for different comorbidities were calculated with 95% Cis, and 
significance was estimated with Pearson’s χ2 test. 
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In study IV, a retrospective observational study, causes of death were investigated 
in three age groups <50 years, 50–59 years, and 60 years and older, by following 
groups according to diagnosis: MS, infections, cardiovascular, cerebrovascular, 
pulmonary embolism, cancer, gastrointestinal, other neurological causes, suicides, 
and traumas. Infections were further investigated in groups of respiratory, 
gastrointestinal and urinary infections, sepsis, and infection of unknown focus. The 
significance of differences in diagnoses in age groups was investigated with the Chi-
square test.  

Disability before death was assessed in similar EDSS groups than in study II. The 
significance of differences in disability between age groups and initial disease course 
was investigated with the Chi-square test. Distributions with a mean age of death in 
total, sex-specific, and different disease courses were observed. The significance of 
differences was investigated with an independent samples T-test. 
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5 RESULTS 

5.1 Study I – Regional and gender-specific incidence trends in 
1981–2010 

From January 1981 to December 2010, a total of 1617 patients diagnosed with MS 
were identified in the catchment area. The median age at onset was 32 years and at 
diagnosis 37 years in the whole cohort. From 1981–1990 to 2000–2010, the median 
diagnostic delay decreased significantly from 4.0 years to 2.0 years.  

Within the study period, the age-adjusted incidence/105 was 6.7 (95% CI 6.2–7.2) 
in Pirkanmaa, 12.5 (95% CI 11.5–13.5) in Seinäjoki, and 8.3 (95% CI 7.4–9.2) in 
Vaasa. Standardized incidence ratios (SIR) are shown in Table 5.  

 

Table 5.  The standardized incidence ratios (SIR) of MS in Seinäjoki, Vaasa, and Pirkanmaa 
(comparator) in 2010. 

    All   Men   Women 

  SIR 95% CI  SIR 95% CI  SIR 95% CI 

Pirkanmaa  1.0   1.0   1.0  

Seinäjoki   1.9 1.7–2.1  2.0 1.7–2.3  1.8 1.7–2.0 

Vaasa   1.2 1.1–1.4   1.4 1.2–1.7   1.5 1.3–1.7 
The SIRs show that the risk of MS is nearly twofold in Seinäjoki compared to Pirkanmaa and significantly higher 
than in Vaasa as well. Previously unpublished table containing data from study I. 
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Incidence in 10-year periods in the study areas are illustrated in Figure 5. A slight but 
steady increase was seen in Pirkanmaa, and a twofold increase in Seinäjoki and Vaasa. 
Among women, the incidence was higher in all districts and age groups and had an 
increasing trend. F/M ratio increased in Seinäjoki and Vaasa, reflecting the increased 
incidence among women, but it decreased in Tampere. Regional F/M ratios in 10-
year periods are presented in Figure 6.  

 

 

 
Figure 5.  Temporal changes of regional incidence/105 in 10-year intervals from 1981 to 2010 in 

Pirkanmaa, Seinäjoki, and Vaasa. Previously unpublished figure containing data from 
study I. 
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Figure 6.  Temporal changes of regional F/M ratios in 10-year intervals from 1981 to 2010. 

Previously unpublished figure containing data from study I. 

 

The F/M ratio in the whole cohort was 2.2, with a slightly increasing trend from 2.1 
and 2.0 in the first two decades to 2.4 in the last decade. In 10–year age groups, the 
highest F/M ratios were found in 10–19-year-olds in Vaasa and Pirkanmaa (there 
were no men in this age group in Seinäjoki) and 30–49-year-olds in Seinäjoki. 

During 1981–2010 in Seinäjoki, the age-specific incidence peaked among 30–49-
year-olds and in Vaasa among 30–39-year-olds. The trend was seen in total and 
among women, whereas there was no such clear peak among men, with quite stable 
incidence between 20–59 years in both areas. In Pirkanmaa, there was no such clear 
peak age group as the highest incidences overall were in age groups 20–49 years.  

Differences between disease courses in Seinäjoki, Vaasa, and Pirkanmaa were 
assessed in another study conducted with the same data and by the same working 
group (Sumelahti et al., 2014). The rising overall MS incidence reflected the rising 
incidence/105 of RRMS, from 4.2 in 1982–1990 to 9.7 in 2000–2010, while the 
incidence of PPMS declined from 1.2 to 0.7. The same is reflected in differences in 
F/M ratios: in the RRMS group, the ratio increased from 1.9 to 2.3, whereas in 
PPMS, it decreased from 1.6 to 1.2. Mean age at diagnosis in RRMS was 36 years 
and in PPMS 45 years.  
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5.2 Study II – Prevalence and disability  

In December 2000, 1080 MS cases were living in the study area with an F/M ratio 
of 2.0. In 2010, the corresponding number was 1666 with an F/M ratio of 2.2. The 
mean age was 50 years in both time points. PPMS patients were significantly older 
than RRMS patients, and their mean age increased form 57 years in 2000 to 62 years 
in 2010, while the mean age of RRMS patients remained at 48 years.  

A significant increase in prevalence was seen especially among women and 
RRMS, while prevalence of PPMS decreased. Table 6. shows the ESP2013 
standardized and crude prevalences with CIs in 2000 and 2010.  

 

Table 6.  ESP-standardized and crude MS prevalences/105 and 95% confidence 
intervals (CI) in 2000 and 2010 in the study district in Western Finland. 

  2000  2010  
Change, %     Prevalence CI   Prevalence CI 

ESP2013 standardized  
     

 
 

Total   133 126.7–139.7  192 184.3–200.2  + 45 

Women  176 170.6–185.6  277 270.4–283.6  + 58 

Men  91 87.4–94.8  119 114.6–123.5  + 31 

  
     

 
 

RRMS  111 105.4–117.1  179 171.0–186.0  + 60 

PPMS  21 18.8–24.0  18.0 15.4–20.6  - 16 

  
     

 
 

Crude  
     

 
 

Total  129 121.4–136.8  195.5 186.5–202.05  + 51 

Women   156 131.5–180.7  260 244.6–274.6  + 66 

Men  79 61.0–97.4  119 108.9–129.5  + 51 

  
     

 
 

RRMS  107 99.7–113.7  170 161.5–178.8  + 59 

PPMS   21 17.7–23.9   20 17.1–23.1   - 3.4 

Previously unpublished table containing data from study II. 
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In 2010, the age-standardized (ESP2013) prevalence/105 was 149.3 (95% CI 120.9–
177.8) in Pirkanmaa, 275.6 (95% CI 267.6–283.5) in Seinäjoki, and 226.1 (95% CI 
202.1–250.2) in Vaasa. The regional crude prevalences by sex in both time points of 
the study are shown in Figure 7. 

 

 
Figure 7.  The trends of crude prevalence/105 by gender in 2000 and 2010 in Seinäjoki, Vaasa, and 

Pirkanmaa. Previously unpublished figure containing data from study II. 

 

Regional crude prevalences by municipalities in 2010 were calculated in Seinäjoki 
and Vaasa (South Ostrobothnia and Ostrobothnia), representing the historical high-
risk area of MS in Western Finland. Distribution of prevalence/105 in three groups 
(<200, 200–300, >300) are illustrated in a map (Figure 8). Areas with highest rates 
are located in Seinäjoki district (South Ostrobothnia).  
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Figure 8.  MS prevalence/105 by local municipalities in Vaasa (14) and Seinäjoki (20) in 2010. 
Previously unpublished figure containing data from study II. 

Total age-standardized prevalence in the 10-year age groups peaked at 50–59 years 
in 2000 and at 40–49 years ten years later. Among women, the peak was in the 40–
49 group at both time points. Among men, the peaks were at 50–59 years in 2000 
and 40–49 years in 2010.  

Mild disability, EDSS 0–2.5, was seen in 46% of cases in 2010. Moderate 
disability, EDSS 3.0–5.5, was reported in 16%; severe disability, EDSS 6.0 or more, 
occurred in 23% of cases. Mild disability was seen more in the RRMS group, where 
52% of cases were classified in the mild category. On the contrary, 44% of PPMS 
cases were categorized into the severe group. Figure 9 illustrates the distribution of 
disability in disease groups in 2010.  
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Figure 9.  MS disability status distribution and number of cases in RRMS (1490) and PPMS (176)                                                                                       

groups in 2010 in Western Finland prevalence cohort. Mild = EDSS 0–2.5, moderate = 
EDSS 3.0–5.5, severe = EDSS 6.0 or more. Previously unpublished figure containing data 
from study II. 

In 14% of cases, the disability information in hospital records was missing. These 
cases represented older age groups and longer disease duration. Mean age was 60.7 
years in the RRMS group and 66.6 years in the PPMS, and the mean disease duration 
was 20.7 years in the RRMS group and 21.8 in the PPMS.  

In 2010, 56% of RRMS patients (835/1490) were using DMT. Among these 
patients, disability was mild in 50%, and a majority of these were in the youngest age 
group, <31 years. EDSS value was given in patient records of 94.6% of cases.  

5.3 Study III – Comorbidities related to survival 

From 2004 to 2012, a total of 1074 MS cases were identified in the Hospital District 
of Southwest Finland, of whom 315 were men and 759 were women. During the 
study period, 70 (6%) died; the main cause of death was infections in 38 cases (54%). 
In one case, the cause of death was acute myocardial infarction, ischemic stroke in 
four cases, and subarachnoid hemorrhage in one. Other causes were respiratory 
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insufficiency (six cases), cancer (three cases), and intoxication (two cases). Other 
individual causes were recorded in 16 cases. The mean lifetime survival was 82.4 
years in MS, whereas it was 85.6 years in the control population. The difference was 
statistically significant. Cardiovascular diseases, CVD (ICD diagnoses I06-I71), 
significantly affected the survival of MS patients. The mean lifetime survival of these 
patients was 79.5 years, while the corresponding time of those MS patients without 
CVDs was 85.4 years. Figure 10 illustrates the survival of MS patients with and 
without CVD and controls.  

 

 
Figure 10.  Kaplan-Meier curve showing survival of MS patients in Southwest Finland without 

CVD, with CVD, and age- and gender-matched controls from birth to death or end of 
follow-up. From 2004 to 2012 in a cohort of 1074 patients, 70 deaths (6%) occurred.   
From the original publication, reprinted with permission from Elsevier. (Murtonen et al., 
2018) 
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MS patients had over 1.5-fold higher risk for cerebral infarct than the control 
population and over twofold risk for other vascular diseases of the brain, such as 
subarachnoid and cerebral haemorrhages. In 21 cases, ischemic stroke was a 
comorbid diagnosis, and in 4 cases an immediate cause of death. Ischemic strokes 
were more common among men. There were no significant differences between men 
and women in the mean age at cerebral infarct, which was 69.5 years. When common 
CVD risk factors such as hypertension, hyperlipidemia, obesity, and cardiac 
arrhythmia were investigated, nonsignificant risks were seen. Smoking was not 
included in this analysis. The risk for acute myocardial infarction did not show any 
statistically significant difference. Risk of diabetes mellitus type I was increased as 
well. ORs for CVD and their risk factors are shown in Table 7.  

 

Table 7.  Odds Ratios (OR) with 95% confidence intervals (CI) for CVD and their risk factors in 
the MS cohort from Southwest Finland in 2010. 

Disease   MS   Controls       

    N %  N %   OR 95% CI 

Acute myocardial infarct  18 1.68  121 1.13  1.49 0.91–2.43 

Cerebral infarct  25 2.33  161 1.5  1.55 1.03–2.35 
Other vascular disease of 
the brain* 

 9 0.84  36 0.34  2.5 1.24–5.06 

TIA  12 1.12  136 1.27  0.88 0.49–1.59 

Atrial fibrillation or flutter  18 1.68  350 3.26  0.51 0.33–0.81 

Other cardiac arrythmia  18 1.68  189 1.76  0.95 0.59–1.54 

Essential hypertension  93 8.66  1034 9.63  0.90 0.74–1.10 

Atherosclerosis  12 1.12  102 0.95  1.18 0.65–2.13 

Type I diabetes mellitus  20 1.86  95 0.89  2.11 1.32–3.36 

Type II diabetes mellitus  39 3.63  391 3.64  1.00 0.72–1.38 

Hyperlipidemia  17 1.16  336 3.13  0.51 0.32–0.81 

Obesity  21 1.96  328 3.05  0.64 0.42–0.99 
Number of cases, percentages, and odds ratios with confidence intervals for CVDs and their risk factors for MS 
cases compared to age- and gender- matched controls. 
* Other vascular disease of the brain includes subarachnoid and cerebral hemorrhages. 
From the original publication, reproduced and modified with permission from Elsevier. (Murtonen et al., 2018) 
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Risks for hospital-treated infections were high in MS patients, especially for urinary 
(acute pyelonephritis OR 7.59, 95% CI 6.01–9.57, and cystitis OR 6.98, 95% CI 
5.48–8.89), respiratory (unspecified acute lower respiratory infection, OR 7.0, 95% 
CI 3.06–16.03, chronic bronchitis OR 5.71, 95% CI 5.48–8.89, pneumonia OR 3.37, 
95% CI 2.73–4.15, acute bronchitis OR 2.45, 95% CI 1.61–3.73) and periodontal 
infections (dental caries OR 2.78, 95% CI 1.82–4.24, gingivitis and periodontal 
diseases OR 2.28, 95% CI 1.47–3.53, other disorders of teeth and supporting 
structures OR 2.09, 95% CI 1.28–3.43).  

5.4 Study IV – End of life 

From 1981 to 2010, 113 deaths occurred among 684 confirmed MS cases in 
Pirkanmaa. Among the deceased, the mean age at onset was 36.2 years, and the mean 
age at death was 57.4 years. There were no significant differences in the age of death 
between men and women. Of all cases, 80% were RRMS and 20% were PPMS. 
Characteristics of decedent MS patients are described in Table 8. Compared to the 
data from Turku, it appears that these patients perished significantly younger, which 
is probably due to the different study periods. In 1981–1990, the mean age at death 
was 46.8 years (N 10), 54.3 years (N 37) in 1991–2000, and 60.8 years (N 66) in 
2001–2010. 

MS was mentioned in 92% of death certificates and as an immediate cause of 
death (ICD) in 12% (N 13). Infections were the most common ICD in 51% (N 58) 
of deaths, including respiratory (46%), gastrointestinal, and urinary (1.8%) infections 
and sepsis with unknown focus (3.5%). Cardiovascular causes as ICD were mainly 
seen in the oldest age group, 60 years and older, whereas suicides were recorded in 
the youngest age group. Differences in ICD between the three age groups were 
statistically significant.  

MS was more common as an underlying cause of death (UCD), where it was 
mentioned in 58% of records (N 65). As UCD, infections (N 5), cancer (13), vascular 
causes (19), gastrointestinal causes, other neurological disorders, trauma, and suicide 
(altogether 14 cases) were mentioned. CODs among the three age groups are listed 
in Table 8. 

MS was not recorded in 9 (8%) certificates. Among these, the mean age at death 
was 47 years and causes of death were accident or suicide in three cases, acute 
myocardial infarction in three, pulmonary embolism in one, and cancer in one case.  
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Place of death was central or university or community hospital in most cases.  
Nursing home, home, and hospice care were in the minority. There were no 
significant differences between age groups in places of death. Distribution of places 
of death in the three age groups is described in Table 8.  

Do not resuscitate was stated in five certificates.  
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Table 8.  Characteristics of the deceased MS cases in Pirkanmaa from 1981 to 2010. 

  Age groups, n (%)    
  0–49 years 50–59 years 60 and over  Total % 

N (%) 34 (30.1) 33 (29.2) 46 (40.7)  113  
Mean age at death (SD) years 41.3 (6.1) 55.1 (2.3) 71.0 (7.6)  57.4  
Mean duration of MS (SD) years 10.9 (5.2) 15.7 (7.2) 21.1 (8.7)  16.5 (8.5)  
       
Disability (N, %)       
EDSS < 3.0 7 (28) 7 (28) 11 (44)  25 (100) 22.1% 
EDSS 3.0–5.5 8 (38.1) 5 (23.8) 8 (38.1)  21 (100) 18.6% 
EDSS 6.0 or greater 19 (31.1) 18 (29.5) 24 (39.3)  61 (100) 54.0% 

       
Immediate cause of death (N)       
Infection 16 22 20  58 51.3% 
MS 4 5 4  13 11.5% 
Cardiovascular 2 0 10  12 10.6% 
Cancer 3 2 5  10 8.8%  
Accident 3 0 2  5 4.4% 
Pulmonary embolism 3 2 0  5 4.4% 
Cerebrovascular 0 0 4  4 3.5% 
Gastrointestinal 0 3 0  3 2.7% 
Suicide 3 0 0  3 2.7%  

      

Place of death (N)       
Central or university hospital ward 17 15 16  48 42.5% 
Community hospital ward 6 14 12  32 28.3% 
Nursing home 1 0 14  15 13.3% 
Home 6 3 2  11 9.7% 
Hospice 2 1 1  4 3.5% 
Other 2 0 1  3 2.7% 
Characteristics of the deceased MS cases, disability distributions prior to death, immediate causes of death, and 
places of death in three age-groups. From the original publication, reprinted under the terms of the Creative 
Commons Attribution 4.0 International License. (Creative Commons, Murtonen et al., 2021) 
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Disability before death was severe (EDSS 6.0 or more) in most cases. In five cases, 
4.4% of the deceased, there was no adequate information on disability. No 
statistically significant differences existed between age groups, disease courses, or 
men and women. Distribution of disability before death by disease course groups is 
illustrated in Figure 10. 

 

 

 
Figure 11.  MS disability distribution (percentages within a group) by disease course before the period 

prior to death. The number of cases is given in each column. Mild = EDSS 0–2.5, 
Moderate = EDSS 3.0–5.5, Severe = EDSS 6.0 or more. Previously unpublished figure 
containing data from study IV. 
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6 DISCUSSION 

6.1 Interpretation of results 

6.1.1 Increasing prevalence and incidence 

MS prevalence data were obtained by a cross-sectional study in the years 2000 and 
2010. The estimation of incidence was based on follow-up of new cases in 1981–
1990, 1991–2000, and 2001–2010. Observations in this thesis show that the study 
locations belong to the globally high-risk areas of MS, and the results corroborate 
global and temporal trends in MS occurrence. The overall age-standardized (ESP 
2013) prevalence/105 of all three districts increased by 45%, being 192 in 2010, a 
high rate in Finland and globally. Crude prevalence/105 increased from 2000 to 2010 
by 49%, being 196 in 2010. Results share similarities with Scandinavian and other 
high-prevalence countries. The nationwide prevalence/105 in Sweden was 189 in 
2008 (Ahlgren et al., 2011), in Norway 208 in 2013 (Grytten et al., 2015), in Denmark 
155 in 2005 (Bentzen et al., 2010), and 167 in Iceland in 2007 (Elíasdóttir et al., 2018). 
In Ontario, Canada, a prevalence of 265 was reported in 2013 (Rotstein et al., 2018), 
202 in Scotland in 2009 (E. M. Visser et al., 2012), and 209 in Tuscany, Italy in 2019 
(Bezzini et al., 2020).  

The trends in global incidence have shown variation in studies over the past 30 
years. In this study, incidence/105 increased 1.6-fold in Pirkanmaa (up to 8.2 in 
2010), and twofold in Seinäjoki and Vaasa (up to 14.7 and 11.7 in 2010) over the 30-
year follow-up. A major increasing trend in incidence was seen especially between 
1981–1990 and 1991–2000. In 2001–2010, the trend remained high but stabilized. 
Similar rates and trends were reported in other high-risk areas. In 2019 in Norway, 
the incidence/105 was 14.4 (Flemmen et al., 2020), and in 2009, it was 12.3 among 
women in Denmark (Koch-Henriksen et al., 2018). A nationwide study from Sweden 
reported the incidence of 10.2 in 2001–2008 (Ahlgren et al., 2014). In Canada from 
1996 to 2008, the rate was 7.8 with a stable trend (Kingwell et al., 2015), 8.8 in 
Scotland between 2010–2017 (Kearns et al., 2019), and 6.7 in Newcastle, Australia, 
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from 2001 to 2011, with a linear increasing trend for 50 years  (Ribbons et al., 2016). 
The increasing trend stabilized in Denmark from 2000 to 2010 and in Sweden from 
2001 to 2008 (Ahlgren et al., 2014; Koch-Henriksen et al., 2018). In many studies, 
the trend has stabilized after 2000.  

We also observed stabilization, like in other contemporary studies. It could be 
speculated that the stabilization of diagnostic methodology is among the causes of 
our observation, in addition to improved awareness and better access to health care. 
It is also true that the newer McDonald diagnostic criteria enable the diagnosing of 
milder cases earlier than older criteria. However, this was not reflected in the 
shortening of diagnostic delay in our data (Sumelahti et al., 2014). 

Once diagnostic methods become established, it can be expected that temporal 
changes eventually reflect more actual changes in incidence. Perhaps even the last 
decade of this study period, 2001–2010, might be the first decade to reflect less on 
the impact of establishing diagnostics. Future studies will show if this is the case. 

In the literature the temporal increase of MS prevalence, and simultaneously 
observed increase of several autoimmune diseases, (Lerner et al., 2015) are suggested 
to point at factors affecting immunity. Several lifestyle changes may have taken place 
during the study period: smoking has diminished, vitamin D intake has increased, 
pregnancies have diminished, and obesity has increased. The general awareness of 
MS has increased, along with improved availability of MRI from the early 1990s and 
evolving diagnostic criteria, including increased use of paraclinical studies such as 
CSF examination have made differential diagnostics more accurate.  At the same 
time, the number of neurologists has increased. All these factors have impacted the 
number of new diagnoses and have decreased diagnostic delay.  

In our results, the increasing trends in both incidence and prevalence concerned 
mainly RRMS disease course, while the prevalence of PPMS decreased. One possible 
explanation is that due to enhanced and established diagnostics, it is probable that 
milder cases are being diagnosed. According to a recently presented view, the 
trajectory of MS should be seen more as a continuum from active relapsing form to 
the progressive, not dichotomized, like the traditional view has been (Kuhlmann et 
al., 2023). The view of two pathological processes occurring from the very beginning 
supports this suggestion. At the beginning of MS, the inflammatory process is more 
prominent, leading to the relapsing-remitting phenotype, and as the disease 
progresses, the role of degenerative process increases. Eventually, due to 
physiological changes in immunity, the inflammatory process extinguishes and the 
degenerative process continues, leading to progressive phenotype. If this were the 
case, then our results here could relate to the fact that MS is being diagnosed earlier, 
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with milder symptoms than before, and that some PPMS patients in our data 
represent SPMS course, according to the traditional categorization. The revised 
MacDonald criteria have increased the sensitivity of diagnostics and enabled setting 
the MS diagnosis earlier, which may reflect into these findings as well. It may also 
be, that some PPMS cases in our data have had a silent or very mild inflammatory 
phase before a more active degenerative phase due to individual variation. Emerging 
DMTs from the 1990s may have encouraged more precise diagnostics between 
RRMS and PPMS, as until 2018, DMTs were only reimbursed for the treatment of 
RRMS, which may also be one explaining factor for decreasing PPMS prevalence.  

Prevalence trends generally relate to changes in incidence and survival. Effects of 
rising incidence also show in age distribution and can be seen in a shift of prevalence 
peak age groups toward younger groups in our data. In some reports, increased 
survival has also been suggested to affect increased prevalence. However, at the 
moment, the relationship between incidence, prevalence, and survival is not 
straightforward based on observations in recent global studies showing conflicting 
results. A stable trend, a suggested true improvement of survival (Brønnum‐Hansen 
et al., 2004), and a trend purely reflecting the overall improved survival of the 
population and increased lifespan (Kingwell et al., 2012; Manouchehrinia et al., 2016) 
have all been reported. Overall, no strong conclusions can currently be drawn on the 
impact of survival in the increased prevalence.  

Uneven geographical distribution is also a traditional long-term observation in 
MS epidemiology in Finland. Similar findings have been reported in Italy (Sicily and 
Sardinia) (Puthenparampil et al., 2022), Norway (several counties)  (Grytten et al., 
2015), and Sweden (several counties around the two major lakes and two coastal 
regions) (Landtblom et al., 2005). Such a high prevalence cluster has been located in 
Western Finland, and prevalence in the districts in our study corroborates the 
findings in previous studies from the 1960s of the east-west MS gradient in Finland. 
The high-risk area in the country’s western region is higher compared to the eastern 
region, shown also by results in 2016 in the west, with a prevalence of 275/105, and 
in the east with a prevalence of 167/105 (Pirttisalo et al., 2019). One consequence of 
the findings of Finnish epidemiology studies is that the north-south gradient has not 
been found in Finland. 

The causes for such a gradient point to differences in MS risk factors. In Finland, 
genetic differences are evident as the genetic background of Finnish people is 
original and heterogeneous. Evidence of a strong genetic dividing line between 
Western and Eastern Finland can be dated back to the Iron Age, and since then, 
migration from central Europe and Scandinavia to Western Finland and from Russia 
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to Eastern Finland has even amplified these differences. Historical events may also 
have a role in amplification as well, as this genetic division follows a medieval border 
between Sweden and Russia. The small Finnish population and various bottlenecks 
have led to a genetic random distribution (Salmela, 2012). The cluster and large MS 
pedigrees in Seinäjoki and Vaasa may reflect genetic differences where the 
enrichment of several predisposing genes is highly possible. (Kuokkanen et al., 1997) 
Indeed, genetic studies from the MS population diagnosed in 1979–1993 in Seinäjoki 
point to a possible founder effect, being one possible contributor of the high MS 
risk in this area (Tienari et al., 2004). However, in 1993, the highest MS prevalences 
were found in southern parts of South Ostrobothnia (Sumelahti et al., 2001), whereas 
in 2010, the areas with highest prevalences were more dispersed and found also in 
northern parts of the county.  

Besides genetic differences, several other factors distinguish Western and Eastern 
Finland according to the same genetic division. Unemployment is more common in 
Eastern and Northern Finland, and the burden of overall illnesses is also higher in 
these areas. Especially cardio- and cerebrovascular diseases, problems related to 
alcohol, psychiatric disorders, and pulmonary diseases are more common in Eastern 
and Northern Finland (Finnish Institute for Health and Welfare, 2023). Health 
behaviors differ as well, as smoking and dietary habits predisposing to vascular 
problems are more common in these areas (Vartiainen, 2018). Since the gradient of 
MS risk is the opposite when compared to aforementioned factors, it is reasonable 
to suggest that genetic predisposition and certain immunological events are more 
important in the development of MS than dietary habits or smoking. 

Genetic changes in stable populations are slow, thus the differences in temporal 
changes are likely explained by environmental factors. However, environmental 
factors affect the risk of both genders, while the increasing trends have mainly been 
seen among women. Gender-specific changes behind the increasing risk from the 
1990s among women may relate to hormonally mediated factors. It may also be quite 
possible that the same environmental risk factors affect different genders in different 
ways, which is also suggested in recent modeling from Canadian data (Goodin et al., 
2023). However, the exact environmental risk factor that would act differently in 
men and women is unclear. These are among the large body of observations that 
needs further investigation. A recent interesting meta-analysis reported 
transcriptomic and functional genetic differences between women and men, which 
may relate to differences between genders in responses to environmental factors 
(Català-Senent et al., 2023). 
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The F/M ratio is a robust marker in MS epidemiology, which describes the 
relation of the number of females to males and reflects concurrent changes in 
incidence. This ratio is used to compare gender occurrences at different time points 
of the same population as well as to compare data in different studies. Increasing 
trends of F/M ratio have been reported globally, for example in Norway from 1.7 
to 2.6 between birth cohorts of 1930 and 1979 (Kampman et al., 2013) and in 
Denmark from 1.3 to 2.0 between 1950 and 2009 (Koch-Henriksen et al., 2018). 
Trends concerned mainly relapsing onset MS (Orton et al., 2006; Trojano et al., 
2012). In our incidence cohort, the F/M ratio increased from 2.1 in 1981–1990 to 
2.4 in 2001–2010 in Western Finland. In the prevalence cohort, F/M ratios were 2.0  
in 2000 and 2.2 in 2010. In the literature, several causes have been presented to 
explain the rising ratio. Lifestyle changes are one, and another is hormonal effects, 
like fewer number of pregnancies. It has also been suggested that part of the globally 
rising incidence especially among women relates to changes in women’s social 
position and access to health care in the 20th -century. One aspect is also that women 
seek health care services more often than men in many cultures. This may be 
reflected in the milder cases observed among women. On the other hand, since 
women tend to have milder courses of the disease they may have been more easily 
neglected before the era of McDonald’s diagnostic criteria.  

6.1.2 Disability in the MS population  

In a clinically heterogenous disease such as MS, individual needs for care and 
treatment vary and often increase over the disease trajectory. One aim of the study 
was to assess the severity of the disability, which can be useful in making plans for 
health care, rehabilitation, and other needs, such as assistance. Previous reports on 
disability distribution in the MS population in the literature are scarce. In New 
Zealand, the mean disability in a large cohort was 4.4, measured on the EDSS scale. 
Higher disability was related to older age, longer disease duration, and PPMS (Alla 
et al., 2016). In a Swedish study, the median EDSS score was 5.0 in 2009, in a small 
cohort with only 48% of RRMS cases (Chruzander et al., 2013). 

Disability here was assessed through the widely used EDSS scale. Although the 
scale is nonlinear in terms of the time spent at various ranges of the scale, it gives a 
rough estimate of the current burden of the disease. The scale is established as a 
marker for disability in MS. It has recently been suggested that when referring to 
increases in disability in patients with RRMS, the term “worsening” should be used 
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in place of “progression”, and “progression” should be reserved for patients in the 
progressive phase of MS (Kappos et al., 2017; Lorscheider et al., 2016; Lublin et al., 
2014). 

To reach a thorough description of disability, we studied the EDSS distribution 
in the RRMS, PPMS, and different age groups. In our study, EDSS represents the 
reached stable disability status, as it was assessed in routine clinical control visits. 
The risk of biased rating may be lower in higher disability states where assessment is 
heavily based on ambulatory status. Interrater bias is also possible in our data, 
meaning that EDSS is a measurement drawn by the clinician based on their 
neurological examination and interpretation, which creates a possible source of bias. 
Also, there are a few aspects of MS symptoms that the scale does not consider, such 
as factors affecting the quality of life for MS patients, like pain, which have no impact 
on the scale.  

The prognosis of MS is unpredictable and variable. In an international review, 
the median time of RRMS progression into SPMS was reported to be 20 years after 
disease onset, but the variation is broad (Cree et al., 2021). Accordingly, disability 
accumulates eventually, and the median time to reach EDSS 6 has been reported to 
be 15–20 years (Leray et al., 2010). In several studies, the PPMS cases reach EDSS 
6.0 faster than in RRMS. We have not studied the disability evolution here, but in 
our prevalence data in 2010, EDSS 6.0 or more was recorded in 20% of initial RRMS 
cases and 44% of PPMS. The mean age at diagnosis was 36 years and the disease 
duration 13 years in the RRMS group (including cases that later transitioned to 
secondary progression), and in PPMS, the mean age at diagnosis was 43 years and 
the disease duration 19 years. Mild disability (corresponding to EDSS 2.5 or less) 
was observed mostly in the youngest RRMS group. Our data represent a long follow-
up in this cohort and show the progressive nature of the disease based on increasing 
disability in older age groups.  

Today, there is scarce but increasing evidence of DMTs’ effect on disability 
accumulation (Cobo-Calvo et al., 2023; Tedeholm et al., 2012). In 2010, 56% 
(N=835) of RRMS cases in our data were using DMT, which is less than 79% in 
Switzerland in 2020 (Bossart et al., 2022), but quite the same as the US in 2018, at 
48–55% (variation due to different registries) (Y. Zhang et al., 2021). In our study, 
the disability was mild in this group. However, the disease trajectory is long, and it 
may be that 15 years is too short a period to assess DMT effects in the MS 
population. Also, it is notable that DMTs are commonly started in early phases of 
MS, and their effects are limited to the inflammatory phase. 
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6.1.3 Comorbidity related to survival 

Survival and comorbidities were assessed between 2004 and 2012 in Southwest 
Finland. Comorbid diseases shorten the lifespan overall and concern MS patients as 
well. Most remarkably, vascular comorbidity has been shown to significantly impact 
survival in MS. During the long trajectory of MS, several other comorbid diseases 
concern the MS population as well. Comorbidity with vascular diseases has been 
shown to cause survival disadvantage globally (Brønnum‐Hansen et al., 2004; 
Christiansen et al., 2010; Krökki et al., 2014; Marrie, Elliott, et al., 2015; Thormann 
et al., 2016); prolonged diagnostic delays, increased lesion burden in MRI, and 
advanced brain atrophy have also been related to CVD and their risk factors (Kappus 
et al., 2016; Thormann, Sørensen, Koch-Henriksen, Laursen, et al., 2017). In our 
data, the risks for ischemic stroke and intracranial hemorrhages were elevated. 
Similar findings have been reported from Denmark and Canada as well (Christiansen 
et al., 2010; Marrie, Fisk, et al., 2016).  

Despite the reduction of general mortality in coronary artery disease (Vartiainen, 
2018), our findings point to elevated risks of CVD among Finnish MS patients. The 
treatment of risk factors may be neglected, and prolonged diagnostic delays may exist 
in this patient population. However, based on hospital records in our data, there was 
no increased OR for risk factors of CVDs, such as hyperlipidemia, hypertension, or 
other cardiac disorders. These factors are not always listed in the diagnoses in 
hospital patient records, as they are mainly treated in primary health care and are 
probably underestimated in our data. The only factor with higher OR for such 
diseases was type I diabetes mellitus. Lifestyle factors are important, and efficient 
primary prevention of vascular risk factors should belong to the care of the MS 
population. 

The observation of elevated type 1 diabetes risk in our MS population is 
surprising and interesting. The incidence of type 1 diabetes in Finland is the highest 
in the world, peaking at 64.2/105 in 2005 and stabilizing after that (Harjutsalo et al., 
2013). Genetic predisposition is significant, and the strongest predisposing effects 
are related to haplotypes DR4-DQ8 and DR3-DQ2 with a synergistic manner, while 
DR15-DQ6 is reportedly protective against the disease (Taka et al., 2023). 
Environmental factors are suggested to play a role as well, one of which is vitamin 
D deficiency (Knip & Simell, 2012). The reason, which makes the observation of our 
study interesting, is that haplotype DR15-DQ6 has been shown to predispose for 
MS in the Finnish population (Laaksonen et al., 2002). In the future, this observation 
would be an interesting topic for further investigation.  
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6.1.4 End of life, causes, and places of death 

The mortality of MS patients is nearly three times higher than in controls (Brønnum‐
Hansen et al., 2004; Lunde et al., 2017; Manouchehrinia et al., 2016; Sumelahti et al., 
2010). The main causes of death are respiratory infections (Sumelahti et al., 2010). 
Aggravating disability causes immobility, which leads to an increased risk of 
infections. Both infections and disability set the demand to the place of care, and 
there is a risk for unplanned hospitalizations later in life. Although it is a known fact 
that MS is a progressive disease, advanced care planning for later stages has been 
scarce (Cottrell et al., 2020). Formerly, palliative care has mainly concerned cancer 
patients. Recent publications have pointed out that familiarizing both patients and 
caregivers with the concept of an advanced care plan (ACP) and palliative care (PC) 
in MS is beneficial (Strupp et al., 2016). 

Studies concerning the period before death in MS patients are scarce, while 
mortality and causes of death have been studied more often. Few surveys on 
palliative care and advanced care planning in the MS population have been published 
within the latest decade (Cottrell et al., 2020; Solari et al., 2018; Strupp et al., 2016). 
The European Academy of Neurology has recently published a guideline on the 
palliative care of people with severe MS (Solari et al., 2020). 

Our aim was to investigate factors related to the end of life among Finnish MS 
patients, including health care needs, disability, place, and causes of death.  Deaths 
in our data occurred between 1970 and 2010. The increased risk of infection-related 
hospitalization and high infection-related mortality was also true in our data and 
concerned both younger and older patients. Most deaths took place at hospitals, and 
many decedents had a severe disability, which raises doubts about unplanned 
hospitalization and lack of advanced care planning. Our results highlight the need to 
recognize the urgency for PC and, before that, conduct ACP in time, both of which 
have been shown to be beneficial in the MS population (Seeber et al., 2019; Veronese 
et al., 2017). 

The concept of ACP is not familiar to neurologists, nor to many general 
practitioners, which raises the need for both professionals and patients to become 
familiar. Another close topic is an early referral to palliative care, which has been 
shown to be beneficial in MS patients (Qureshi et al., 2019; Rosenwax et al., 2015; 
Spilsbury et al., 2017). From a general practitioner’s point of view, MS is quite rare 
and may feel challenging to treat. For someone who is not familiar with the disease 
and its prognosis, it may feel better to refer the patient to specialized care.  On the 
other hand, the core of palliative care remains the same, regardless of the disease 
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that led to it and is probably a more familiar concept overall in primary health care 
wards than in secondary or tertiary hospital wards.    

Prior studies have shown that the leading causes of death among MS patients are 
infections mainly of the respiratory and urinary tract. Reported risks for 
cardiovascular causes and cancers have varied. In our data, the main causes of death 
were respiratory infections, followed by MS and cardiovascular causes. The causes 
of death in both our studies is distributed similarly to previous reports. In younger 
decedents, MS was not among the causes of death, whereas cardiovascular causes 
were more pronounced in the older age group. The mean age at death in our study 
was 57 years, lower than the 74 years in Canada and 65 years in the UK (Harding et 
al., 2020; Hirst et al., 2008). Differences may partly be explained by careful case 
ascertainment and high inclusion in our study.  

Mortality is a complex outcome of many factors during the lifespan of a person. 
For example, as a socioeconomic factor, there is divorce: MS has been associated 
with a higher risk of divorce among men (Landfeldt et al., 2018; Pfleger et al., 2010), 
and divorce increases mortality, especially among men (Metsä-Simola & Martikainen, 
2013; Sbarra et al., 2011). It is impossible to find all the potential factors affecting 
mortality within the limits of an observative survey like ours. However, it is evident 
that the effect of known comorbid risk factors is reflected in the distribution of 
CODs, such as cardio- and cerebrovascular diseases, which have been shown to 
reduce survival among MS patients also. Likewise, the accumulation of disability at 
the late stages of MS is reflected in place of death, which was a hospital ward for 
most of the decedents in our data. Of course, this is not unique to MS; among 
diseases with long trajectories, the place of death is quite often a hospital ward.  

There are many differences in the aforementioned COD studies that hamper 
comparisons, such as different methods used, different case ascertainment, and 
manners of recording other diagnoses in patient records and death certificates. There 
are also differences between countries and even between physicians in determining 
causes of death. In our data, MS was recorded as ICOD in 11.5% of certificates, 
which is less than the previously reported 50–56% in other studies (Lunde et al., 2017; 
Smestad et al., 2009), except for 9% in Wales (Hirst et al., 2008). As an UCOD in our 
data, MS was recorded in 57.5% of certificates, which is slightly higher than in 
previous reports, where the occurrence has varied between 34–56% (Brønnum‐
Hansen et al., 2004; Cutter et al., 2015; Hirst et al., 2008; Smestad et al., 2009). 
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6.2 Strengths and limitations 
A strength of the data in our surveys is a confirmed MS diagnosis in study cohorts 

and long-term follow-up in neurology departments in Finland where diagnostic 
methods and criteria are used uniformly. Based on these factors, we believe we have 
reached almost all diagnosed MS cases in the area, and the results can be considered 
reliable. The investigations and diagnosis of MS are practically always made in a 
neurology unit of a central or university hospital, where treatment and regular follow-
up visits take place as well. Diagnoses are made with the guidance of national Current 
Care Guidelines, which are based on international recommendations. There have not 
been major changes in the populational level during the study period or in the 
development of major differences between the study areas. Proportions of DMT 
cases can be considered reliable, as medications are prescribed by neurologists, either 
paid for by hospitals or fully reimbursed by the Finnish Social Insurance Institution. 
Also, every case was scrutinized by hand to meet diagnostic criteria and to assess 
disease courses and disability. 

Linkage to mortality statistics in Statistics Finland is based on personal 
identification numbers, which every Finnish citizen has had since the 1960s (Digital 
and Population Data Services Agency, accessed 1.12.2023). When a Finnish person 
dies, the information is sent into the Population Data Services Agency, and a death 
record written by a physician is sent to Statistics Finland, where death records are 
archived. Statistics Finland also creates and updates mortality statistics. 

Some factors limit the reliability of temporal and regional comparisons of 
prevalence and incidence. The longest follow-ups in our study are up to 60 years, as 
the first diagnoses were made in the 1950s. Changing diagnostic criteria over decades 
is a potential source of bias in a study with long follow-ups, limiting comparability. 
We aimed to tackle this risk of bias retrospectively by making sure that all cases 
included fulfilled one criterion, the clinically or laboratory-supported definite MS by 
Poser. This led to the exclusion of a few of the oldest cases, which did not have 
adequate documented evidence for diagnosis. In another incidence study from this 
data, a comparison was made with McDonald criteria for the cohort of 2000 to 2010, 
and there were no major differences in the incidence results between the two 
diagnostic criteria. One regional factor hampering comparisons is that the 
population in Pirkanmaa is younger than in Seinäjoki and Vaasa. Also, the two latter 
areas are less urbanized than Pirkanmaa, which is also a region with a migration gain.  

One limitation is the assessment of disability. In the patient records, especially 
among the majority of those using DMT, EDSS was mentioned. However, in nearly 
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a quarter of patients, the EDSS value here was based on the description in the 
records. Both the information provided and the interpretation of the author may be 
susceptible to bias. To minimize the effect of such bias, and due to the relatively 
small number of cases in each step of the twenty-step scale, we categorized disability 
into three classes, in a similar manner that has been used previously (Solari et al., 
2020), which gives a good perception of the distribution of disability.  

As we utilized the patient records, we did not have potentially important 
information on patients’ lifestyles and socioeconomic factors. Living conditions, 
socioeconomic status and its changes, education, and need for help and support are 
scarcely mentioned in the patient records. Smoking habits, obesity, hypertension, 
lipid-lowering medications, use of vitamin D supplements, and other lifestyle factors 
were also reported randomly, so there are no possibilities to study their effects in 
terms of administrative data.  

6.3 Clinical implications and suggestions for future research 

Epidemiological studies provide background knowledge when assessments of future 
care needs are being conducted. MS is a life-long disease, the number of MS patients 
is increasing and many are living longer with their disease. Descriptions of disability 
give a perspective of their need for help. Based on our data, it seems that the number 
of PPMS cases with the most severe disability is decreasing. On the other hand, due 
to increased prevalence, we can expect that the number of RRMS cases with a 
disability is going to increase with time, as patients are aging. Hence, it can be 
assumed, that the need for rehabilitation and other forms of help and care is going 
to increase as well.  

Comorbid conditions impact the prognosis of MS patients, as our results also 
show. In the health care visits of MS patients, attention should be paid especially to 
screening through vascular risk factors and thorough primary prevention. Increasing 
disability increases the risk of immobility, which is a risk factor for CVD and 
infections. It is important to encourage MS patients to stay physically active, with 
the assistance of professionals, such as physical therapists, if necessary.  

Expectations for advantage in survival and performance are present in the era of 
DMTs. The proportion of patients with moderate to severe disability over the long 
disease trajectory is not expected to be abolished. Therefore, advanced care planning 
and palliative care should be part of the treatment plans of these patients. According 
to palliative care guidelines, the need for APC should be triggered when EDSS 6 is 
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reached to avoid unplanned hospitalizations and to discuss plans with patients and 
their close ones in advance. Palliative care has been shown to have several advantages 
in progressive neurological diseases as well, such as better pain management, quality 
of life, and less aggressive care in the days before death.  

In the future, temporal survival trends from our areas of high risk would provide 
important insights, as current international reports have been conflicting. Also, the 
effects of efficacious medications on survival, disability, and disease progression 
would be important topics of research in the future, as the results presented in this 
thesis describe the situation before wider use of high-efficacy treatments. The area 
of Western Finland is historically unique in the field of MS research, and of course, 
updating incidence and prevalence from this area is an important topic as well. In 
future epidemiological research, the new national Finnish MS database is a valuable 
source of data and offers new possibilities to determine epidemiological figures 
throughout the nation.  
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7 CONCLUSIONS 

The main aim of this thesis was to describe the epidemiological characteristics of MS 
in Western Finland. Incidence and prevalence trends were assessed, along with 
disability and comorbidities related to survival. End of life, places, and MS patients’ 
causes of death were described. Based on the results of this thesis, the following 
conclusions can be drawn.  

1. The overall incidence/105 in Seinäjoki in 1981–2010 was twofold compared 
to Pirkanmaa, 12.5 and 6.7, respectively, and higher than 8.3 in Vaasa. There 
was a more than twofold increase from 1981–1990 to 1991–2000 among 
women in Seinäjoki and Vaasa, and a stabilizing trend from 1991–2000 to 
2000–2010. Among men in these two counties, the incidence increased from 
1981–1990 to 1990–2000, after which it decreased. In Pirkanmaa, there was 
a smaller yet increasing trend through the whole study period in both genders.  

2. The ESP2013 standardized prevalence/105 increased by 45% from 133 in 
2000 to 192 in 2010 in the areas of Pirkanmaa, Seinäjoki, and Vaasa. The 
increase was most notable among women (58%) from 176 to 277. Among 
men, the increase went from 91 to 119 (31%). RRMS prevalence increased 
by 60% up to 179 while the prevalence of PPMS decreased by 16% to 18. 
Increasing prevalence was seen in all three districts, most notably in Seinäjoki 
and Vaasa. The highest prevalence in 2010 was 372 among women in 
Seinäjoki. In the majority of cases, disability was mild. Severe disability was 
seen more often in the PPMS group.  

3. CVDs significantly affected the survival of MS patients. The mean lifetime 
survival of MS patients in the whole cohort was 82.4 years, with CVD was 
79.5 years, and without CVD was 85.4 years. The mean lifetime survival of 
age- and gender-matched controls was 85.6 years. The risk of cerebral 
infarction was significantly increased among MS patients by 50%, and the risk 
of intracranial hemorrhages was over twofold. In this data, no significant 
differences in CVD risk factors were seen between the MS and control 
population, apart from diabetes mellitus type I, for which the risk was 
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increased in the MS population. The risk for hospital-treated infection was 
high in the MS population.  

4. The most common cause of death was infections; among them, respiratory 
ones were most frequent. Cardiovascular causes were mainly recorded in the 
age group 60 years and older and suicides in the age group less than 50 years. 
MS was most commonly mentioned as an underlying cause of death in 58% 
of cases. Most often MS patients perished in hospital wards. In most cases, 
disability was severe before death.   
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Background. MS incidence has increased among females, suggesting the presence of environmental effect. Object. Regional
differences and temporal changes in gender-specific MS incidence were studied in Finland. Methods. Cases from Jan 1, 1981 to
Dec 31, 2010 in Pirkanmaa, Seinäjoki and Vaasa districts were included. The standardized incidence rates (SIR), incidences per
105 person years with 95% confidence intervals (CI), and female-to-male ratios (F/M) were determined by district. Results. 1617
cases were included. Compared to Pirkanmaa, the MS risk was 1.9-fold (95% CI: 1.7–2.0) greater in Seinäjoki and 1.2-fold (95%
CI: 1.1–1.4) in Vaasa, and the risk was high for both genders. The incidence trend stabilized in Seinäjoki and Vaasa, accompanied
by an increase in the F/M ratio. A steady increase in Pirkanmaa was accompanied by a high F/M ratio. Conclusion. A high female
preponderance accompanied a general increase in incidence since the 1990s, suggesting the influence of environmental factors. In
high-risk districts, increased MS risk prevailed in both genders. High risk reflects both genetic and environmental effects. These
effects may be shared with autoimmune diseases such as type 1 diabetes mellitus; the incidence of which follows MS in Finland.
Population-based case-control studies are needed to identify these factor effects.

1. Introduction

MS incidence has increased, particularly among females [1–
4], indicating the influence of environmental factors. The
integration of magnetic resonance imaging (MRI) in diag-
nostic criteria since the 1990s and progress in immunomod-
ulatory drug treatments have contributed to these increasing
rates [5, 6].

Epidemiologically, MS is characterized by an uneven
geographical distribution [7]. Studies performed since 1964
confirm this observation in Finland [8–10], which is located
in Northern Europe between the latitudes 60 and 70∘N.
High-risk areas in the western districts, Seinäjoki and Vaasa,
are characterized by an irregular incidence pattern, and an
increased male risk was observed in Seinäjoki in 1979–1993
[10].

We aimed to analyze the gender-specific incidence in
high- andmedium-risk areas in 1981–2010 tomake inferences
on the etiological factors correlated with high-risk groups.

The incidence in the formermedium-risk area Pirkanmaa [8]
is studied for the first time. Incidence is regarded as the most
important indicator of disease frequency, and changes in
incidence reflect environmental factors in genetically stable
populations.

2. Materials and Methods

The districts examined in this study are shown in Figure 1.
The total population in 2010 was 850630 [11]. The Pirkanmaa
Central Hospital (population 485911) is one of five University
hospitals in Finland. The Seinäjoki and Vaasa Central Hos-
pitals serve populations of 198469 and 166250, respectively
[11]. Both Seinäjoki andVaasa aremainly rural districts, while
Pirkanmaa is more urbanized, which is reflected in the age-
structure and distribution of its populations.

From 1981 to 2010, the population increased by 19% in
Pirkanmaa and 9% in Vaasa, while a 2% decrease was
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reported in Seinäjoki. A 21% decrease in the age group 0–39
years was observed in Seinäjoki and Vaasa [11].

Neurological services were evenly distributed between
the district hospitals. MS is diagnosed by neurologists in
central or university hospitals in Finland [10]. CSF is a routine
examination in MS diagnostics. MRI scans have been used
in diagnostics from 1990 in Pirkanmaa and 1993 in Seinäjoki
and Vaasa.

The National Institute for Health and Welfare and the
local ethical standards committee approved the retrospective
examination of identified patient records in the hospitals in
this study.

Patients with multiple sclerosis in the health care districts
of Pirkanmaa, Seinäjoki and Vaasa, including Jacobstad, were
recruited from hospital registries from January 1, 1981 to
December 31, 2010 according to multiple sclerosis or morbus
demyelinans diagnoses and optic- or retrobulbar neuritis
(340, 341, and 377 in the International Classification of
Diseases, ICD versions 8 and 9, G35, G37, and H46 in ICD-
10). The patient records were then examined by the authors
(Markus Holmberg, Annukka Murtonen, and Marja-Liisa
Sumelahti). Patient information was collected on the date,
and the quality of the first symptoms and clinical findings
were recorded. Confirmatory positive results at the time
of diagnosis were obtained from patient records for MRI,
cerebrospinal fluid (CSF), and evoked potentials (EP). The
dates of the follow-upMRI results were also recorded. Patient
cases were included in the analyses when fulfilling the criteria
of clinically (CD) or laboratory supported definite (LSD) MS
as previously described by Poser [12] during January 1, 1981
to December 31, 2010, and when the patients resided in the
study districts at the year of diagnosis.The patient’s residence
was updated using a personalized identification number and
the year of diagnosis at Statistics Finland.

The age-adjusted and gender-specific incidence per 105
person-yearswas calculated from January 1, 1981 toDecember
31, 2010 for three 10-year-periods (1981–1990, 1991–2000, and
2001–2010) with a 95% confidence interval (CI) by district.
The incidence of the 5-year-periods did not change our
overall conclusions (data not shown). Furthermore, to avoid
chance variation, we used 10-year-periods in our calculations.
Due to the small number of cases in the age-specific strata,
indirect standardization [13] was used to study regional risk
during 1981–2010. In this study, the standard population used
was the Pirkanmaa population.The incidence rates in Pirkan-
maa from 1981 to 2010 in each 10-year-age group were used to
calculate the expected numbers of cases for both the Seinäjoki
and Vaasa populations. The resulting expected number of
cases was then compared to the actual observed numbers of
cases in Seinäjoki and Vaasa, resulting in the standardized
incidence rate (SIR), which was the ratio of observed and
expected cases.The total and gender-specific SIRs with a 95%
CI are presented.

3. Results

The patient characteristics of 1617 cases is shown in Table 1.
The onset symptoms were evenly distributed (the district-
specific figures are not shown), as were the total F/M ratio

60
∘

70
∘

Vaasa

Pirkanmaa

Helsinki

Sein ̈ajoki

Figure 1:Map of Finland. Finland lies in Scandinavia, North Europe
between latitudes 60–70∘N.Gulf of Bothnia in northernmost part of
Baltic Sea limits the west coast. The total population was 5.4 million
in 2010. The University Hospital District of Tampere is demarcated,
and location of central hospitals and hospital districts in Pirkanmaa
(oblique lines), Seinäjoki (dots), and Vaasa (dark grey) are pointed
in the map.

(2.2), median age at onset (32.0), and age at diagnosis (37.0
years).Themedian diagnostic delay decreased from 4.0 years
to 2.0 years (Chi-square test 𝑃 < 0.001) during the study
periods. Paraclinical studies in 10-year-periods are shown
in Table 2. The CSF (including either the IgG index, immu-
noelectrophoresis, or both) was performed in 89–92% of the
cases. The decreasing use of evoked potentials (27% to 19%)
and the increasing use of MRI (36% to 98%) was observed
during the follow-up evaluation.The second scan, which was
used to study dissemination in time and space in 65% of the
cases, was performed during the next 18 months after the first
scan in 58% of the cases, 94% of which were positive for MS.
The delay to the first MRI from the date of onset of symptoms
was significantly decreased during the follow-up evaluation
(Figure 2).

From January 1, 1981 to December 31, 2010, the age-
adjusted incidence was 6.7 × 105 (95% CI: 6.2–7.2) in Pirkan-
maa, 12.5 × 105 (95% CI: 11.5–13.5) in Seinäjoki, and 8.3 × 105
(95%CI: 7.4–9.2) inVaasa.The SIRwas 1.9 (95%CI: 1.7–2.0) in
Seinäjoki and 1.2 (95% CI: 1.1–1.4) in Vaasa, compared to
Pirkanmaa (SIR 1.0).

The incidence for 10-year-periods (1981–1990, 1991–2000,
and 2001–2010) is shown in Table 3. A steady increase in
Pirkanmaa (from 5.1 to 8.2) and a two-fold increase in both
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Figure 2: Percentage of performed MRI scans by time from disease
onset among MS cases diagnosed between 1981 and 2010.

Table 1: Characteristics of MS cases in Pirkanmaa, Seinäjoki, and
Vaasa during the period 1981–2010.

Number of cases, n (%)
Total 1617
Male 512 (32)
Female 1105 (68)
F/M 2.2

Diagnosis using Poser, n (%)
CDMS 60 (4)
CDMS + paraclinical 1223 (75)
LSDMS 75 (5)
LSDMS + paraclinical 259 (16)

Age, years
At onset, median 32
At the time of diagnosis, median 37

Diagnostic delay, years
Mean 4.6
Median 2.0

First symptoms by anatomic level, %
Brainstem/cerebellum 25
Visual tract 22
Sensory 22
Medullary 19
Pyramidal tract above medulla 5
Other/UN 4
Multiple 3

Seinäjoki (from 7.1 to 14.7) and Vaasa (from 5.7 to 11.7) were
observed.The female incidence was significantly higher in all
age groups and in all districts. The male incidence decreased
during the last decade in Vaasa and Seinäjoki.The F/M ratios
remained stable in Pirkanmaa (2.5, 2.1, 2.2) and increased 1.3-
fold (1.8, 1.9, and 2.3) in Seinäjoki and 1.6-fold (1.8, 2.1, and
2.8) in Vaasa.

The F/M ratios in the 10-year-age groups according to
district are shown in Figure 3.Thehighest F/M ratio of 3.5was

Pirkanmaa 22 189 221 178 64 10
10 121 179 174 79 15

Vaasa 9 76 115 101 47 7

0
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Figure 3: F/M-ratio by total number in 10-year-age groups among
cases diagnosed during 1981–2010 in hospital districts of Pirkanmaa,
Seinäjoki, and Vaasa. There were no men in the 10–19 group in
Seinäjoki.

observed in the 10–19-year-age group. In Pirkanmaa, the ratio
subsequently remained stable, whereas peaks were observed
in Seinäjoki (age group: 30–49-years) and Vaasa (age group:
30–39-years).

Female risk values in Seinäjoki (SIR 1.8, 95% CI: 1.7–2.0)
and Vaasa (1.5, 95% CI: 1.3–1.7) were similar and the age-
specific incidence peaked at 30–39 years (Figure 4). Male risk
in Seinäjoki was 2-fold compared to Pirkanmaa (SIR 2.00,
95% CI: 1.7–2.3) and the incidence was high in the large age
group (20–59 year olds). In Vaasa, male risk (1.4, 95% CI: 1.2–
1.7) peaked in the older age groups.

4. Discussion

Regional differences in MS epidemiology were among
the earliest observations made in Finland [8–10]. Earlier
observations on high-risk MS in Seinäjoki have also been
confirmedhere, because the 30-year-incidence rate of 12.5/105
person-years in 2010 is the highest reported [8, 10]. The inci-
dence was 8.3 and 6.7 in Vaasa and Pirkanmaa, respectively.
However, the regional MS risk in Seinäjoki remains nearly
two-fold (SIR 1.9) compared to Vaasa (1.2) and Pirkanmaa
(1.0) in Finland. The southern and urbanized Uusimaa dis-
trict, which locates the capital city Helsinki, and Pirkanmaa
(formerly Häme) are regarded as regions with similar and
standard MS risk in Finland [8, 10]. This perception holds
true, because an incidence of 5.1 in Uusimaa was reported in
1993 [10], which was similar to the rate of 5.1 in Pirkanmaa in
1981–1990.

Consistent with these findings, contemporary studies
performed in Ireland and Wales [2, 14] revealed an approx-
imately 1.5-fold increase in the F/M ratio, observed also in
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Table 2: Paraclinical test results among cases with definite MS diagnosis by 10-year periods from 1981–2010.

Hospital district 1981–1990 1991–2000 2001–2010
Cases CSF EP MRI Cases CSF EP MRI Cases CSF EP MRI

Pirkanmaa 167 152 88 72 219 209 98 199 298 282 50 292
Percentage performed 91% 53% 43% 95% 45% 91% 95% 17% 98%
Positive findings (%) 150 (99%) 73 (83%) 67 (93%) 192 (92%) 79 (81%) 176 (88%) 255 (90%) 38 (76%) 267 (91%)
Seinäjoki 123 106 7 36 237 215 69 189 218 200 70 213
Percentage performed 86% 6% 29% 91% 29% 80% 92% 32% 98%
Positive findings (%) 97 (92%) 5 (71%) 32 (89%) 194 (90%) 48 (70%) 176 (93%) 173 (87%) 50 (71%) 196 (92%)
Vaasa 70 63 1 21 142 126 9 117 143 126 6 140
Percentage performed 90% 1% 30% 89% 6% 82% 88% 4% 98%
Positive findings (%) 55 (87%) 1 (100%) 21 (100%) 103 (82%) 6 (67%) 109 (93%) 102 (81%) 5 (83%) 129 (92%)
Total 360 321 96 129 598 550 176 505 659 608 126 645
Percentage performed 89% 27% 36% 92% 29% 84% 92% 19% 98%
Positive findings (%) 302 (94%) 79 (82%) 120 (93%) 489 (89%) 133 (76%) 461 (91%) 530 (87%) 93 (74%) 592 (92%)
CFS: cerebrospinal fluid, Ep: evoked potential, and MRI: magnetic resonance imaging.

Table 3: Incidence of MS during the three decades examined in Pirkanmaa, Seinäjoki, and Vaasa.

Period 1981–1990 1991–2000 2001–2010
District Inc/105 95% CI N Inc/105 95% CI N Inc/105 95% CI N
Pirkanmaa

Males 3.0 (2.2–3.8) 48 4.1 (3.1–5.1) 70 5.1 (4.1–6.1) 92
Females 7.1 (5.8–8.4) 119 8.8 (7.4–10.2) 149 11.5 (9.9–13.1) 206
Total 5.1 (4.3–5.9) 167 6.5 (5.4–7.4) 219 8.2 (7.3–9.1) 298

Seinäjoki
Males 5.0 (3.5–6.5) 44 10.5 (8.2–12.8) 83 8.6 (6.5–10.7) 66
Females 9.2 (7.2–11.2) 79 20.3 (17.1–23.5) 154 21.0 (17.7–24.3) 152
Total 7.1 (5.8–8.4) 123 15.3 (13.4–17.2) 237 14.7 (12.7–16.7) 218

Vaasa
Males 4.1 (2.5–5.7) 25 7.4 (6.3–8.5) 46 6.0 (4.6–7.4) 38
Females 7.4 (5.2–9.6) 45 16.0 (14.4–17.6) 96 17.6 (14.2–21.0) 105
Total 5.7 (4.4–7.1) 70 11.7 (10.7–12.7) 142 11.7 (9.8–13.6) 143

this study in districts of Seinäjoki and Vaasa from 1981–
2010. Ratios of 2.3 in Seinäjoki and 2.8 in Vaasa in 2010
exceeded the corresponding ratios of 1.6 and 2.2 in an earlier
study from 1979–1993 [10]. However, the ratio in Pirkanmaa
remained stable, which was consistent with other previous
studies [15, 16].

MS affects women during their most active years of life.
In this study, we showed the highest F/M ratio of 3.5 in the
10–19-year-age group, where the total incidence remains low.
The female preponderance remained high in the 20–59-year-
age group.Thus, the high F/M ratio in the youngest age group
may indicate the presence of risk factors affecting this female
subpopulation, independent of a geographically associated
risk.

The local risk of multiple sclerosis in Seinäjoki may be
explained by genetic factors because HLA characterization
has demonstrated increased frequencies for B7, B12, and
DR2 among both patients and their healthy relatives [17].
The patients’ families were subsequently examined for the
myelin basic protein (MBP) gene on chromosome 18, which is

a candidate gene involved in multiple sclerosis. Genetic
linkage and association analyses suggested that a genetic pre-
disposition tomultiple sclerosiswas closely linked to theMBP
gene in this population [18]. Despite this finding, the genetic
background was similar in rural areas of partially Swedish-
speaking Vaasa, Finnish-speaking Seinäjoki, and the more
urbanized Pirkanmaa [19–21].

Risk among males was increased in Seinäjoki despite the
presence of a declining male incidence. The SIR for males
remained 2-fold (2.0, 95% CI: 1.7–2.3), with an SIR of 2.8
(95% CI: 2.3–3.5) reported in an earlier study in 1979-93 [10].
Although the SIRs for males in both Seinäjoki and Vaasa
(1.4) were higher compared to Pirkanmaa, they did not differ
from the female ratios. Given that the populations exam-
ined were genetically homogeneous and stable and that the
genetic changes in these populations were slow, the gender-
specific incidence trends observed in this study indicated that
environmental factors affecting the increased male MS risk
in high-risk districts were less powerful than factors affecting
the increasing female preponderance in the 1990s. According
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Figure 4: Incidence of MS in the 10-year-age groups in Pirkanmaa, Seinäjoki, and Vaasa hospital districts during the period 1981–2010.

to this observation, the factors affecting males and females
may be different in general, and some of these factors may
act temporally and locally.

The common awareness ofMS and the availability ofMRI
from 1993 in all districts, together with revised criteria and
justified early DMT start in RRMS have also precipitated MS
diagnosis in Finland [22, 23]. The diagnostic evaluation per-
formed in this study was on the basis of the International and
National Current Care Guidelines [24–26]. Due to a highly
centralized health care system,wewere able to obtain full cov-
erage of the MS patients in this population-based study. The
diagnosis-based incidence was used to avoid proportional
incidence and underestimated risk, in addition to problems
with recognition and the definition of the historical and often
arbitrary onset symptoms in long-term follow-up evaluations
[10]. We included definite MS cases to consolidate regional
and temporal comparisons. Active CSF sampling in Finland
promoted the application of Poser criteria [12], in which a
positive finding is essential. CSF s considered fundamental in
differential diagnostics for MS [27]. Because purely clinical
diagnoses were nearly nonexistent in 2001–2010, diagnostic
specificity may be considered high in this cohort. However,
the number of cases was fairly low, and the population in cen-
tral parts of the country was younger compared to Seinäjoki
and Vaasa, which was among the factors that may con-
found a regional and temporal comparison of incidence [11].
Thus, because small numbers were generally present in the
age- and gender-specific strata, we decided to use indirect

standardization in the risk calculations performed in this
study [13].

Weobserved a significant decrease in the diagnostic delay,
which was consistent with rapid MR imaging after the first
symptoms in 2001–2010 in each district. Despite this finding,
the incidence during the last ten-year period in both Vaasa
and Seinäjoki showed a stabilization after a two-fold increase
in 1981–2000. In 1981–2010, the population at risk in the 10–
39-year-age groups decreased to 11% and 26% in Vaasa and
Seinäjoki, respectively.The number of MS cases in 2001–2010
decreased by 21% in both Seinäjoki (a decrease from 122 to
96 patients) and Vaasa (from 80 to 63 patients), which was
observed in males and caused the recent stabilization and
observed incidence decline. In Pirkanmaa, the population
only decreased by 3% and the number of new MS cases
increased by 23% (from 130 to 168 patients), which was
accompanied by a steadily increasing trend. Despite these
recent differences in population structure, the current sources
of livelihood were similar in the districts, including those of
the Swedish-speaking population (22%) in the Vaasa district,
which may indicate that the environmental risk factors may
be connected to changes and differences in lifestyle.

In conclusion, Seinäjoki and Vaasa represented high MS
risk areas, where risk was observed to be high among females,
peaking in the youngest age group, and among males in a
large age group. However, high risk in general reflects both
genetic and environmental effects. These effects may also
be shared among other autoimmune diseases, such as type 1
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diabetes mellitus, which predominantly affects males. The
incidence of type 1 diabetes mellitus closely follows MS,
both geographically and temporally, in Finland [28]. Thus,
population-based case control studies are required to further
characterize these factor effects, which may include a role for
Vitamin D, several lifestyle factors (including smoking, obe-
sity, and hormone replacement therapy), and later childbirth
among females.
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1  | INTRODUC TION

Epidemiological observations in multiple sclerosis (MS) have con-
sistently pointed at globally increasing prevalence.1,2 At the same 
time, MS mortality has decreased, and analyses on incidence have 
shown both stability and increase.2-5 The highest age-standardized 
estimates have been observed in northern latitudes where preva-
lence among women and in relapsing-remitting MS is high. The re-
lationship between socioeconomic determinants and increase in MS 
occurrence is observed, occurrence being higher in areas of higher 
socioeconomic level.6 The case ascertainment and diagnostic criteria 

used in contemporary cohorts are today fairly comparable, but dif-
ferences in population composition and population ethnic back-
ground, data sources, and follow-up times are among the causes that 
hamper the direct comparisons.

Finland is located between latitudes 60° and 70°N, and lon-
gitudes 20° and 32°E, and it is one of the world's northernmost 
countries. Epidemiological data updated in 2016 showed a high 
nationwide MS crude prevalence estimate of 180-200/105 and 
east-west gradient.7,8 Incidence trends from 1981 to 2010 in the 
Province of Western Finland in Tampere University Hospital District 
showed a significant increase among women and opposite trends 
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Objective: To study ten-year change in MS prevalence in the Province of Western 
Finland in Tampere University Hospital District located in 62.7°N, 23.7°E.
Methods: Age-standardized prevalence/105 by using direct standardization in 
European Standard Population (ESP2013) and crude prevalence/105 with 95% con-
fidence interval (95% CI) were assessed among resident MS cases fulfilling Poser cri-
teria by sex and disease course in 31.12.2000 and 31.12.2010. MS-related disability 
and disease-modifying treatment (DMT) use were estimated in 31.12.2010.
Results: Crude prevalence increased 49% from 129/105 (95% CI 121-137) in 2000 (N 
1080) to 196/105 (187-203) in 2010 (N 1666). Age-standardized prevalence increased 
45% from 133/105 (127-140) to 192/105 (184-200) and peaked in 40- to 49-year 
age-group. Age-standardized prevalence increased 58% among women from 176/105 
(171-176) to 277/105 (270-284) and 31% among men from 91/105 (87-95) to 119/105 
(115-124). Increase in RRMS was 61% from 111/105 (105-117) to 179/105 (171-186), 
and decrease in PPMS was 14% from 21/105 (19-24) to 18/105 (15-21). 
In 2010 among the 52% RRMS cases on DMT, MS-related disability was mild in 50%. 
In total, cohort disability was mild in 46%, moderate to severe in 47%, and informa-
tion was not available in 14%.
Conclusion: A significant increase in prevalence was observed in Western Finland. 
Increase was higher among women and in relapsing-remitting onset MS. Disability 
showed age- and disease course-specific variation.
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in increasing relapsing-remitting onset MS (RRMS) and decreasing 
primary progressive (PPMS).9 These trends differed from a tandem 
increase in RRMS and PPMS reported in a Finnish MS cohort from 
1979 to 1993.10

We aim to study prevalence in 2000 and 2010 in the Province of 
Western Finland in Tampere University Hospital District and eval-
uate the impact of the observed incidence trends. In order to un-
derstand the present and future healthcare needs in MS, we aim to 
focus on disease course- and age-specific changes, disability status, 
and disease-modifying treatment (DMT) use in the prevalence co-
hort in 2010.

2  | MATERIAL S AND METHODS

After the National Institute for Health and Welfare and local ethical 
standards committee approval, a retrospective search from hospital 
administrative registries for diagnoses multiple sclerosis or morbus 
demyelinans and optic- or retrobulbar neuritis (340, 341, and 377 
in the International Classification of Diseases, ICD versions 8 and 9, 
G35, G37, and H46 in ICD10) up to 31.12.2010 was accomplished 
in three central hospital districts belonging to Tampere University 
Hospital District in the Province of Western Finland, shown in 
Figure 1. The catchment area located in 62.7°N, 23.7°E includes the 
high-risk areas in coastal hospital districts of Vaasa and Seinäjoki, 
and the more centrally located Pirkanmaa. The genetic and socio-
economic background in the districts is similar both in rural areas of 
partially Swedish-speaking Vaasa, Finnish-speaking Seinäjoki, and in 
the more urbanized Pirkanmaa.11,12

Altogether 2131 cases with searched ICD diagnoses were identi-
fied from 1950s up to end of follow-up in 31.12.2010. Retrospective 
and longitudinal follow-up up to 31.12.2010 involved data collec-
tion from patient documents for time point of initial MS symptoms, 
symptoms and disability progression during the follow-up, diagnos-
tic procedures including cerebrospinal fluid examination, evoked 
potential and magnetic resonance imaging (MRI) dates and results. 
Information was scrutinized from patient records from first and suc-
cessive neurological hospital visits up to 31.12.2010 by authors and 
MD Markus Holmberg. Cases were reassessed by authors to meet 
the inclusion criteria for a confirmed diagnosis by Poser at preva-
lence dates 31.12.2000 and 31.12.2010, including laboratory-sup-
ported and clinically definite MS cases.13 Disease course at onset 
was categorized into relapsing-remitting MS (RRMS), including later 
secondary progressive MS cases, and primary progressive at onset 
(PPMS). The classification of disease course first done by a treat-
ing neurologist was re-evaluated by authors to meet the criteria by 
Lublin and Reingold.14

Inclusion criteria for prevalence assessments were residency in 
the study district and a confirmed MS diagnosis by definite Poser cri-
teria13 at prevalence dates in 31.12.2000 (N 1080) and 31.12.2010 
(N 1666). Date of death and residency at prevalence dates were up-
dated by personalized identification number at Finnish Population 
Register Center.

Disability status in 31.12.2010 was evaluated. Assessment 
based on neurological examination at yearly clinical visits includ-
ing visits in ± one-year window. Disability categorization into 
mild, moderate, or severe was based on given Expanded Disability 
Status Scale (EDSS)15 value or description of disability in patient 
document based on status signs, patient-reported symptoms, and 
symptomatic treatment shown in the patient record. In case there 
was no description of handicap at any central nervous system level 
or any symptoms that needed treatment or rehabilitation, or when 
the described symptoms and signs could be graded as mild, we 
categorized patient into a mild disability group, corresponding to 
EDSS grades <3.0. Categorization to moderate disability group 
concerned cases with a reported handicap in several functions, 
corresponding EDSS grades 3.0-5.5. Severe disability group here 
included cases with a significant handicap, shortened walking dis-
tance, and a regular use of a walking aid, corresponding EDSS 6.0 
or greater.

In 2010, information on disability was available in 86%, 
1432/1666. Among these, EDSS value was given in 61.2%, 876/1432 
cases. In 556 cases, disability assessment based on a detailed de-
scription in patient record. Altogether 234/1666 cases (14.4%) were 
lost from yearly hospital follow-up in 2010, and information on dis-
ability was not available; of them, 47 were PPMS and 187 RRMS 
cases. Information was available in 94.6% for RRMS cases on active 
DMT (790/835) in 2010.

Use of disease-modifying immunomodulatory treatments (DMT) 
was assessed in 31.12.2010 among RRMS cases and based on lon-
gitudinal information in patient record. We did not include infor-
mation on earlier treatments or if treatment was stopped before 
31.12.2010. In 2010, a total of 835/1432 RRMS cases were actively 
using DMTs. Use of injectable DMTs started in 1990s in Finland, and 
patients on any immunomodulatory medication are followed in hos-
pital neurological clinics. Injectable treatments are reimbursed by 
Finnish Social Insurance Institution.

Age-standardized total and sex-specific prevalence per 105 with 
95% confidence interval (95% CI) were calculated by using a direct 
method in European standard population in 2013 (ESP2013), where 
standard population is based on geographical area given in Eurostat 
report.16 Population statistics from Statistics Finland (www.stat.
fi) was used to study crude total, sex-, and disease course-specific 
prevalence per 105 with 95% CI. Demographic comparisons of cases 
in the 2000 and 2010 prevalence cohorts were calculated, and the 
significance of each comparison was assessed with suitable statisti-
cal tests (eg, chi-squared, one-way ANOVA, independent samples t 
test); significance was given by using P values <.05. STROBE check-
list was used. Statistical analyses were made with SPSS for Mac ver-
sion 25.

3  | RESULTS

The catchment area in the Tampere University Hospital District in 
Western Finland located 62.7°N and 23.7°E is shown in Figure 1.

http://www.stat.fi
http://www.stat.fi
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In 31.12.2000 inclusion criteria for prevalence were met by a 
total of 1080 MS cases, 718 women and 362 men (F/M 2.0) in a 
population of 836 596. In 31.12.2010, a total of 1666 cases, 1150 
women and 516 men (F/M 2.2), were included in a population of 
875 875. The detailed demographics of cases in 2000 and 2010 are 
given in Table 1. Mean diagnostic delay (time to diagnosis from onset 
symptoms) remained stable (P > .05). Female vs. male ratio increased 
from 2.0 to 2.2. Mean age and disease duration were lower in RRMS 
group as compared to PPMS (P < .05) at both time points.

Total age-standardized prevalence (ESP2013) increased 44.5% 
from 133.0/105 (95% CI 126.7-139.7) in 2000 (N 1080) to 192.2 
(184.3-200.2) in 2010 (N 1666). Increase was 57.5% among women 
from 175.9 (170.6-175.9) to 277.0 (270.4-283.6) and 30.8% from 

91.0 (87.4-94.8) to 119.0 (114.6-123.5) among men. (Figure 2.) 
Total age-standardized prevalence in 10-year age-groups peaked in 
50-59 years in 2000 and in 40-49 years in 2010; this was also true 
among men but the peak prevalence among women in age-group 
40-49 years remained unchanged (Figure 3).

Total age-standardized prevalence in RRMS increased 60.4% 
from 111.3 (105.4-117.1) in 2000 (N 906) to 178.5 (171.0-186.0) in 
2010 (N 1490). In PPMS, decrease was 15.9% from 21.4 (18.8-24.0) 
in 2000 (N 174) to 18.0 (15.4-20.6) in 2010 (N 176).

Crude prevalence increased 51.4% from 129.1 (121.4-136.8) in 
2000 to 195.5 (186.5-202.5) in 2010. The 66.3% increase among 
women from 156.1 (131.5-180.7) to 259.6 (244.6-274.6) was >50.5% 
increase among men from 79.2 (61.0-97.4) to 119.2 (108.9-129.5). 

F I G U R E  1   Map of Finland. Finland lies 
in Scandinavia, North Europe between 
latitudes 60-70°N. Gulf of Bothnia in 
northernmost part of Baltic Sea limits the 
west coast. Western district locates in 
62.7°N, 23.7°E and belongs to Tampere 
University Hospital District. Location 
of three hospitals in Pirkanmaa (oblique 
lines), Seinäjoki (dots), and Vaasa (dark 
gray) are pointed in the map
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Crude prevalence in RRMS increased 59.4% from 106.7 (99.7-113.7) 
to 170.1 (161.5-178.8) and differed from the trend (decrease 3.4%) in 
PPMS from 20.8 (17.7-23.9) to 20.1 (17.1-23.1). Age- and sex-specific 
prevalence estimates in 2000 and 2010 are presented as a Table S1.

In 31.12.2010, the number of resident MS cases in three hospi-
tal districts was 762 (47.5%) in Pirkanmaa (population 511 156), 560 
cases (33.6%) in Seinäjoki (198 469), and 356 cases (21.4%) in Vaasa 
(166 250). The age-standardized prevalence (ESP2013) was 275.6 
(267.6-283.5) in Seinäjoki, 226.1 (202.1-250.2) in Vaasa, and 149.3 
(120.9-177.8) in Pirkanmaa.

In 2010, the mean and median calendar year of MS diagnoses 
were 1996 and 1999. Mean age at follow-up was 50.2 years, and 
mean disease duration was 13.5 years. Mean age in PPMS cohort 
(N 176) was significantly higher (P < .001) 62.4 years (SD 10.9) as 
compared to RRMS cohort (N 1490), 48.8 years (SD 13.8). Same was 
true for disease duration, 19.0 years (11.9) and 12.8 years (10.1), re-
spectively (P < .001).

Disability distribution in 31.12.2010 in total cohort showed 
a mild disability in 46% of cases, which was significantly higher 

percentage than the 16% in moderate, 23% in severe, and 14% with 
missing disability evaluation, P < .001. Distribution by disease course 
is shown in Figure 4. Disease course-specific distribution pointed at 
a mild disability among the majority of RRMS cases in 52% and se-
vere disability among PPMS cases in 44%. Disability evaluation was 
not available in 14%, and these cases represented older age-groups 
and a long disease duration: the mean age was 60.7 years (SD 11.9) in 
RRMS (N 187) and 66.6 years (11.0) in PPMS, and the disease dura-
tion was 20.7 years (11.5) and 21.8 (13.6) years, respectively.

In 31.12.2010, a total of 835/1490 RRMS cases (56%) were ac-
tively using DMT, mainly injectable medications (51.6%). Treated 
RRMS patients showed a mild disability (corresponding to EDSS 
0-2.5) in 50% (421/835) and mainly in the youngest age-group 
<31 years, shown in Figure 5. DMTs were any subcutaneous or intra-
muscular injectable in 753/835 (90.2%), natalizumab in seven, and 
other immunosuppressing medication in 17 case. Fifty-nine cases 
were participating in randomized clinical trials. EDSS value in 2010 
was given in 94.6%, and disability evaluation was missing 5.4% (45 
cases). Disability increased in older age-groups, and moderate or 

TA B L E  1   Demographic features in MS prevalence cohorts by disease course at end of follow-up in 31.12.2000 and 31.12.2010

 

31.12.2000 31.12.2010

RRMS PPMS P Total RRMS PPMS P Total

Total N (%) 906 (84%) 174 (16%)  1080 (100%) 1490 (89%) 176 (11%)  1666 (100%)

Women 618 (86%) 100 (14%)  718 (100%) 1046 (91%) 104 (9%)  1150 (100%)

Men 288 (80%) 74 (20%)  362 (100%) 444 (86%) 72 (14%)  516 (100%)

F/M 2.2 1.3  2.0 2.4 1.4  2.2

Mean age (SD), y 48.0 (12.3) 56.6 (11.1) <.001 49.6 (12.6) 48.8 (13.8) 62.4 (10.9) <.001 50.2 (14.2)

Disease duration, mean 
(SD), y

11.7 (9.3) 15.8 (11.1) <.001 12.5 (9.8) 12.8 (10.1) 19.0 (11.9) <.001 13.5 (10.5)

Age at diagnosis, mean 
(SD), y

36.6 (10.1) 41.1 (9.6) <.001 37.3 (10.2) 35.9 (10.3) 43.4 (10.4) <.001 36.7 (10.5)

Diagnostic delay, mean 
(SD), y

4.5 (5.7) 4.0 (4.9) .2 4.4 (5.6) 3.9 (5.7) 4.1 (5.5) .7 3.9 (5.7)

Abbreviations: F/M, female to male ratio; PPMS, primary progressive multiple sclerosis; RRMS, relapsing-remitting multiple sclerosis.

F I G U R E  2   Total and sex-specific 
age-standardized prevalence in 2000 and 
2010
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severe disability was observed in 369/835 (45%). Disability distribu-
tion showed no sex difference (Chi-squared P = .58).

4  | DISCUSSION

The ten-year increase in MS age-standardized prevalence in Western 
Finland showed a statistically significant 32% increase from 2000 to 
2010. The 192/105 age-standardized prevalence in 2010 is high in 
global comparison and corresponds to prevalence in other Nordic 
areas and the recent estimate in Finland.2,8 Increase concerned both 
sexes, and the female versus male ratio varied only slightly from 2.0 
to 2.2. The significant increase in RRMS prevalence contrasted the 
stable trend in PPMS. Prevalence increased in all age-groups and 
peaked in age-group 40-49 years in 2010.

The relative effects of changes in MS survival and incidence are 
reflected in prevalence. As the recent incidence and sex difference 

seem to have stabilized3 and the global trends in mortality have de-
creased,2 the general increase in prevalence is largely explained by 
increasing survival in MS population,17 which may largely explain for 
the ten-year change also in our data. The incidence up to 2010 in the 
three hospital districts under study has earlier shown high female 
versus male ratios and both increase (in Pirkanmaa) and stability (in 
Seinäjoki and Vaasa) in total trends.18 The earlier reported concur-
rent standardized mortality ratios up to 2006 in a Finnish cohort 
(including Seinäjoki, Vaasa, and southern Uusimaa districts) diag-
nosed from 1964 to 1993 were shown to be higher among women 
as compared to men.19 The relative impact of both sex-specific inci-
dence change and the sex-specific mortality risk may be reflected 
in the age-specific standardized prevalence change, where peak 
among women remained in the 40 to 49-year group, but moved from 
50-59 years to 40-49 years among men.

In this study, we examined demographic trends which may have 
impacted the prevalence proportions at two time points. Decrease 

F I G U R E  3   Age-standardized 
prevalence in ten-year age-groups in 2000 
and 2010

F I G U R E  4   Number and distribution 
of RRMS (1490) and PPMS (176) cases by 
disability status in 2010
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in mean age at diagnosis was less than one year after an interval of 
10 years. There was only a modest increase both in the mean disease 
duration from 12.6 to 13.5 years and in the mean age from 49.6 to 
50.2 years, corresponding to the stability in age-specific trend. The 
identified demographic differences in the two cohorts concerned 
the increased mean disease duration from 15.8 to 19 years and 
mean age from 56.6 to 62.3 years in PPMS. The respective change 
in RRMS group was smaller, duration from 11.7 to 12.8 years and 
mean age from 47.9 to 48.8 years. These demographic changes in 
disease course groups reflect the longevity effect. However, the im-
pact of concurrent incidence changes from 1981 to 2010 in the same 
catchment area is to be considered, as we have reported a statisti-
cally significant increase in RRMS from 4.2 (95% CI 3.7-4.6) to 9.7 
(8.9-10.5)/105 and a drop in PPMS from 1.2 (0.9-1.4) to 0.7 (0.5-0.7), 
which differences however stabilized during the last study decade.9 
These trends differed from the observation in a Finnish cohort diag-
nosed in 1979-1993, where a tandem increase in RRMS and PPMS 
was shown.10 Differences between results in the two incidence 
studies may be explained by improvements in MS diagnostics, the 
common awareness and importance of early diagnosis and treatment 
start. The resulting disease course-specific prevalence trends in 
2000 and 2010 differed, likely reflecting impact of both survival and 
incidence. The impact of factors related to case ascertainment and 
diagnostic accuracy seems to have stabilized recently, since there 
was no remarkable change in age at diagnosis or diagnostic delay 
in the 2000 and 2010 prevalence cohorts. The impact of longevity 
effect and incidence has resulted in a high mean age in PPMS, over 
60 years, being 49 years in RRMS in 2010. MS-related disease bur-
den was higher in PPMS subgroups, based on a proportion of cases 
with a confirmed severe disability. The long follow-up from 1950s 

to 2010 and inclusion of secondary progressive cases into relaps-
ing-remitting onset MS category are the likely factors explaining for 
the variability of disability distribution in RRMS. The highest propor-
tion of cases with a low disability was observed among the youngest 
RRMS cases who were using disease-modifying treatments in 2010.

Estimates for DMT use in MS cohorts are generally scarce. 
Injectable DMTs, available from 1990s, were used in more than half 
(52%) among the RRMS cases in our 2010 cohort. The 76% of all 
cases on current treatment were included in a mild disability group in 
age-group <31 years, which was significantly higher as compared to 
reported 51% in largest age-group of 31-60 years, result concerning 
both sexes. However, altogether 45% of cases on treatment showed 
a moderate-to-severe disability and more so in older age-groups. We 
did not include cases who had stopped medication before follow-up 
in 2010 and the estimate for DMT use as given here is a rough point 
estimate and in dynamic change. The results on disability in our total 
and RRMS cohorts indicate both burden related to quality of life, 
long-term treatment costs, and employment, as well as a need for 
rehabilitation services in a wide age-group of MS patients.20,21

The limitation for comparability of data concerns the changing 
diagnostic criteria and diagnostic methods in long follow-up studies 
such as in our study. The first diagnosed cases in our data from 1950s 
to 1990s were diagnosed in the clinics mainly by using Schumacher 
criteria.22 During the follow-up, these criteria were substituted by 
Poser criteria13 in 1990s and the McDonald criteria in 2000s.23 
Active cerebrospinal fluid sampling and examination using both IgG 
index and oligoclonal bands as well as active use of MRI, including 
gadolinium enhancement from 1990s, promoted the retrospective 
application of Poser criteria in our data. Cases in our study cohorts 
were re-evaluated to fulfill the laboratory-supported or clinically 

F I G U R E  5   Distribution of cases 
in 2010 on active disease-modifying 
treatment (DMT) in three age-groups by 
disability status. Evaluation of disability 
was not available in 45 cases in 2010
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definite MS by Poser criteria, and this led to exclusion of cases es-
pecially in older age-groups where patient documents did not show 
sufficient evidence for a definite diagnosis.

By using the definite Poser inclusion criteria, our effort was to 
control for the risk for diagnostic bias and ascertain for the validity 
of case ascertainment in this study cohort covering a long follow-up 
of cases from 1950s.

Another limitation in our inferences concerns the disability as-
sessment. Today EDSS is implemented in MS follow-up information 
in neurological clinics, and also, in our data EDSS was given in a ma-
jority of cases on active follow-up. Disability assessment in almost 
quarter of cases was however based on status description and thus 
susceptible to biases, both in terms of the level of detail provided in 
the record and the authors’ interpretation of this. We categorized 
disability in three severity categories, based on both given EDSS and 
descriptive assessment. Such categorization into mild, moderate, 
and severe disability is also used elsewhere, and we believe that it 
gives a clear enough perception of disability.2 Disability informa-
tion in 2010 was not available in 14%. In this group, a progressed 
disability is likely, as a truly benign disease course is rare and pa-
tients are shown to live at an average almost 20 years with moderate 
and 30 years with severe disability, as was reported in a Swedish 
study.24,25 In spite of the shortcoming, the convincing trend for pro-
gressive nature in MS by age was observed in RRMS group for cases 
on DMT, where disability information was available in 95%.

Strength in this population-based study is a confirmed diagnosis 
and a long follow-up in neurological clinics, and a stable ethnic and 
socioeconomic background12 of the study population in a large pop-
ulation and catchment area. Data on death dates and residence are 
based on national data sources by using a personalized identity code 
given to Finnish residents. This information is reliable, and it was 
available for all cases. MS patients in Finland in almost 100% are di-
agnosed and treated in publicly funded central or University Hospital 
neurological clinics. Comparable medical standards in the hospitals 
enable us to draw inferences on regional trend. Our data source is 
reliable, and it is based on hospital discharge ICD diagnoses. We were 
able to scrutinize information for neurological follow-up visits from 
patient records and evaluate the demographics, disease course, and 
disease-modifying treatment use. Description on patients’ disability 
was available in a majority of cases. This and the follow-up in case of 
disease-modifying treatment use are almost complete. Medication is 
either payed by hospitals or reimbursed by Finnish Social Insurance 
Institution. Reimbursement is 100% in case of injectable DMTs, 
which were mainly used during the follow-up here. Based on the 
availability of reimbursed treatments and the active follow-up, the 
proportion of treated cases may be regarded reliable.

A special epidemiological feature in Finland observed already in 
1970s concerns the regionally high MS prevalence in coastal parts 
of Western and South-Western Finland.26 The difference between 
South-Western and Eastern Districts shown already in 1970s26 pre-
vailed in a study in 2016, where a 5-year follow-up from 2012 to 
2016 showed age-standardized rates 280/105 (95% CI 264-296) 
and 168/105 (95% CI 148-190), respectively.7 Difference between 

coastal and inland districts was shown to prevail also in our data. 
These results point at regional high MS risk in the western coast 
of Finland. The rates in a large region in Western Finland as shown 
here in 2010 corroborate the concurrent rates in other Scandinavian 
countries, such as the nationwide prevalence 188.9/105 reported in 
2008 in Sweden,27 crude nationwide prevalence 208/105 in 2013 in 
Norway,28 154.5 /105 in 2005 in Denmark,29 and 167.1/105 in 2007 
in Iceland.30 Although no exact nationwide prevalence estimation 
exists in Finland, results here and in a recent report based on a na-
tional register information point at a globally high nationwide preva-
lence of 180-200/105.8

Early observations in geographical variation in MS occurrence, 
such as has been observed in Finland and scandinavian countries, 
suggest that local environmental risk factors could be related to di-
etary and life style factors.31,32

5  | CONCLUSION

We report a high and increased MS prevalence from 2000 to 2010 
in Western Finland in concordance with recent prevalence data 
concerning Finland and other high-risk areas. A majority of cases in 
2010 showed a relapsing-remitting onset course and a mild disabil-
ity. Moderate-to-severe disability was high in older age-groups and 
in PPMS. Variable occupational and healthcare needs in MS popula-
tion are expected to increase, and this should be considered in social 
and healthcare resource planning.33
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A B S T R A C T

Background: Survival in MS has increased during the era of disease modifying therapies, but life expectancy in
MS patients is still reduced by several years. Increased risk for common comorbidities related to brain health,
such as risk for circulatory diseases have been reported in MS and could affect survival. In this paper, we studied
age- and gender adjusted risks for circulatory diseases and related disorders, and their impact on overall MS
survival in population of Southwest Finland.
Materials and methods: The ICD-10 codes for hospital visits were searched from the administrative data pool from
1.1.2004 up to 31.12.2012 for the resident MS and control cases at the Hospital District of Southwest Finland.
The MS population under study consisted of prevalent cases in 1.1.2004 and new cases from 1.1.2004 followed
up to death or 31.12.2012. Patient documents were scrutinized to confirm the MS diagnosis (G 35) by the
McDonald´s criteria and to confirm the diagnoses and causes of death for the cerebro- and cardiovascular di-
agnoses under study. The randomly chosen 10-fold control population was matched by birth year and gender to
calculate the coincident risks (odds ratio, OR) with 95% confidence intervals (95% CI) and another separate
control population from the same patient pool was used to verify the stability of the results. P-values were
calculated using Pearson's χ2 test. The Kaplan- Meier analysis log rank test was applied to study survival.
Results: During the follow-up 1074 confirmed MS cases were treated in the hospital district, including the de-
ceased cases after 1.1.2004 (5.9%). The probability of survival was 82.4 years among MS and 85.6 years among
the control cases, log rank p< 0.001. The survival disadvantage within MS was associated with comorbidity for
circulatory disease codes in ICD −10: I06-I71, log rank p<0.001. The specific risk for ischemic and haemor-
rhagic stroke was significant with high OR of 1.49 (95% CI 1.03- 2.35) and 2.5 (1.24–5.06) respectively. The
two-fold risk for type 1 diabetes in MS was significant, OR 2.1 (1.3–3.36). The main causes of death among the
MS cases were infections and the coincident high risk for several infections was significant. There was no dif-
ference in the risk for acute myocardial infarct, transient ischemic attack, atrial fibrillation, hypertension, or
obesity in comparison with the control cases.
Conclusions: Given the high risk for stroke in this MS population and the observed complexity among the co-
incident common risk factors for circulatory diseases, the high risk for type 1 diabetes and common infections
raise a need to recognize patients at risk with these conditions and with the other known risk factors such as
metabolic syndrome and smoking. The survival disadvantage related to circulatory diseases observed in general
population is true also in MS and should be recognized to reduce the burden of disease and premature mortality
in MS.

1. Introduction

Multiple sclerosis (MS) is a progressive autoimmune disease causing
disability and premature mortality. Pathologically MS is characterized
by inflammation, demyelination and neurodegeneration in the central

nervous system (CNS) Hauser and Goodwin (2008).Other mechanisms
in CNS include changes in vascular perfusion, activation of microglia
and intracerebral vascular changes like blood-brain barrier leakage
(Cramer et al., 2013; Wuerfel et al., 2007).

Autoimmune disorders, infections and circulatory diseases are
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common in MS population (Montgomery et al., 2013; Christiansen
et al., 2010; Berkovich et al., 2011). Several disorders in these disease
groups affect brain and the nervous system in MS, such as cardio- and
cerebrovascular diseases, hypertension and diabetes Marrie et al.
(2015a).

There is a risk for premature mortality in MS (Sumelahti et al.,
2010; Kingwell et al., 2012) and the major cause of death are infections.
It is increasingly recognized that the common causes of death observed
in general population are present also in MS, such as cardiovascular
causes and stroke (Sumelahti et al., 2010; Kingwell et al., 2012; Krökki
et al., 2014; Bronnum-Hansen et al., 2004). At the same time findings
regarding the prevalence of several vascular comorbidities in MS are
conflicting (Marrie et al., 2015b). An almost two-fold increased risk for
cerebrovascular comorbidity and a significant risk for cardiovascular
comorbidity after MS onset has been recently reported (Thormann
et al., 2016). This observation has raised a question of converging
causal pathways of the coexisting diseases and a need to study the ef-
fects in a broader spectrum of comorbidities in MS. Vascular aspects in
MS are thus recognized and the reported risk may be explained on basis
of the inflammatory and vascular mechanisms present in both MS and
circulatory diseases, in addition to suspected effect of shared genetic
and life-style risk factors. (D'haeseleer et al., 2011; Wang et al., 2016)

Our study bases on these observations and hypotheses. We studied
the age- and gender adjusted risk for circulatory diseases in an MS
population diagnosed and followed-up in a large university hospital
district in Southwest Finland. We focused on ischemic cerebro- and
cardiovascular diseases and related disorders, diabetes and acute and
chronic infections. An established public health care system and po-
pulation registers in Finland form a reliable basis in our survey. By
access to administrative and patient specific data from the Hospital
District of Southwest Finland we studied the coincident risk and sur-
vival effect for circulatory diseases and related comorbidities in MS, to
assess the need of preventive actions and practical treatment strategies.

2. Materials and methods

This study was registered and approved by the Turku Clinical
Research Center, Finland. Ethical committee approval was obtained
from the joint Ethics Committee of the Tampere University and
Pirkanmaa Hospital District, Finland.

For data mining, we used the administrative Clinical Data
Repository of the University Hospital of Turku containing electronic
health records at the Hospital District of Southwest Finland. These are
collected directly and retrospectively monthly from the operational
patient data systems from the central and university hospitals of the
region by using ICD-10 codes (International Statistical Classification of
Diseases and Related Health Problems 10th Revision (ICD-10)-WHO
Version for 2016) from 1.1.2004 to 31.12.2012.

All resident cases with MS (ICD-10 code G35) were included. The
catchment of data concerned both alive and deceased MS patients fol-
lowed from 1.1.2004. Case ascertainment followed the initial data
mining by scrutiny of each patient document by author K.H. to meet the
study inclusion criteria of definite MS by McDonald criteria (Polman
et al., 2011). Patient documents of the confirmed MS cases with diag-
noses for cardiac (acute myocardial infarct I21), ischemic stroke (cer-
ebral infarct, I62) and other vascular diseases of the brain were next
scrutinized by the authors (M-L.S, A.M, M.S-H) for diagnostic ascer-
tainment, including information on paraclinical diagnostics (date and
results of brain CT or MRI scans, ECG and specific laboratory results).
The ICD codes for causes of death among the deceased MS cases were
collected from the patient records.

Comorbidities diagnosed both before and after the date of diagnosis
of definite MS were included in the analysis.

Confirmed MS cases in this nested case control study were gender-
and age matched to controls drawn from the same population cohort. A
10-fold gender- and age (based on birth year) - matched control

population was randomly chosen from the CDR patient pool and an-
other separate age- and gender-matched 10-fold control population was
used to verify the stability of the results in the district.

All ICD-10 codes for each hospital visit were available for MS and
control cases residing in the catchment area from 1.1.2004 to
31.12.2012. We collected data for ICD codes I06-I71 in Diseases of
Circulatory Disease group, Chapter IX, I00-I71 and for other specific
diagnoses under the study irrespective of time or age at each diagnosis.
Dates of death were available from CDR.

2.1. Statistical analyses

Kaplan-Meier (KM) survival analysis was applied to study the mean
survival times. A separate KM analysis was performed to study the ef-
fect of CD morbidity (I00-I71 codes). Significance was assessed by log-
rank test.

The odds ratios, OR's, were calculated with 95% confidence inter-
vals (95% CI) and p-values were calculated using Pearson's χ2 test. All
statistical tests were two-tailed and p-values less than 0.05 were con-
sidered statistically significant. Statistical analyses were performed
using R Statistics version 3.0.2 with standard packages.

3. Results

A total of 1074 confirmed MS cases, 315 men and 759 women, were
identified in a population of 472 139. The distribution of prevalent
cases in 2004 and new incident cases from 2004 to 2012 by sex and age
at entry is shown in Table 1. The date of entry is the first hospital visit
due to any cause.

During the follow-up death in MS occurred in 5.9% (n 70, 34
women and 36 men). The main cause of death was infections (n 38,
54.3%). Other specific causes in the circulatory diseases group (n 5,
7.1%) were one case of acute myocardial infarct, four cases of ischemic
stroke and one case of subarachnoid haemorrhage. Causes in other
disease groups were respiratory insufficiency (n 6, 8.6%), cancer (n 3,
4.3%) and intoxication (n 2, 2.9%). The rest of the death causes re-
presented other causes of death (n 16, 22.9%).

The mean survival time in MS was 82.4 years compared to 85.6
years in the age and gender matched control population, difference was
statistically significant (KM log rank p<0.001), KM curve shown in
Fig. 1.

The MS prevalence in 31.12.2012 was 212.6 / 105 (95% CI
199.5–225.8), 121.4 (114.5–128.4) for men and 258.3 (247.9–268.6)
for women (Åivo et al., 2016).

The diagnosed concomitant circulatory system diseases in ICD I06-
I71 at any point of disease trajectory including death during the follow-
up in 2004–2012 were included in the second KM analysis shown in

Table 1
Number, mean age and standard deviation (years) at enrollment from 1.1.2004 to
31.12.2012 among the 1074 MS cases (ICD-10 G35) by gender in the Hospital District of
Southwest Finland.

Female Male

Year of
entry

Mean age Std dev Year of
entry

Mean age Std dev Number of
Cases

2004 44.6 12.0 2004 47.7 13.8 111
2005 46.8 13.2 2005 50.3 14.1 53
2006 44.4 12.7 2006 48.2 14.4 34
2007 42.6 14.3 2007 49.2 14.5 26
2008 45.4 15.7 2008 42.7 13.1 33
2009 44.9 17.6 2009 45.1 13.9 18
2010 48.7 14.2 2010 49.1 15.1 14
2011 41.9 14.5 2011 45.9 15.1 16
2012 45.9 18.5 2012 49.6 18.6 10
Total 44.9 13.8 Total 47.5 14.1 315
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Fig. 2. The risk related to circulatory disease diagnoses in MS was
statistically significant, log rank p<0.001: the mean survival time
among MS cases with circulatory diseases was 79.5 years and without
circulatory diseases 85.4 years. Survival among controls was 85.6 years.

The odds ratios (OR) concerning MS and control cases in specific cir-
culatory diseases ICD- groups I06-I71 (n = 340) are shown in the ad-
ditional data.

The number of MS, age- and gender matched control cases and OR's
for specific circulatory diseases diagnoses are presented in Table 2. An
almost 50% greater risk for ischemic cerebral infarct in MS (n 25), OR
1.49 (95% CI 1.03–2.35), was statistically significant. A statistically
significant and over two-fold risk was observed also for other strokes (n
9) including both subarachnoid and intracerebral haemorrhages: OR
2.5 (1.24–5.06). Acute myocardial infarct (n 18, 1.85%) showed no
increased risk in MS, OR was 1.49 (0.91–2.43). Diagnoses with other
cerebrovascular diseases by code I67 (n 9) and sequelae of cere-
brovascular disease I69 (n 18) may overlap the acute stroke diagnoses
why they were assessed separately. Respective OR's were high, 2.5
(1.24–5.06) and 1.73 (1.06–2.83).

Ischemic stroke (cerebral infarct, I63) was confirmed either as a
comorbid diagnosis (n 21) or an immediate cause of death (n 4). Case
ascertainment was based on findings in CT scan or MRI in 92% (23/25
cases), location was mainly parietal in middle artery region (n 11),
posterior (n 6) and subcortical (n 6). Female to male ratio was 0.79 (11/
13 cases). Mean age at cerebral infarct was 69.5 years, median 69 years
(SD 10.58), 71.6/71 years (SD 9.93) for women and 67.86/67.5 years
(SD 11.15) for men (χ2 p = 0.23, statistically nonsignificant). All cases
in I67 (subarachnoid and intracerebral haemorrhage) were radi-
ologically confirmed. Diagnosis of acute myocardial infarct based on
ECG and blood tests.

The number of MS, age- and gender matched control cases and OR's
for common circulatory disease related risk factors are presented in
Table 3. Type 1 diabetes showed a two-fold risk, OR 2.1 (1.3–3.36). A
statistically nonsignificant risk was observed for type 2 diabetes, tran-
sient ischemic attack (TIA), atrial fibrillation, other cardiac arrhythmia,

Fig. 1. Kaplan-Meier survival curve from birth up to end of follow-up or at the point of
death due to any cause for MS and age- and gender matched control cases. MS cases were
enrolled from 1.1.2004 to 31.12.2012 in the Hospital District of Southwest Finland. The
numbers below refer to the number of cases in each group that are still part of the follow-
up at that time and have not experienced an event.

Fig. 2. Kaplan-Meier survival curve for MS cases with and without circulatory disease
diagnosis and for the age- and gender matched controls from birth up to end of follow-up
or at the point of death due to any cause. Cases were enrolled from 1.1.2004 to
31.12.2012 in the Hospital District of Southwest Finland. The numbers below refer to the
number of cases in each group that are still part of the follow-up at that time and have not
experienced an event.

Table 2
The number, percentage and coincident odds ratio (OR) with 95% confidence interval
(CI) for the diagnosed and confirmed cases in acute myocardial infarct, cerebral infarct
and other vascular disease of the brain for MS cases compared to age- and gender mat-
ched control cases from 1.1.2004 to 31.12.2012 in the Hospital Distict of Southwest
Finland.

ICD-10
code

Disease MS (n) % Controls (n) % OR 95% CI

I21 Acute myocardial
infarct

18 1.7 121 1.1 1.49 0.91–2.43

I63 Cerebral infarct 25 2.3 161 1.5 1.55 1.03–2.35
I67 Other vascular

disease of the
brain

9 0.8 36 0.3 2.50 1.24–5.06

Table 3
The number, percentage and coincident odds ratio (OR) with 95% confidence interval
(CI) for the common circulatory diseases diagnosed in hospitals for MS cases compared to
age- and gender matched control cases from 1.1.2004 to 31.12.2012 in the Hospital
Distict of Southwest Finland.

ICD-10
code

Disease MS % Controls % OR 95% CI

G45 TIA 12 1.1 136 1.3 0.88 0.49–1.59
I48 Atrial or fibrillation or

flutter
18 1.7 350 3.3 0.51 0.33–0.81

I49 Other cardiac
arrythmia

18 1.7 189 1.8 0.95 0.59–1.54

I10 Essential hypertension 93 8.7 1034 9.6 0.90 0.74–1.10
I70 Atherosclerosis 12 1.1 102 1.0 1.18 0.65–2.13
E10 Type I diabetes

mellitus
20 1.9 95 0.9 2.11 1.32–3.36

E11 Type II diabetes
mellitus

39 3.6 391 3.6 1.00 0.72–1.38

E78 Hyperlipidemia 17 1.2 336 3.1 0.51 0.32–0.81
E66 Obesity 21 2.0 328 3.1 0.64 0.42–0.99
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hypertension, hyperlipidaemia and obesity in MS.
The number of MS, age- and gender matched control cases and OR's

for a number of acute and chronic infections are presented in Table 4.
with detailed results. The coincident risk for the hospital treated in-
fections showed an increased risk for urinary, respiratory and period-
ontal infections in MS.

4. Discussion

The lower mean survival time of 82.4 years in MS compared to 85.6
years in the control population was statistically significant. However,
life expectancy was reduced much less than in earlier studies showing
6–7 years shorter life expectancy in MS (Sumelahti et al., 2010;
Kingwell et al., 2012; Lunde et al., 2017). This supports improved
survival in patient cohorts from the era of disease modifying therapies
and is in line with the recent study from Norway showing a near normal
standardised mortality ratio in the patient cohort monitored from 1997
to 2012 (Lunde et al., 2017).

The high mortality of cerebrovascular diseases in the Finnish gen-
eral population (Causes of death, 2012) was here shown to concern also
the MS population. Result supports the Danish study (Christiansen
et al., 2010) and corroborates survival disadvantage reported for cer-
ebrovascular diseases among MS patients (Krökki et al., 2014;
Bronnum-Hansen et al., 2004; Marrie et al., 2015b; Thormann et al.,
2016). Survival disadvantage related to circulatory disease comorbidity
was significant in our study. The mean survival time was lower for MS
cases with any circulatory diseases related diagnosis in ICD-10 I06-I71
group, 79.5 years, in comparison with the 85.4 years in MS patients
without it. The specific risk for the common risk factors for these dis-
eases, such as hypertension, hyperlipidaemia or cardiac disorders and
arrhythmias, were low also in our MS population (Marrie et al., 2012)
along with other risk factors for ischemic stroke, except for type 1
diabetes.

MS patients were followed up during a 9-year period in 2004–2012.
The catchment area in the Hospital District of Southwest Finland re-
presents a high-risk region of MS, where prevalence was 212/105 in
2012 Åivo et al. (2016). MS cohort originated from an administrative
database and after confirmation of MS diagnosis 9.6% of cases were
excluded, which amount is similar to other reports using administrative
catchment (Christiansen et al., 2010; Marrie et al., 2012). Patient re-
cords were examined for confirmation of MS, ischemic brain and
myocardial infarcts and for causes of death, why we believe to have
reliable data for the statistical assessment concerning these diagnoses.
The diagnosis of type 1 diabetes was considered reliable in this popu-
lation due to regular hospital controls.

Strength of our study is the public health care system, where health
care is available for all Finnish citizen and an equal treatment practice

is followed. The national and hospital registers in Finland base on
personalized identification code and are regarded reliable. The ad-
ministrative health registry covers almost the entire population of the
study region and provides objective data avoiding bias related to pa-
tient recall. MS is diagnosed and treated by neurologist in central and
university hospitals why we believe to have a representative sample of
MS patients from a large hospital district. A 10-fold sample of the
general non-MS population ensure that study observations reflect gen-
eral patterns of co-occurrence of health problems among MS patients,
which may not be accurate in small clinical samples, due to sampling,
or referral biases.

We observed an increased risk for circulatory diseases in MS po-
pulation as compared to age- and sex matched control population
during the follow-up. Evidence that autoimmunity may play an essen-
tial role in the pathogenesis of atherosclerosis (Matsuura et al., 2014) is
supported by reports on increased risk for cerebro- and cardiovascular
disorders in several immune-mediated diseases, such as MS (Capkun
et al., 2015), rheumatoid arthritis (Nurmohamed, Dec et al., 2015;
Meissner et al., 2017) and type 1 diabetes (O'Donnell et al., 2016).
These results suggest that these inflammatory diseases may share pa-
thological links with cerebrovascular diseases. However, although in-
flammation is shown to contribute to stroke risk (Dregan et al., 2017),
other typical risk factors may be absent in MS (O'Donnell et al., 2016;
Wens et al., 2013). This view was supported by observations in our
data, as other common cerebrovascular risk factors, such as TIA, atrial
fibrillation and other arrhythmias, showed no increased risk, nor was
there any risk for secondary hypertension, hyperlipidaemia or obesity.
Result differs from observations in rheumatoid arthritis and type 1
diabetes populations, where several common risk factors exist, but
corroborates observations in other MS populations where prevalence of
diabetes, hypertension, and hyperlipidaemia have been similar to rates
in general population Marrie et al. (2012).

Given the observation of increased risk for stroke, which is diag-
nosed in hospital, and the low comorbidity for some of the most
common vascular disease risk factors, our results are discordant but in
accordance with other studies Marrie et al. (2012). Limitation in our
study population however concerns the catchment of these risk diag-
noses from the tertiary care hospital data, as most of these conditions
are recognized and treated mainly in the primary care. It also remains
unknown to what content the observed circulatory disease risk is re-
lated to metabolic syndrome in MS, a question which has remained
open also in other studies addressing this relation and the increased risk
of obesity or changes in body composition, hypertension, dyslipidaemia
or type II diabetes in MS (Wens et al., 2013). Although administrative
data are considered a valid means of tracking diabetes, hypertension,
and hyperlipidaemia in MS (Wens et al., 2013) the so far inconclusive
results from hospital data regarding common circulatory disease risk

Table 4
The number, percentage and coincident odds ratio (OR) with 95% confidence interval (CI) for common acute and chronic infections diagnosed in hospital for MS cases compared to age-
and gender matched control cases from 1.1.2004 to 31.12.2012 in the Hospital Distict of Southwest Finland.

ICD −10 code Disease MS (n) % Controls (n) % OR 95% CI

N10 Acute pyelonephritis 88 8.2 116 1.1 7.59 6.01–9.57
J22 Unspecified acute lower respiratory infection 7 0.7 10 0.1 7.0 3.06–16.03
N30 Cystitis 81 7.5 116 1.1 6.98 5.48–8.89
J41 Simple and mucopurulent chronic bronchitis 4 0.4 7 0.1 5.71 1.93–16.92
A41 Other sepsis 29 2.7 62 0.6 4.68 3.14–6.97
J18 Pneumonia, unspecified organism 100 9.3 297 2.8 3.37 2.73–4.15
K02 Dental caries 25 2.3 90 0.8 2.78 1.82–4.24
J20 Acute bronchitis 25 2.3 102 0.95 2.45 1.61–3.73
K05 Gingivitis and periodontal diseases 23 2.1 101 0.94 2.28 1.47–3.53
A04 Other bacterial intestinal infections 14 1.3 62 0.6 2.26 1.29–3.96
K08 Other disorders of teeth and supporting structures 18 1.7 86 0.8 2.09 1.28–3.43
L02 Cutaneous abscess, furuncle and carbuncle 15 1.4 77 0.7 1.95 1.13–3.35
A09 Infectious gastroenteritis and colitis, unspecified 29 2.7 164 1.5 1.77 1.20–2.60
J06 Acute upper respiratory infections of multiple and unspecified sites 41 3.8 237 2.2 1.73 1.25–2.39
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factors in MS as shown here could be elaborated by linkage to other
databases and primary care data.

Respiratory infections were the major cause of death and the high
rates of acute and chronic respiratory, urinary and periodontal infec-
tions were present also in our MS cohort (Sumelahti et al., 2010;
Bronnum-Hansen et al., 2004; Sheu and Lin, 2013). Acute and chronic
infectious diseases are related to risk of stroke (Lindsberg and Grau,
2003) and infections may be a specific risk factor in MS population.
There is a connection between the immunological and vascular factors
(Caprio et al., 2016), which supports the suggested hypothesis on the
shared inflammatory mechanisms in MS and ischemic stroke (Claudio
et al., 1995). The control of inflammation and infections appear as
important modifiable factors in MS related circulatory disease risk.
Evidence from observational studies shows that vaccination against
influenza is associated with a reduced risk of stroke, myocardial in-
farction and all-cause mortality Urbanek et al. (2010). The preventive
seasonal and H1N1 vaccines are safe and efficacious also among MS
patients, nor is there any reduced response to vaccination against in-
fluenza associated to majority of immunomodulatory drugs used in MS
Auriel et al. (2012).

The independent coincident relative risk for type 1 diabetes in our
MS population was high and corroborates results in other studies
(Fromont et al., 2013). In Finland, the incidence of both type 1 diabetes
and MS are high (Karvonen et al., 2000). The autoimmune pathogenesis
of MS and type 1 diabetes (Berkovich et al., 2011) as well as socio-
economic, environmental and latitude correlated factors may con-
tribute to the predisposition of these immune-mediated diseases. The
global and steep increase in both type 1 and 2 diabetes (World Health
Organisation, 2016) and MS incidences recorded in the last half of the
1990's may be a serious signal of unhealthy changes in the environment
and life style. These may affect the penetrance of disease susceptibility
genes in autoimmune diseases and may also be involved in the high
circulatory disease risk observed in MS and type 1 diabetes in Finland.
The modifiable risk factors in type 1 diabetes, MS and circulatory dis-
eases include childhood obesity and smoking Ponsonby et al. (2013).

MS patients today expect a longer survival. The long disease tra-
jectory combines an increased risk for comorbidities common in the
general population, as shown here for ischemic stroke risk along with
other studies. Consistent with other reports, limitation for information
regarding circulatory disease mortality related life-style factors here
concerns the lack of socioeconomic and lifestyle information in MS
cohorts. At the moment, we have no information on the changes in
occupational status, medication, weight, serum lipid status or on in-
dividual lifestyle factors such as smoking, dietary habits, physical ac-
tivity or health behaviour in general, but evidence on accumulating
comorbidity risk in MS supports the importance of dealing with these
factors. Life style interventions are justifiable as the key findings in
comorbidity studies in MS have been association of life-style related
type 2 diabetes, hypertension, dyslipidaemia or peripheral vascular
disease at any point in the disease course with a greater progression in
disability Marrie et al. (2012). These factors may add to complex risk
for circulatory diseases in MS and have implications for prevention and
treatment in the recognized risk groups. Disadvantages in adminis-
trative databases such as ours include the lack of structured data on life
style factors. We expect to expand the information in our databases in
the future with the application of text mining tools to patient reports
and linkage to other governmental health registries such as the medi-
cation reimbursement registry of social insurance institution of Finland.

The immortal time bias is a limitation for inferences in cohort and
case-control study designs, however a nested case-control analysis as
chosen here, and matching by age and sex, may be much less suscep-
tible to selection bias than the other approaches since controls are
known to represent the source population that gave rise to the cases and
the analysis can include all the cases from the source population
Lévesque et al. (2010). This analytical technique has not only been
shown to provide an unbiased estimate of the hazard ratio that would

be obtained from a traditional time to event analysis of the full cohort
(Liddell et al., 1977; Breslow and Day, 1987; Suissa, 2005) and its in-
herent time dependent nature means that it is also free of immortal time
bias.

In conclusion, the overall survival advantage in MS was related to
lack of circulatory disease diagnoses at any point during the follow-up.
Further knowledge on influences of comorbidities on the course and
outcome of MS is important for better clinical care and optimized life
style interventions in the individual patients.
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A B S T R A C T   

Background: Mortality risk and causes of death have been widely studied in MS. Surveys on conditions related to 
approaching death have not been conducted before in Finland. 
Objective: Our aim was to sort out the possible needs for end of life (EOL) care in MS by examining causes, place 
of death and level of hospitalization by age and MS related disability before approaching death. 
Materials: Data included information for MS patients diagnosed from 1981 to 2010 in a Finnish university 
hospital district. Information on place and causes of death and care prior to death was based on death certificates 
from Statistics Finland. Decedents initial disease course, disease modifying treatment (DMT) use and MS related 
disability status by using EDSS were achieved from hospital records. 
Results: Data included 113 decedents. Level of disability showed EDSS 6.0 or higher in 54% of the patients. In 
relapsing onset MS (N 93, 80%) DMTs were used in 11%. Infections, respiratory or other, were the main im-
mediate cause of death (51.3%, n 58) among cases with varying disability. Central or university hospital (42.5%) 
or community hospital ward (28.3%) were places of death in majority of cases and nursing home (13.3%), home 
(9.7%) or hospice (3.7%) less often. Place of death did not significantly differ between age-groups (Chi square p 
= 0.86). Mean age at death was 57 years (range 28–90, SD 13.86). Cardiovascular causes of death were reported 
mainly in age group 60 years or more and suicide in age group younger than 50 years. 
Conclusion: The level of hospitalization was high at end of life in all age-groups. High MS related disability and 
immobility among decedents likely relates to infections as the most common cause of death. Along with our and 
earlier surveys in this field, we showed that places of death and level of disability before death share similarities 
in both younger and older age groups highlighting the need of palliative care and end of life care plans in all MS 
patients with triggers of poor survival. The recently published consensus definition featuring palliative care 
guideline in MS is aimed at improving end of life care in MS. Our results point at need for future studies in order 
to assess the impact of palliative care treatment guidelines in MS.   

1. Introduction 

Multiple sclerosis (MS) is a chronic neurological disease of the cen-
tral nervous system, starting in early adulthood and affecting 2.3 million 
people worldwide. Initial disease course is relapsing-remitting (RRMS) 
in a majority of cases (Scalfari et al., 2014). 

At its later stage MS may show a progressive and debilitating course 
(Leray et al., 2010), accompanied by heterogenous neurological symp-
toms of varying severity, that cause decrease in quality of life (Kobelt 
et al., 2006; Ruutiainen et al., 2016), early retirement (Pfleger et al., 

2010) and higher mortality ratios as compared to general population 
(Brønnum-Hansen et al., 2004; Hirst et al., 2008; Lunde et al., 2017; 
Smestad et al., 2009; Sumelahti et al., 2010). Surveys point that there is 
an increased risk of infection-related hospitalizations (Pirttisalo et al., 
2020) and infection related mortality in MS (Lalmohamed et al., 2012; 
Montgomery et al., 2013; Nelson et al., 2015). 

There is increasing understanding on circumstances and complex 
patterns that contribute to death due to MS (Harding et al., 2020). Also, 
the complex conditions related to advanced disability and immobility 
(Harding et al., 2020) point at need for individual advanced care 
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planning in MS (Davies et al., 2016; Sleeman et al., 2013; Strupp et al., 
2014). The recently published guidelines for palliative care (PC) of 
people with severe, progressive multiple sclerosis and studies up to 2017 
present evidence-based recommendations for several MS related symp-
toms (Solari et al., 2020). However, publications or trials are lacking for 
recommendations in several common symptoms, for example respira-
tory or swallowing difficulties. 

In this study we aim to study the reported conditions related to 
approaching death in MS by using data from death certificates and 
hospital patient records among deceased cases in MS cohort diagnosed 
from 1981 to 2010 at the university health care district Pirkanmaa in 
Western Finland. We aim to study the immediate and other causes of 
death by age and MS related disability level in relation to patientś need 
for end of life hospital care and place of death. 

2. Material and methods 

2.1. Data collection 

This is a retrospective observational study including confirmed MS 
patients from 1.1.1981 to 31.12.2010 with a death certificate at Uni-
versity Hospital District of Tampere in Pirkanmaa. The end of follow-up 
is 31.12.2010. The examination of identified patient records at hospitals 
and the linkage to Statistics Finland and the Population Register Centre’s 
Population Information System for deaths were approved by The Na-
tional Institute for Health and Welfare and The Ethics Committee of the 
Tampere University Hospital District. 

Data in this study includes deceased incident MS cases, a detailed 
description of the catchment population is reported earlier (Holmberg 
et al., 2013). Cases with ICD-code of multiple sclerosis (codes 340, 341, 
377, G35 in the International Classification of Disease, versions 8 to 10) 
from January 1, 1981, to December 31, 2010, were first identified from 
administrative registries in hospitals belonging to the University Hos-
pital district of Tampere in Pirkanmaa. Patients who fulfilled the criteria 
of definite MS at the timepoint of diagnosis were included (McDonald 
et al., 2001; Polman et al., 2005; Poser et al., 1983). 

All included cases had a confirmed MS diagnosis and a Finnish death 
certificate. If a patient had visited other neurologist in Finland or 
abroad, information on this was detectable in the patient record. We 
were able to control for patient information available from all hospitals 
in the catchment area based on personal identification code of cases. 

Linkage of the MS cohort to the Statistics Finland death database 
from 1 January 1981 until 31 December 2010 was done automatically 
by using the patient’s personal identity code as the key. All residents of 
Finland have since 1 January 1967 had this unique personal identity 
code. This code is used in all main registers in Finland and allows reli-
able computerized record linkages. 

2.2. Death certificate process in finland 

Any health care unit or licensed physician must immediately report 
any decease and causes of death to Population Register centre of Finland 
and National Institute for Health and Welfare, where reports are sent 
onwards to Statistics Finland. This certificate is on paper form up to 
2014 and electronic from 2015. Approximately 80% of all death cer-
tificates are issued by the attending physician. A forensic autopsy is 
performed in 20% of the cases (Korpisaari, 2016). 

Statistics Finland maintains Finnish residents’ death certificate ar-
chives from where death certificate data or copies of death certificates 
are released for purposes defined by law. Since 1996, the statistics have 
been compiled based on the 10th revision of the International Classifi-
cation of Diseases (ICD-10). Between 1987 and 1995, the data were 
classified using the national classification of diseases 1987 and from 
1969 to 1986, the international classification ICD-8 was in use. 

Death certificate contains data of the deceased, including sex, age, 
timepoint and causes of death by immediate, intermediate, and 

underlying causes, other notable diseases, injuries and contributing 
factors to death, manner, and place of death. The medical case history 
during the EOL is reported in these certificates in a form of epicrisis. 

2.3. Methods 

Death certificates (N 113 in paper form) were scrutinized by authors 
(AM, MLS). For purposes in this study information was included for the 
timepoint, place and causes of death by immediate, intermediate, and 
underlying causes. Data from epicrisis was collected for the final insti-
tution of care, disability, contributing diseases and treatments at end of 
life. 

Hospital records were scrutinized (AM, MLS) to collect demographic 
information for birth year, initial disease course (relapsing-remitting, 
RRMS or primary progressive, PPMS) (Lublin et al., 2014), MS duration 
from diagnosis, any exposure to disease modifying treatments (DMT) 
and last assessment of disability. Disability status at last evaluation was 
based on given Expanded Disability Status Scale (EDSS) value (Kurtzke, 
1983) or description of disability in patient document based on status 
signs, patient reported symptoms and symptomatic treatment shown in 
the patient record. Disability categorization into mild, moderate, or 
severe was used in a similar manner than in our previous prevalence 
study (Murtonen and Sumelahti, 2020). In case there was no description 
of handicap at any central nervous system level or any symptoms that 
needed treatment or rehabilitation, or when the described symptoms 
and signs could be graded as mild, we categorized patient into a mild 
disability group, corresponding to EDSS grades < 3.0. Categorization to 
moderate disability group concerned cases with a reported handicap in 
several functions, corresponding EDSS grades 3.0–5.5. Severe disability 
group here included cases with a significant handicap, constant bilateral 
support required to walk 20 m without resting, corresponding EDSS 6.0 
or greater (Solari et al., 2020). 

2.3.1. Statistical methods 
Statistical analyses were conducted with SPSS version 26. Descrip-

tive statistics, distributions and appropriate tests for significance were 
used: T-tests to compare two independent groups with a single variable 
and Chi-Square when there were several categories. 

3. Results 

During the 30-year follow-up from 1981 to 2010 among 684 
confirmed MS cases from the catchment area, a total of 113 cases with 
death records were scrutinized. Mean age at MS onset was 36.2 years 
(min 15, max 62, SD 11.2). Mean age at death was 57.4 years (min 28, 
max 90, SD 13.86). Women (N 63) were slightly older at death, mean 59 
years, than men (N 50) 57 years, difference was not significant (T-test p 
= 0.244). Initial disease course was RRMS in 90 (79.6%) and PPMS in 23 
(20.4%) cases. Half of the mortality cohort were working aged and re-
ported a marital status, while half were single, divorced or widows. 
Majority had children. 

Distribution of immediate causes and places of death in three age- 
groups are shown in Table 1. As immediate cause of death MS was 
recorded in 13 (11.5%) cases. Infections were recorded in a majority of 
58 (51.3%) cases. Infections were mainly respiratory in 52 cases 
(46.0%), gastrointestinal and urinary infections in 2 (1.8%) and sepsis 
with unknown focus in 4 (3.5%). Cardiovascular causes in 10 cases 
(11%) were mainly seen in the oldest age group (60 years or older) and 
suicide in three cases (2.7%) in the youngest group. Group differences by 
immediate causes of death in age-groups were statistically significant 
(Chi square p = 0.006). 

MS as an underlying cause of death (not shown) was recorded in 65 
death certificates (57.5%). Other underlying causes were infection in 5, 
cancer in 13, vascular cause in 19, gastrointestinal cause, other neuro-
logical disorder, trauma, and suicide altogether in 14 cases. 

Overall, ICD codes for MS were mentioned in 92% of death 
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certificates. MS was not shown for 9/113 (7.96%) decedents, where 
mean age of death was 46.8 years and immediate causes of death were 
accident or suicide (N 3), acute myocardial infarction (N 3), pulmonary 
embolism (N1) and cancer (N1). 

Do Not Resuscitate (DNR) statement was mentioned in 5/113 cases 

(4.4%) in the death certificate. 
The place of death was central or university (42.5%) or community 

hospital ward (28.3%), while nursing home (13.3%), home (9.7%) and 
hospice care (3.7%) represented a minority. No significant difference 
between place of death existed by age-groups (Chi square p = 0.86). 
Place of death by immediate cause of death is shown in Fig. 1. 

Information on the latest hospital recorded disability status at the 
neurological or other clinic before death was compared with informa-
tion available in the death record. Based on this information disability 
before death was mild in 22.1%, (corresponding to EDSS < 3.0, N 25), 
moderate in 18.6% (corresponding EDSS 3.0–5.5, N 21) and severe in 
54% (corresponding EDSS 6.0 or more, N 61). In 5.3% information on 
disability was not available (not classified, NC, N 6). Distribution of 
disability using this classification was similar in the three age-groups 
(<50 years, 50−59 years, 60> years) (Chi-square p = 0.72), by initial 
disease course (RRMS, PPMS) (p = 0.42) and by sex (p = 0.56), showing 
statistically nonsignificant differences. Disability distribution by cause 
of death is shown in Fig. 2 and in by initial disease course in Fig. 3. 

4. Discussion 

In this MS cohort, care of dying patients and deaths took place 
mainly at hospital wards. MS related disability was high among majority 
of decedents and the main immediate cause of death were respiratory 
infections in all age groups. Result in our report supports earlier ob-
servations that MS patients with a severe, progressive disease die in 
hospital rather than at home (Campbell et al., 2010; Lunde et al., 2017) 
and confirms the observation on increased risk of infection-related 
hospitalizations and infection related mortality in MS (Lalmohamed 
et al., 2012; Montgomery et al., 2013; Nelson et al., 2015). Along with 
results in earlier surveys, we showed here that this concerns patients in 
both young age-groups, where end of life care plans are not usually 
necessitated, and also in older age groups, where slow disease progres-
sion may disperse observation of the triggers for palliative care. 

The level of hospitalization was high, as almost half (42.5%) of all 
deaths took place at central or university hospital ward, where the main 
causes of death were respiratory infections. Majority of reported deaths 
in all age-groups during the follow-up took place at any health care 
institutions. Among the four decedents in hospice care, MS and cancer 
were reported as causes of death. Deaths that took place outside health 
care institutions related to acute vascular diseases, suicide, and 
accidents. 

This is the first Finnish survey on characteristics of dying MS patients 

Table 1 
Characteristics in the study cohort.   

Agegroups, n (%)     
0–49 
years 

50–59 
years 

60 and 
over 

Total %       

N (%) 34 
(30.1) 

33 (29.2) 46 
(40.7) 

113  

Mean age at death (SD) 
years 

41.3 
(6.1) 

55.1 
(2.3) 

71.0 
(7.6) 

57.4        

Mean duration of MS 
(SD) years 

10.9 
(5.2) 

15.7 
(7.2) 

21.1 
(8.7) 

16.5 
(8.5)        

Disability (N,%)      
EDSS < 3.0 7 (28) 7 (28) 11 (44) 25 

(100) 
22.1% 

EDSS 3.0–5.5 8 (38.1) 5 (23.8) 8 (38.1) 21 
(100) 

18.6% 

EDSS 6.0 or greater 19 
(31.1) 

18 (29.5) 24 
(39.3) 

61 
(100) 

54.0%       

Immediate cause of 
death (N)      

Infection 16 22 20 58 51.3% 
MS 4 5 4 13 11.5% 
Cardiovascular 2 0 10 12 10.6% 
Cancer 3 2 5 10 8.8% 
Accident 3 0 2 5 4.4% 
Pulmonary embolism 3 2 0 5 4.4% 
Cerebrovascular 0 0 4 4 3.5% 
Gastrointestinal 0 2 0 3 2.7% 
Suicide 3 0 0 3 2.7%       

Place of death (N)      
Central or university 

hospital ward 
17 15 16 48 42.5% 

Community hospital 
ward 

6 14 12 32 28.3% 

Nursing home 1 0 14 15 13.3% 
Home 6 3 2 11 9.7% 
Hospice 2 1 1 4 3.5% 
Other 2 0 1 3 2.7%  

Fig. 1. Place of death by immediate causes of death. Number of cases treated for infections in hospital wards is 49.  
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covering a long follow up for 30 years in a cohort of 113 decedents. 
During the follow up the structure of health care system by large has 
remained unchanged, and facilities are comparable to those in other 
Scandinavian and North European countries. Finland offers its residents 
a universal healthcare, which consists of a highly decentralized three- 
level publicly funded healthcare system and a much smaller private 
sector.  The diagnosis of MS is practically always confirmed in public 
health care neurology clinics, where regular control visits also take 
place. The death certificate procedure has been described earlier in this 
report and it follows the international standards (World Health Orga-
nization, 1979). 

In our data the ICD code for MS was mentioned in 92% of death 
certificates, rate being somewhat higher than reported elsewhere, 
80–90% (Brønnum-Hansen et al., 2004; Cutter et al., 2015; Harding 
et al., 2020). MS as an immediate cause of death was recorded in 11.5% 
of decedents, which was similar to previously reported 9% (Hirst et al., 
2008). As an underlying cause of death MS was mentioned in 57.5% of 

records, being similar or a bit higher than reported previously, 34–56% 
(Brønnum-Hansen et al., 2004; Cutter et al., 2015; Hirst et al., 2008; 
Smestad et al., 2009). 

Mean age at death, 57.4 years, was lower than reported in two pre-
vious studies: 74.5 years (Harding et al., 2020) and 65.3 years (Hirst 
et al., 2008). In our data the mean age of death was lowest (not shown in 
results, 46.8 years) among cases with a missing MS ICD code. High in-
clusion rate of diagnosed cases in this set of data could be among ex-
planations for the observed low mean age of death. However, the 
standardized mortality rate (SMR) of 2.8 reported in several populations 
is true also in Finland (Brønnum-Hansen et al., 2004; Lunde et al., 2017; 
Sumelahti et al., 2010). In line with earlier reports, infections (51.3%) 
were the main cause of death here in our cohort, followed by cardio-
vascular causes (10.6%) (Brønnum-Hansen et al., 2004; Harding et al., 
2020; Hirst et al., 2008; Smestad et al., 2009). 

We believe to have a full coverage of MS cases and their disease 
course in the study district (Holmberg et al., 2013; Murtonen and 

Fig. 2. Distribution of disability before care period prior to death by immediate cause of death.  

Fig. 3. Disability distribution before care period prior to death by disease course.  
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Sumelahti, 2020). The cohort was followed retrospectively from disease 
onset by using hospital records. The earlier reported high MS mortality 
and distribution of causes of death in other Finnish districts (Sumelahti 
et al., 2010) and our present data on causes of death from Pirkanmaa 
district are similar to results in other medium-to high MS risk areas 
(Cutter et al., 2015; Lalmohamed et al., 2012; Lunde et al., 2017; 
Sumelahti et al., 2010), why we believe that our results here are reliable 
for comparisons. 

Exploration of determinants of place of death is important for public 
health policy, which aims at improving the quality of end of life care. 
Our aim here was to assess the characteristics of MS patients 
approaching death, and specify their place of death by healthcare level, 
which is supposed to relate to the complexity of the medical needs as 
well as the skills and specialties of the providers. This information and 
causes of death were based on death certificates and hospital patient 
records and information was sorted out to evaluate the possible needs 
and unmet needs for end of life care in MS. Much of the information for 
the purposes in this study was available from these sources (Davies et al., 
2016). The domains for specific symptoms at advanced stages of MS, or 
information on patientś living conditions, changes in social or working 
status and need for medical care and support, along with differences in 
caregiver roles were not available from the sources used in this study. In 
our hospital record data, the specific MS symptoms such as fatique, 
cognitive symptoms, pain, spasticity, bladder symptoms, dysphagia, 
dyspnea or other respiratory symptoms prior to the dying phase, were 
randomly reported. During the care period prior to death recordings of 
recurrent infections, aspiration pneumonia and description for respira-
tory insufficiency were found in the epicrisis in the death certificate. 
However, the specific triggers in order to evaluate the applicable 
healthcare level for patients approaching death were randomly reported 
in hospital records, and information is thus deficient for research pur-
poses. We also lacked some information on patientś sociodemographic 
status. This information in some studies has shown to be associated with 
cause and place of death, and includes factors such as age and marital 
status, and degree of urbanization and healthcare system, while social 
status plays lesser role (Gomes and Higginson, 2006; Houttekier et al., 
2011). 

Use of more structured information is thus needed in future studies. 
In addition, national registers in Finland, such as the Care Register for 
Healthcare informing about hospital admissions, National Health In-
surance registry providing information on retirement, rehabilitation and 
other health related support and data from Finnish MS patient Register 
will be useful sources in future register-based studies. 

This research is subject to several limitations mentioned above, such 
as lack of detailed information on specific symptoms and need of care. 
However, despite these shortcomings, disability status and information 
on ambulation were described in majority of hospital records and death 
certificates. Although information on disability or the EDSS score offer a 
limited description on need of care, increased disability seems to be a 
solid indicator for a permanently advanced disability and immobility in 
MS. In our cohort over half of decedents showed a severe disability 
before death up to end of follow-up in 2010, while mild and moderate 
disability were shown in the rest of the cases. As no uniform definition 
for progressive, severe MS exists, we used the definition used in EAN 
guideline, where severe MS was assessed when a constant bilateral 
support required to walk 20 m without resting corresponding to EDSS>

6.0 or higher (Solari et al., 2020). This classification has been used 
earlier also in the prevalence study in Western Finland in 2010, 
including the catchment area in this study (Murtonen and Sumelahti, 
2020). The disability status was moderate or severe among almost half 
of the prevalent cases, where mean age was 50.2 years. Such information 
on disability from prevalence cohorts could be useful for future health 
care planning (Murtonen and Sumelahti, 2020). 

In our data severe disability was observed in both RRMS and PPMS, 
nor were there differences by immediate causes of death or place of 
death by disease course. The severe disability in 44% in RRMS is 

explained by development of secondary progressive course, generally 
shown in 40% after 15 years in relapsing–remitting disease (Scalfari 
et al., 2014). The DMT effect may be considered minor as only 11% 
among deceased RRMS patients had used DMTs. It may be expected that 
increasing use of available immunomodulatory treatments, such as 
DMTs, may suppress inflammation, prolong patients’ performance and 
time to retirement (Heinonen et al., 2020) but it is unknown how these 
effects are reflected over the entire disease trajectory. Considering the 
high number of aging treatment naïve MS patients in many current MS 
cohorts, the awareness of risk factors and progressive symptoms in all 
disease course groups remains important. Information on the common 
risk factors may be derived from the earlier reported causes of death in 
progressive MS, which include infections, such as aspiration pneumonia 
or urinary tract infections, and complications of falls and fractures, and 
sepsis secondary to pressure ulcers (Hirst et al., 2008; Sumelahti et al., 
2010). 

A good proportion of decedents in our cohort had died in hospital 
settings in spite of a progressed disability which raises the question of 
unplanned hospitalizations (Seeber et al., 2019; Veronese et al., 2017). 
At present we do not know how MS patients engage in the process of 
decision-making, but it is suspected that also in our cohort there is a 
need for increasing awareness of advance care planning (ACP), sup-
ported by reported benefits and the generally low use in neurological 
diseases (Higginson et al., 2009; Hussain et al., 2018; Seeber et al., 
2019). In recent studies contexts and mechanisms underpinning 
engagement in ACP have been identified in MS, indicating the crucial 
role of health care professionals and communication throughout the 
whole course of progressive disease (Seeber et al., 2019; Solari et al., 
2018; Veronese et al., 2017). Similar to benefits in ACP, early referral to 
PC has shown advantages such as better pain management, quality of 
life, less aggressive EOL care and reduced late-life acute-hospital use 
(Qureshi et al., 2019; Rosenwax et al., 2015; Spilsbury et al., 2017). PC is 
a fairly new concept in MS (Solari et al., 2020; Strupp et al., 2016, 2014). 
The qualifications have only recently been assessed in 2016 by Strupp J 
et al. (Strupp et al., 2016) indicating benefits in severe MS (Higginson 
et al., 2009). General triggers for need of PC relate to common symptoms 
in progressing MS such as deteriorating physical function, weight loss, 
dysphagia and recurrent infections and aspiration pneumonia (Hussain 
et al., 2018). Effectiveness of PC among late stage MS patients is ex-
pected to be similar than in other neurological diseases (Strupp et al., 
2014). In 2014 the Delphi study group reached consensus that special-
ized PC in MS should begin once the disease has progressed up to EDSS >
6 and nursing care required, and a specialized PC should be consulted 
when the need exists for communication about disease progression, 
psychological support, relatives support and pain medication (Strupp 
et al., 2014). This common lack of integration of PC in EOL may call for a 
need for standardized referral criteria (Ahmed et al., 2004) and a more 
widespread empowerment (Westerlund et al., 2018). 

4.1. Limitations 

As discussed above, this study is subject to several limitations. 
Detailed information concerning symptoms, all medications and need of 
care during the days prior to death is lacking in hospital patient records 
or death certificates. Similarly, information on living conditions, social 
status, or specific triggers to evaluate the appropriate place of care for 
patients approaching death were not available or reported randomly. 
Same is true for detailed information about MS-symptoms and disability 
among those decedents, whose MS was progressed and were mainly 
treated in primary health care. Information of possible DNR-statement 
may as well be lacking from our sources of information. However, in 
majority of cases there was enough information to categorize the 
disability into one of the three EDSS-classes discussed above. 
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5. Conclusions 

High disability, hospital deaths and infections were common char-
acteristics of the dying MS patients in all age groups in this cohort. Our 
results thus reflect the need for better integration of advanced care 
planning on the comprehensive care of MS patients showing severe 
disease progression. Our results also point need for future studies in 
order to assess the impact of palliative care treatment guidelines in MS 
(Strupp et al., 2016). 
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