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To Paul 
 

 

 

                                                                      Caminante, son tus huellas 
                                                                      el camino y nada más; 
                                                                      caminante, no hay camino, 
                                                                      se hace camino al andar. 
 
                                                                      Al andar se hace camino 
                                                                      y al volver la vista atrás 
                                                                      se ve la senda que nunca 
                                                                      se ha de volver a pisar. 
 
                                                                      Caminante no hay camino 
                                                                      sino estelas en la mar… 
                                                                        

                                                                          Antonio Machado 
                                                                           - Spanish poet - 
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Introduction  

I have my roots in Asturias, nearby Galicia in northwestern Spain, where I moved as a 
resident in neurology. Later, I joined the MS Unit in Bellvitge, Catalonia, not far from 
the Alt Empordà. From there I moved to southern Sweden and my MS work traveled 
with me and continued in Malmö. This thesis offers a similar journey in reverse. 

Preface 

Multiple sclerosis (MS) is a chronic, inflammatory, demyelinating, and 
neurodegenerative disease of the central nervous system (CNS). The cause has not yet 
been established, but the current view is that the disease is a consequence of a complex 
interplay between genetic and environmental factors (1). It is significantly more 
common in women, a pattern that has been increasing over time with the female to 
male ratio now being close to 3:1 in most developed countries (2). MS most commonly 
begins in early adulthood and, excluding trauma, is the most common cause of 
permanent disability among young adults. Most patients initially follow a relapsing-
remitting course (RRMS), defined by reversible episodes of neurological symptoms 
(relapses), with periods of relative clinical stability in between (1). Without treatment, 
secondary progressive MS (SPMS) typically develops 10–15 years after the initial event, 
with a gradual evolution to slowly progressive disease. A minority of patients (5–15%) 
have a progressive course from onset, known as primary-progressive MS (PPMS) (2). 
Furthermore, the disease is responsible for a substantial economic burden due to the 
negative impact on health, social and employment issues (3). Compared to the general 
population, the life span in MS is reduced by 7-14 years (4). 

Immunology and pathology 

The traditional view is that MS is an organ-specific T-cell mediated autoimmune 
disease in which the potential autoantigen so far remains unclear (5). Two different 
hypotheses have been suggested to explain the role of the immune system in the early 
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inflammatory stages of the disease. According to the predominant one, CNS antigen 
specific immune activation of T cells takes place first in the periphery, and it is then 
transferred to the CNS through a disturbed blood-brain-barrier (BBB) (5, 6). The 
underlying mechanism for the activation of T lymphocytes outside the CNS is still 
unclear, but it may be elicited by molecular mimicry or bystander activation (6, 7). 
Once in the CNS, T lymphocytes initiate an inflammatory process by recognizing their 
specific target presented by antigen-presenting cells (APCs) and are then reactivated. 
Following reactivation, T lymphocytes recruit other immune cells from the periphery, 
including B lymphocytes and plasma cells which locally produce antibodies against the 
myelin sheath and enhance immune systems responses leading to loss of myelin 
(demyelination) (5). According to the other theory, the inflammatory process is instead 
initiated within the CNS followed by an amplification of the autoimmune response in 
which the antigens move to the periphery and the adaptive immune system is 
stimulated (6). Whether the inflammatory process is initiated in the periphery or within 
the CNS, the common view is that B cells are mainly a passive population waiting for 
the T cells to differentiate into antibody-secreting plasmablasts and plasma cells. 
However, the success of antiCD20-mediated B cell depletion therapies in the last 
decade, has raised the question whether B cells may actually play a more central role in 
the immunological dysregulation in MS through antibody-independent functions such 
as antigen presentation and/or cytokine production and T cell regulation (8). 

As for the progressive stages of the disease, there are two explanatory models. One 
proposes that neurodegeneration drives disease progression, i.e. that disturbed 
homeostasis in the axon-glial unit generates a progressive neurodegenerative disease 
progress with inflammation being a secondary process. Conversely, the other model 
postulates that compartmentalised inflammation drives disease progression, with 
gradual accumulation of inflammatory cells that become trapped within the CNS (6, 
9).  

The classical pathological feature of MS is the presence of focal areas (plaques or lesions) 
of inflammation-mediated demyelination with partial axonal preservation and reactive 
glial scar formation in the white and grey matter of the CNS (9). As the disease 
progresses, irreversible axonal damage develops (10). In addition to these focal changes, 
there are substantial alterations in the macroscopically normal white matter (so called 
normal-appearing white matter), especially in primary or secondary MS as well as 
diffuse axonal injury in the brain. The inflammatory infiltrates contain mainly 
lymphocytes, dominated by major histocompatibility complex (MHC) class I restricted 
CD8+ T cells, and to a lesser extent B lymphocytes and plasma cells (9). It was long 
believed that remyelination did not occur in MS patients, but indeed it does. 
Remyelinated lesions (shadow plaques) are sharply demarcated with thin myelin 
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sheaths throughout. However, the extent of remyelination shows great individual 
variation and depends in part on lesion location. Moreover, the remyelination process 
seems to be unstable, with shadow plaques being the target for new demyelination as 
long as the inflammatory process is still active (9, 11). 

Risk factors 

While MS is acknowledged to be an autoimmune disease, the definite cause remains 
unclear. However, current knowledge points towards an interaction between genetic 
susceptibility and environmental risk factors (1). 

Genetic factors 

The contribution of genetic factors to MS susceptibility has been extensively 
investigated (12). Twin studies have shown a higher concordance rate in monozygotic 
twins (20–30%) than in dizygotic (2–5%) (13-15) and recent population-based studies 
have estimated that a sibling to an individual with MS has a 7-fold increased risk of the 
disease than the general population (16, 17) though second- and third-degree relatives 
only have a slightly increased risk (18). The overall prevalence of familial MS has been 
estimated to 13% (19). 

Genome-wide association studies have been performed in MS revealing its complex 
genetic architecture, with more than 200 risk loci to date (20). Of note, most of these 
loci encode molecules involved in the immune system and are also associated with other 
autoimmune diseases. The MHC on chromosome 6 accounts for the largest 
contribution to MS susceptibility (12). The presence of the class II HLA-DRB1*15:01 
allele has a well-established association with increased risk (odds ratio (OR) ~ 3) 
whereas the absence of the class I variant HLA-A*02:01 is associated with a protective 
role (OR 0,6) and the combination of HLA-DRB1*15:01 with the absence of HLA-
A*02:01 confers a 5-fold increased risk (21). 

Environmental factors    

Environmental factors with the strongest current evidence for involvement in MS are 
briefly reviewed here. 
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Vitamin D 
There are two forms of vitamin D: ergocalciferol (D2) and cholecalciferol (D3). 
Cholecalciferol is present in fatty fish while plants provide ergocalciferol. Both can be 
absorbed from the diet, but cholecalciferol can also be produced by the skin´s exposure 
to ultraviolet B radiation (UVB) (22). In fact, most of the body´s vitamin D reservoir 
relies on exposure to sunlight, with only 10–20% gained through diet (22, 23). 
Ergocalciferol and cholecalciferol are then hydroxylated in the liver to 25-
hydroxyvitamin D2 (25(OH) D2) and 25-hydroxyvitamin D3 (25(OH) D3, calcidiol) 
respectively, with calcidiol being the major circulating form of vitamin D (23). In order 
to become biologically active, calcidiol needs to be further hydroxylated by the enzyme 
25 (OH) D3-1α-hydroxylase (CYP27B1) to 1,25-dihydroxyvitamin D3 (calcitriol) 
(22).  

Although calcidiol is considered the main validated surrogate of the body´s vitamin D 
status there is no consensus about the optimal levels for vitamin D. However, most 
guidelines agree that serum levels above 50 nmol/L are sufficient for most of the general 
population while levels under 25–30 nmol/L indicate deficiency and should be avoided 
(24). To further complicate matters, there are many different available assays for 
determination of vitamin D status, such as high-pressure liquid chromatography and 
spectrometry (HPLC-MS), radioimmunoassay (RIA), enzyme immunoassay (EIA), 
competitive protein binding assay (CPBA), automated chemiluminescence protein-
binding assay (CLPBA) and chemiluminescent immunoassay (CLIA). The drawback 
of so many methods is the inter-assay and laboratory discrepancies which may have 
implications both in clinical and research settings. In a Swedish study comparing 
HPLC-MS, RIA and CLIA, 8% of the study population were classified as vitamin D 
insufficient (<50 nmol/L) with the HPLC-MS method while the same figures for the 
RIA and the CLIA method were 22% and 43% respectively. The authors concluded 
that HPLC-MS was more reliable and accurate (25) and liquid chromatography 
tandem mass spectrometry (LC-MS/MS) is currently considered the gold standard 
(26). 

Calcitriol takes part in the regulation of plasma ionized calcium and phosphate levels 
due to stimulation of their intestinal absorption, renal excretion, and calcium bone 
mobilization (27). The vast majority of the effects of calcitriol are mediated by  the 
vitamin D receptor (VDR), which is a member of the nuclear receptor superfamily 
which is a family of transcriptions factors involved in several physiological processes 
such as metabolism or reproduction (27, 28) . The VDR is present in many human 
tissues but primarily in those involved in calcium homeostasis (i.e. intestine, kidney, 
parathyroid gland, bones) (28). 
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The essential task of vitamin D in bone metabolism has been known for a long time. 
It was established in the beginning of the twentieth century that adequate dietary 
vitamin D supplementation could eliminate vitamin D deficiency childhood rickets 
(29, 30). However, in the last decades, our knowledge about the role of vitamin D has 
expanded beyond calcium homeostasis, with growing evidence about its effects in both 
the innate and the adaptative immune system. The VDR is expressed in many immune 
cells including macrophages, dendritic cells, and T and B lymphocytes (27, 28). 
Regarding the innate immune system, vitamin D promotes the differentiation of 
monocytes into macrophages, enhances the chemotactic and phagocytic properties of 
macrophages, upregulates cathelicidin antimicrobial peptide levels  and alters the 
function and morphology of dendritic cells into a more tolerogenic state (31). 
Concerning the adaptative immune system, D vitamin is believed to influence both T 
and B cell homeostasis. For example, vitamin D exposure leads to supressed secretion 
of proinflammatory cytokines (Il-2, interferon-ɤ, tumor necrosis factor α, IL-9, IL-22, 
IL-17), and production of anti-inflammatory cytokines (Il-3, IL-4, IL-5, IL-10). 
Modulation of T cell homeostasis will necessarily have consequences on B cells, but 
vitamin D can also target these cells directly, leading to inhibition of their 
differentiation into memory and plasma cells and reducing antibody production. In 
summary, vitamin D is thought to have immunomodulatory effects by generating a 
shift from a proinflammatory to a more tolerogenic immune status (27, 31, 32). 

The potential role of vitamin D in the development of MS was already proposed by 
Goldberg in 1974: “a shortage of vitamin D and calcium for a group of genetically 
susceptible individuals results in myelin having abnormal composition and diminished 
structural integrity, with the consequence of a heightened predisposition for MS” (33). 
According to this hypothesis, increased vitamin D may exert a protective effect. In the 
following decades, several studies have shown an inverse relationship between vitamin 
D levels and risk of disease activity (34-38), and between vitamin D levels and risk of 
MS (39-41). Moreover, studies looking into high consumption of vitamin D (food or 
supplements) have provided further evidence for a protective effect of vitamin D (42-
44). 

Three of the above cited studies (39-41) are of particular interest. They were nested 
case-control studies performed using blood samples from diverse biobanks drawn 
before disease onset, reducing a potential reverse causation bias. The first study, 
published in 2006 used prospectively collected serial blood samples among US military 
personnel. They  found that the risk of MS decreased by 41% for every 50 nmol/L 
increase in 25-hydroxyvitamin D (39).  The second one, published in 2012, was 
conducted in northern Sweden, focused on prospectively collected blood samples from 
pregnant women during the first trimester. Levels of ≥75 nmol/L were associated with 
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a 61% decrease in MS risk. No association between 25-hydroxyvitamin D and MS risk 
in the off-spring was found (40). The third one, published in 2017, was performed in 
Finland, using prospectively collected serum samples from pregnant women at 10–14 
weeks gestation. A 50 nmol/L increase in 25-hydroxyvitamin D was associated with a 
39% reduced risk of MS (41). 

Ultraviolet radiation 
Ultraviolet radiation (UVR) is a type of non-ionizing radiation naturally emitted by the 
sun, but it can be artificially produced by other sources such as tanning beds. 
Depending on the wavelength, UVR comprises ultraviolet radiation A, B and C, with 
the ultraviolet radiation reaching Earth being mainly UVA (315–400 nm) and a small 
amount of UVB (280–315 nm) (45). The amount of UVR reaching the surface of the 
Earth depends on different factors such as solar zenith angle, clouds, ozone, surface 
reflection and altitude. In addition, the amount of UVR reaching the skin is influenced 
by skin type, clothing, sunscreen, and outdoor activities (46). 

Known adverse consequences of UVR include aging and carcinogenesis, and there are 
solid data linking both melanoma and non-melanoma skin cancer to UVR exposure 
(47). However, ultraviolet radiation also has immunomodulatory  properties leading to 
tolerogenic and immunosuppressive effects on T cells (48).  

The particular latitude dependency in the geographical distribution of MS triggered 
the idea of an association between sun exposure and MS, with Acheson et al. suggesting 
a potential protective or preventive roll of sun exposure in the early 1960’s (49). The 
hypothesis was further developed in 1997, highlighting a potential immunomodulatory 
pathway of UVR (50). Several studies performed in the last decades have shown a 
decreased risk of MS with increased UVR exposure (51-54).  

Vitamin D and/or sunlight? 
Keeping in mind that ultraviolet radiation is essential to produce vitamin D, it is not 
difficult to understand the complexity of trying to distinguish between the effects of 
UVR and vitamin D and whether they are concurrent. Yet, there are some indications 
of UVR exerting immunomodulatory effects independently of vitamin D  (55-57). 
Regarding vitamin D, Mendelian randomization studies have found that genetically 
lowered vitamin D influences the risk of MS providing support for an independent 
causal role of vitamin D in MS susceptibility (58, 59). 

Herpesviruses 
A potential role of an unknown infection in the development of MS was postulated 
already in 1894 by Pierre Marie, a former student of Charcot (60). Many different 
infectious agents have been suggested over the past century with the current top 
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candidate being Epstein-Barr virus (EBV). EBV belongs to the herpesvirus family. It is 
widespread across the world, infecting more than 90% of the healthy adult population 
(61). EBV is transmitted through saliva, establishing a lifelong latent infection in B 
cells. Primary infection most often occurs in childhood and is usually asymptomatic, 
while infection at a later age confers higher risk of developing infectious mononucleosis 
(IM) (62). The link between MS and EBV was first suggested by Warner and Carp in 
1981 (63), followed by several studies in the same decade showing higher levels of 
antibodies to EBV in persons with MS (pwMS) compared to healthy controls (64-66). 
A meta-analysis from 2012 found that seronegative EBV persons have a negligible MS 
odds ratio. Moreover, when looking into studies that had used two independent 
methods to determine serostatus, EBV turned out to be present in all pwMS (67). 
There are also studies showing that IM is associated with a two- to threefold increased 
risk of MS (68). Recently, in the largest biobank survey to date, 10 million persons 
were prospectively followed up, showing a 32-fold increase in the risk of MS after EBV 
seroconversion (69). Thus, there is compelling evidence for a role of EBV in the 
development of MS. However, the exact mechanism behind this interplay remains 
unclear. Molecular mimicry and an altered immune response to ineffectively controlled 
EBV infection have been suggested (70, 71). 

Other viruses worth mentioning here are herpesvirus 6 (HHV-6) and cytomegalovirus 
(CMV). Both can establish lifelong infections in the host (72). In 2019, a study using 
a new serological assay to discriminate serological response to HHV-6A and HHV-6B, 
high antibody levels against HHV-6A were positively associated with both MS and an 
increased risk of MS. Further, an additive interaction between EBV and HHV-6A 
serology was found in the cohort with already established MS (73). A similar association 
between serological response to HHV-6A and increased MS risk was found in another 
study from the same authors using enlarged pre-MS material (74). Regarding CMV, a 
putative protective role has been suggested (75, 76). 

Obesity 
Overweight and obesity, implying excessive adiposity, are defined in adults as a body-
mass index (BMI) of ≥25 Kg/m² and ≥30 Kg/m² respectively. Both are increasing 
worldwide and have become a major public health problem, with estimations of about 
one billion obese adults by 2030 (77). Similar to our increased insight into the different 
properties of vitamin D,  our understanding of the adipose tissue has evolved beyond 
this tissue being just a passive fat depot. Instead, the adipose tissue is now considered a 
secondary immune organ (78). In addition, increased adiposity induces a chronic low-
grade systemic inflammation characterized by elevated serum levels of proinflammatory 
cytokines (79, 80) and adipokines (81). Leptin, discovered in 1994, is currently one of 
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the best described adipokines and plays an essential role in energy homeostasis by 
promoting saturation and stimulating energy consumption (82). Moreover, it also has 
proinflammatory properties influencing both the innate and the adaptive immune 
systems (83).  

Several recent studies have shown that obesity early in life entails an increased risk of 
MS. These studies have used BMI or body silhouettes as a proxy of adiposity (84-88). 
Additional evidence about a potential link between BMI and MS risk has been provided 
by Mendelian randomization studies (89). Of note, serum levels of leptin have shown 
good correlation with the percentage of body fat (90). A recent meta-analysis has shown 
that pwMS have significantly higher circulating levels of leptin than healthy controls, 
suggesting a relationship between this adipokine and MS. Furthermore, leptin seems 
to be essential to induce Experimental Autoimmune Encephalomyelitis, the 
experimental model for MS (91). In addition, a recently nested case-control study using 
prospectively collected samples before the onset of the disease, found that an increase 
in leptin concentration was associated with an elevated risk of MS in individuals 
younger than 20 years. Interestingly, a protective effect of higher leptin levels was found 
among women aged 30–39 year (92). As mentioned earlier, obesity is increasing 
worldwide, and a similar trend has been observed for MS (93). However, the 
underlying mechanisms of the association between obesity and/or leptin levels with MS 
have not yet been established. 

Smoking 
Several epidemiological studies, including questionnaire studies (94-97) and a Swedish 
nested case-control study using prospectively collected biobank samples measuring 
cotinine levels as a proxy for recent tobacco use (98), have shown an association 
between exposure to cigarette smoke and the risk of MS. The mechanisms behind this 
association are still unclear but lung irritation triggering immune responses has been 
proposed (21, 99). There is also evidence that the risk of developing MS increases with 
the cumulative dose of smoking (97). Moreover, smoking has also been reported to be 
a risk factor for faster disease progression (100, 101). Of note, the association between 
smoking and the risk of MS has been shown mainly in studies performed in White 
populations. Recently, a nested case-control study among US military personnel failed 
to find such an association in Black people, raising the question whether there is a 
differential effect of smoking in different ethnic groups (102). 
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Gene-environment interactions 

Finally, data from interaction studies indicate that MS risk linked to lifestyle and 
environmental factors can be modified by the HLA genotype. For example, this applies  
to EBV infection (103, 104), smoking (105), and adolescent obesity (106). 

Clinical features 

Prodromal phase 

The concept of a prodromal phase is now well established in other inflammatory and 
neurodegenerative diseases such as Parkinson or Alzheimer disease, and even in other 
immune-mediated inflammatory disorders such as inflammatory bowel disease or 
rheumatoid arthritis (107).  Prodromal Parkinson, for example, implies a variety of 
nonmotor symptoms and/or subtle motor signs that do not meet current diagnostic 
criteria (108). The idea of an “incubation” or a “latency” period in MS before classical 
symptoms are manifest has been largely recognized (109, 110). However, the idea of a 
prodromal phase in MS has not evolved until the last decade (107, 111). Different 
studies have assessed the manifestation of signs and symptoms before classical MS onset 
(112-117). It is now postulated that prodromal MS is noticeable at least 5 years before 
classical onset symptoms, possibly longer, in persons developing PPMS. When 
compared to persons without the disease, many different symptoms and signs have been 
identified as more frequent during the years before the occurrence of MS, including 
pain, sleep disorders, psychiatric morbidity, fatigue, cognitive deficits, bowel/bladder 
dysfunction  and dermatological issues (118).  

Clinical course and symptoms 

In most patients the disease is characterized by recurrent periods with neurological 
symptoms (known as relapses, exacerbations, or attacks), and eventually, the 
development of disease progression. Yet, a minority of patients will follow a progressive 
course from onset. Until the mid-nineties, the clinical course was classified into 
relapsing-remitting, secondary-progressive (relapsing-remitting phase followed by 
progression with or without relapses) and progressive multiple sclerosis (progressive 
course from onset with or without superimposed relapses). However, in regard to 
progressive MS, some authors used different terminology and further distinguished 
between progressive MS with no superimposed relapses (PPMS) and progressive MS 
with superimposed relapses (relapsing progressive or progressive relapsing MS, PRMS) 
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(119). As the first pivotal clinical trials in MS were published, showing promising 
results, the need for standardization of terminology became evident (120). Soon after, 
the first standardized classification of the clinical course of MS was published in 1996. 
It was based on a survey by MS experts on behalf of the National Multiple Sclerosis 
Society (NMSS) Advisory Committee on Clinical Trials in multiple sclerosis in the 
USA. The term “relapsing progressive” was eliminated since the panel did not reach 
consensus (121). 

Later, the term “clinically isolated syndrome” (CIS) was introduced, and it is currently 
widely used to refer to the first clinical episode in which a person develops symptoms 
and signs suggestive of an inflammatory demyelinating disorder of the CNS. It usually 
presents in an acute or subacute manner, with no fever, infection, or signs of 
encephalopathy, lasting for at least 24 hours and reaching a peak within 2–3 weeks. 
Common presentations include isolated lesions in the optic nerve, brainstem, or 
cerebellum, with lesions in the cerebral hemispheres being rare. Multifocal presentation 
is also less common. Paroxysmal symptoms occurring for more than 24 hours can also 
be the presenting episode (122).  

In 2012, the NMSS of the USA, together with the European Committee for Treatment 
and Research in MS (ECTRIMS) and other experts (the MS Phenotype Group) 
performed a revision of the former classification leading to the current one. The main 
phenotypes, relapsing and progressive, were maintained with minor modifications: CIS 
as the first clinical presentation of the disease was recognised, disease activity and disease 
progression were incorporated, and the PRMS category eliminated. The original and 
the revised categories are shown in figures 1 and 2 (123).  
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Figure 1. The 1996 vs 2013 multiple sclerosis phenotype descriptions for relapsing disease (reprinted with 
permission of Wolters Kluwer Health, Inc.) 

 

Figure 2. The 1996 vs 2013 multiple sclerosis phenotype descriptions for progressive disease (reprinted 
with permission of Wolters Kluwer Health, Inc.)  
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To date, there is no standard definition of SPMS, but it is often referred to as a gradual 
deterioration independent of relapses for ≥6 months and after a relapsing-remitting 
course. Most neurologists would also expect a minimum level of disability (124).  

A peculiar situation is incidental findings on magnetic resonance imaging (MRI) 
suggesting inflammatory demyelination but without clinical signs or symptoms. This 
is referred to as radiologically isolated syndrome (RIS). RIS is not considered an MS 
phenotype in the above-mentioned classification. However, the aforementioned panel 
emphasized in 2012 the need for prospective follow-up of this group of patients. The 
first RIS criteria were published in 2009 (125) and showed a conversion rate to a first 
clinical attack of 34% and 51% at 5 and 10 years, respectively (126, 127). A proposed 
revision of these criteria has recently been published (128). 

Disability  

Traditionally, incomplete recovery from relapses (i.e. relapse-associated disability 
worsening, RAW) has been considered the hallmark of irreversible disability in RRMS. 
On the contrary, disability in the progressive forms of the disease has been attributed 
to relapse-independent mechanisms (123, 124). However, some authors consider that 
growing evidence in the last decade indicates that there is already a significant amount 
of disability accumulation early in the disease when the pattern is still classified as 
relapsing-remitting. Consequently, the novel concept of PIRA (progression 
independent of relapse activity) has evolved, challenging the classification described 
above (129-133). A proposed harmonized definition of PIRA has recently been 
published (134).  

The gold standard for assessing clinical disability is the Expanded Disability Status Scale 
(EDSS) (135) (appendix). The scale was developed by John Kurtzke in 1983, following 
his former 10 step Disability Status Scale (136). Scoring is based on a standard 
neurological examination followed by a two-step process. First, a score is applied to 
eight different functional systems (pyramidal, cerebellar, brainstem, sensory, bowel and 
bladder, visual, cerebral and others). Finally, each functional system score needs to be 
combined with the ambulatory function score. The EDSS ranges from 0 (normal 
neurological examination and no MS-related disability) to 10 (death due to MS) (135). 
Of note, there is no association between the EDSS and disease duration. To address 
the important factor of disease duration, the Multiple Sclerosis Severity Score (MSSS) 
was introduced in 2005 (137) (appendix). The MSSS algorithm is based on the 
distribution of EDSS scores in relation to disease duration from almost 10,000 patients 
from eleven countries (10 European and Australia) and has been generally used as a 
reference standard of disability progression in MS.  
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Diagnosis 

To date, there is no pathognomonic clinical feature, biomarker, or laboratory test to 
establish the diagnosis of MS. Instead, the diagnosis relies on two principles: to ensure 
lesions of inflammatory demyelinating origin in different part of the CNS over time 
(i.e., dissemination in space and time) and to rule out MS-mimicking disorders (i.e., 
no better explanation) (119).  

Until 2001, the diagnosis was based on the Poser criteria, which had been used since 
1983 and included clinical history, neurological examination and paraclinical evidence 
of CNS lesions. Paraclinical evidence could be achieved by examination of the 
cerebrospinal fluid (CSF), evoked potential studies and tissue imaging techniques 
(138). In 2001, the International Panel on MS diagnosis developed new diagnostic 
criteria (McDonald criteria), based on the same principles mentioned above but 
incorporating MRI and including guidelines for the diagnosis of PPMS (139). The 
McDonald criteria have since then been regularly revised (140-142) with a new update 
recently presented in Copenhagen at the 2024 ECTRIMS conference. 

Cerebrospinal fluid 

The typical CSF in MS is clear with a total leukocyte count greater than 5 cells per 
mm³ in about one third of cases and a raised total protein in about one fourth of cases. 
Cell counts greater than 50/mm³ and a protein level above 1g/L indicate an alternative 
diagnosis (143). The same applies for the presence of neutrophils, eosinophils, or 
atypical cells (144). Other parameters such as CSF pressure, CSF glucose, CSF to 
plasma glucose ratio and CSF lactate levels are typically normal (143). Intrathecal 
oligoclonal IgG synthesis (i.e. oligoclonal bands, OCB) is remarkably distinctive of MS 
and is found in over 95% of patients. However, it is not a specific biomarker for MS 
and can be present in CNS infections (neurosyphilis, neuroborreliosis, HIV) and other 
autoimmune and inflammatory conditions (neuro-Behçet, neurosarcoidosis, systemic 
lupus erythematosus and paraneoplastic conditions) (143, 145). 

The gold standard for detecting the presence of oligoclonal bands is isoelectric focusing 
on agarose gels followed by immunoblotting. The presence of a single band or a 
negative result suggests the possibility of an alternative diagnosis, but repeating the 
lumbar puncture and CSF analysis should be considered if clinical suspicion is high 
(146). 
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Magnetic resonance imaging  

The introduction of MRI in 1981 as a tissue imaging technique in MS became an 
important milestone in the diagnostic process (147). Basic MRI sequences include T2-
weighted and T1 pre- and post-gadolinium images of the brain and the spinal cord. 
The typical MS lesion is an area of focal hyperintensity on a T2-weighted sequence, 
round to ovoid in shape with a diameter ranging from a few millimetres to more than 
one or two centimetres. MS lesions are usually distributed within the periventricular 
and juxtacortical white matter, the corpus callosum, infratentorial areas (mainly the 
pons and the cerebellum) and the spinal cord, with a special predisposition for the 
cervical segment (148). Contrast enhancement is a marker of inflammatory activity and 
seems to be a consequence of the breakdown of the BBB (119). Enhancement lasts on 
average 2–8 weeks, often <4 weeks. Enhancing lesions are often nodular, but larger ones 
can evolve into open-ring enhancement (148).  

Visual evoked potentials 

Visual evoked potentials (VEP) have been widely used in clinical practice since the 
1970s to assess the visual pathways. Increased latency along with preserved waveform 
have been considered signs of a demyelinating process (149). Increased access to MRI 
in the last decades has led to VEPs no longer being included in the routine work-up of 
the disease. However, they are still referred to in the most recent diagnostic criteria, as 
well as in the upcoming revision, as a means to assess a potential demyelinating process 
in persons presenting with visual symptoms (140, 142). 

Differential diagnosis 

As mentioned, a crucial step in the diagnostic approach is to consider other diseases 
that can mimic MS, i.e. the “no better explanation approach” (119). The spectrum of 
potential differential diagnosis is wide. Consensus recommendations for the MS 
differential diagnosis were first published in 2008 (150) and have recently been updated 
(151). 

Prognosis 

The clinical course is highly variable between patients, making it difficult in daily 
clinical practice to predict the long-term prognosis of the individual patient. Classical 
potential “red flags” for a poorer prognosis are older age at onset (152-157), male sex 
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(158), tobacco smoking (100), certain ethnicities (159-164), comorbidities (165, 166), 
progressive course (167, 168), the relapse rate in the first two years (169), incomplete 
recovery after the first relapse (153, 170), pyramidal, cerebellar, sphincter or visual 
symptoms at onset (171), polysymptomatic onset (172, 173), early cognitive 
impairment (174, 175), high number of T2 lesions at baseline (176-181), the presence 
of Gadolinium-enhancing, spinal cord or infratentorial lesions at diagnosis or early 
disease (1–3 years) (157), baseline whole brain and grey matter volume measurements 
(182-184), the presence of OCB bands in the CSF (185), in particular IgM OCB (186, 
187), and high neurofilament chain levels in serum (188, 189).  

Regarding ethnicity, a pattern of higher disability has been suggested in different studies 
across the world including African-Americans and Hispanic Americans compared to 
Caucasian Americans (164), North African immigrants in France compared to 
Europeans (160, 163), immigrants from the Middle East North Africa (MENA) region 
compared to those of European descendent (162) or non-western immigrants in 
Norway compared to native Norwegians and western-immigrants (159). 

A practical prognostic tool including different demographic and environmental factors 
along with clinical, imaging and biomarkers parameter has recently been developed 
(190). 

Treatment 

Relapse treatment 

Relapses have long been treated with steroids in order to reduce the acute inflammation 
and hasten recovery. Pulsed intramuscular treatment with corticotropin was extensively 
used until the 1970’s, but was replaced by high dose methylprednisolone (119). The 
intravenous route of administration has been the gold standard for many years, but 
today it is established that oral steroids are an equivalent alternative with lower direct 
and indirect costs (191).  

For those who fail to respond to high dose methylprednisolone, plasmapheresis should 
be considered (192). 

Disease modifying treatment 

The first disease modifying treatment (DMT) was an injectable medication (interferon 
beta) approved by the U.S. Food and Drug Administration (FDA) in 1993 (193). Since 
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then, even though there is still no cure for MS, the treatment landscape has changed 
dramatically. Today there are many available DMTs with different mechanism of 
action, routes of administration and safety profiles. Current DMTs target mainly 
inflammatory activity, which is usually less pronounced in progressive disease, and 
currently there is only one DMT specifically approved for PPMS. While the benefits 
and importance of early initiation of DMT are generally well accepted, there is an 
ongoing debate about which treatment algorithm is best (escalation vs initial high 
efficacy treatment) (194, 195). 

Rehabilitation 

Rehabilitation is defined as “a set of interventions designed to optimize functioning 
and reduce disability in individuals with health conditions in interaction with their 
environment” (196). While there are different rehabilitation interventions available, 
there is no universal model of care for MS (197). 

In Sweden, the National Board of Health and Welfare has established guidelines for 
the care of people with MS. The following rehabilitation interventions have been 
emphasized: multidisciplinary team approach, comprehensive team rehabilitation 
period and gait rehabilitation (aerobic and resistance training) for those with impaired 
functional ability, along with fatigue management program and exercise-therapy 
(aerobic and resistance training) for those with fatigue (198). 

Epidemiology 

General 

Epidemiology is one of the research areas in Public Health Science, referring to the 
study of the distribution, patterns, and determinants of diseases in populations (199). 
Much of epidemiological research is based on observational studies (Figure 3) (199, 
200). 
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Figure 3. Overview of main subtypes of observational studies 
Observational study: the investigator does not intervene, just observes the disease and the associated 
factors. 
Experimental studies: the investigator does intervene, and the effect of the intervention is measured. 
Cross-sectional studies: the investigator analyses data from a population at a single time point. 
Cohort studies: a group of individuals with predefined common characteristics is followed over time to 
evaluate the outcome of interest (i.e. develop a disease). 
Case-control studies: these studies investigate the relationship between an exposure (i.e. risk factor) and an 
outcome comparing two group of individuals, those with the outcome of interest (cases) and those 
without (controls). 

Incidence and prevalence are two central measurements in epidemiology. Incidence 
applies to the number of a new outcome (i.e. develop a disease) in a certain population 
during a defined time. Prevalence applies to the number of subjects who have a disease 
at a given time point or during a time period in a certain population (200). Cohort 
studies are suitable for measuring incidence whereas cross-sectional studies are more 
appropriate to determine prevalence (199).  

A classic cohort study design is to investigate a group of individuals without a certain 
disease (outcome) from whom baseline data has been collected. The individuals are 
then subclassified into groups according to an exposure of interest and followed over 
time to determine who develops the disease and who does not. If the disease is not that 
common, only a small number of subjects at risk will actually develop the disease. Since 
many potential exposures are long-term in nature, one disadvantage of such a study 
design is that it is time-consuming and expensive.  

Epidemiological 
studies

Observational 
studies

Cross-sectional 
studies

Longitudinal 
studies

Cohort 
studies

Case-control 
studies

Experimental 
studies



31 

Case-control studies include a group of individuals with a certain disease and another 
group without the disease. The exposure of interest is then compared between the 
groups. Thus, case-control studies are often more efficient and with reasonable cost. An 
adequate selection of controls is a crucial step in these types of studies. The principles 
are that controls should come from the same population as the cases (i.e. the source 
population) and that they should be selected independently of exposure status. A 
particular case-control design is the “nested” case-control study. The design implies 
that cases of a disease are first identified within a defined cohort and subsequently 
matched controls are selected among those who have not developed the disease in the 
same cohort (199, 200).  

The quality of reporting observational research is important since poor quality prevents 
interpretation and generalizability. Strengthening the reporting of Observational 
Studies in Epidemiology (STROBE) is an initiative from different epidemiology 
researchers with the ambition of improving this research area. The STROBE checklist 
includes 22 items that should be addressed when reporting observational studies (201). 

The epidemiology of multiple sclerosis 

The particular worldwide distribution of MS has been a matter of discussion for many 
years. The conventional view is that there is a latitudinal gradient with higher latitudes 
correlating with higher frequency of the disease (119). The latitude gradient theory has 
been questioned in some studies that either do recognize the gradient in Australia and 
New Zealand but not in the northern hemisphere (202) or claim no latitude effect as a 
consequence of age and gender adjustments (203). However, more recent meta-analyses 
have confirmed the latitude gradient for prevalence globally and the association 
between incidence and latitude in Europe (204-206). The global distribution of MS is 
presented in Figure 4 and 5 (207, 208). 
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Figure 4. Global prevalence of MS in 2013 (Atlas of MS 2013, with permission of the Multiple Sclerosis 
International Federation, MSIF).  

 

Figure 5. Global prevalence of MS in 2020 (Atlas of MS 2020, with permission of MSIF). 

Another controversial topic is whether the incidence of MS has increased in the last 
decades or not. Overall, the evidence suggests that this is the case during the second 
half of the 20th century, especially in women and in RRMS, probably as a consequence 
of better case ascertainment in combination with increased exposure to certain 
environmental factors (93).  
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Ethnicity 

A remarkable exception to the latitude gradient is a lower prevalence among certain 
ethnic groups compared to other inhabitants of certain regions, i.e. the Maoris in New 
Zealand, the Amerindians of North America and the aboriginal population of Australia. 
These differences may indicate variations in genetic susceptibility, although it is 
important to keep in mind that these groups usually have a different lifestyle than most 
of the population in those countries (209). 

In addition to studies on different ethnic groups living in the same area, there has been 
considerable epidemiological research addressing ethnicity in a different manner, i.e. 
migration. Many studies on migrant populations have been performed over the years 
leading to the classical dogma stating that migration from a high- to a low-risk area is 
associated with a risk reduction, while migration in the opposite direction is not 
associated with substantial change in risk (209). More contemporary studies have 
nuanced this picture, especially regarding certain groups of immigrants from non-
western countries (210-212). Smestad et al. in Oslo, Norway showed a lower prevalence 
among immigrants from the Middle East than in the reference group (native 
Norwegians and immigrants from Western countries) but not significantly lower when 
adjusting for the duration of the residence (212). In a survey from 2010, Ahlgren et al. 
found that the MS risk in Gothenburg, Sweden was higher among Iranian immigrants 
than in the general population in Gothenburg as well as higher than that in the country 
of origin when comparing with available data from Isfahan, Iran (210). A few years 
later, a nationwide prevalence study from the same group observed lower MS 
prevalence among migrants from China, India, Iran, and Romania when comparing 
with the general population in Sweden, although higher than in their country of origin 
(211).  

In this context, age at migration has traditionally been considered a factor that may 
influence the risk of MS, with the age of 15 being a critical cut-off (213-215). 
According to this theory, there is a sensitive period during childhood or adolescence 
when a person is particularly susceptible to environmental factors. However, in a recent 
and large population-based cohort study conducted in Ontario, Canada, Rotstein et al. 
found a gradually decreasing risk of MS with increasing age at migration, with no 
evidence of the presumed cut-off age. In addition, they showed that the risk of MS 
increased with the duration of time in Canada (216). 
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MS epidemiology in Sweden  

Several epidemiological surveys have been conducted in Sweden over the last century, 
including Sällström´s dissertation from 1942, which showed a nationwide prevalence 
of 21.2/100,000 based on data from 87 hospitals in the country collected over a ten-
year period. The results led Sällström to raise the question of variation in the 
geographical distribution of the disease (217). Sällström´s observations, together with 
other MS studies in Sweden were later included in Kurtzke´s work on the epidemiology 
of MS in Scandinavia and his theory about the “MS Fennoscandian focus” with 
Scandinavia being a high-risk region (218, 219). These contributions have been 
followed by other studies focusing on the distribution of MS in Gothenburg, Värmland 
and Västerbotten (220-225) and finally, more recent nationwide surveys (226, 227), 
all confirming the view of Sweden as a high-risk area. Details from selected incidence 
and/or prevalence studies in Sweden in the last decades are provided in Table 1.  

Table 1. Most recent incidence and prevalence studies in Sweden (based on published literature). 

Area 
(ref) 

Incidence 
(CI) 

Time 
period 

Prevalence 
(CI) 

Year 
Based 
on 

Värmland 
County 
(224) 

6.5 (5.1– 7.8) 
6.4 (5.1 – 7.7) 

1991-1995 
1996-2000 

170.1 (154.5 – 185.5) 2002 Onset 

Västerbotten 
County 
(223) 

5.2 (4.4 – 6.2) 1988-1997 154 (139 – 170) 1997 Onset 

Västerbotten 
County 
(225) 

6 (5.2 – 6.9) 1998-2010 215 (198 – 233) 2010 Onset 

Nationwide 
(226,227) 

10.2 2001-2008 188.9 (186.1 – 191.7) 2008 Diagnosis 

CI: 95 % confidence interval, ref: Reference number 

Regarding MS in immigrant populations, there is only one other survey in addition to 
the two previously mentioned studies by Ahlgren et al. It is a nationwide incident study 
among first- and second-generation immigrants in Sweden in which the authors found 
a lower risk of incident MS among all immigrants combined, and a higher risk among 
first-generation women from Iran (228). 

To date, there are no studies about the pattern of disability in immigrants with MS in 
Sweden. 



35 

Immigration to Sweden  

Sweden has a long history of immigration, stretching back to the Viking Age. In the 
20th century many migrants from Germany and other Baltic countries came here 
because of the Second World War. They were followed in the 1950s and 1960s by 
waves of labour immigrants, mainly from southern Europe and Finland. Refugees and 
asylum seekers comprised the next waves of immigrants, reflecting ongoing worldwide 
conflicts, with migrants from Chile and the Middle East dominating in the 1970s and 
1980s, and former Yugoslavia in the 1990s. In the first decade of the 21st century, 
Sweden joined the Schengen co-operation, favouring labour immigration from other 
European Union countries. There was another wave from the Middle East following 
the 2003 invasion of Iraq (229). 

The City of Malmö 

The municipality of Malmö, also known as the City of Malmö, is a Swedish 
municipality located in the county of Skåne in the southwest of Sweden at 55°36´ N 
latitude (230) (Figure 6-7). The population of Malmö has been growing since the late 
18th century except during a period of significant recession 1970–84. Malmö is the 
third largest city in Sweden and since the early 20th century it has experienced 
substantial changes, from being a port city with shipbuilding and textile industry to 
suffering severe economic decline in the 1970s due to the collapse of both industries, 
exacerbated in the 1990s by the financial crisis in Sweden (231).  
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Figure 6. Skåne County, Sweden (https://www.britannica.com/) 
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Figure 7. Malmö municipality (arrow) in the County of Skåne (adapted from https://Regionfakta.com). 

Malmö is quite often depicted as being highly segregated, with social tensions, violence, 
poverty, and high rates of unemployment. However, in the last decades, it has emerged 
as a rapidly developing city, with major changes such as the construction of the 
Oresund Bridge to Copenhagen, the establishment of the Malmö college (now 
university) and the ongoing transformation of former industrial areas into areas with 
environmentally sustainable housing and commerce (231, 232). Malmö has a young 
population, with 56% under the age of 40 in 2010. The proportion of foreign-born 
persons is higher than the national average (30% and15% respectively in 2010) (Figure 
8-9). 
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Figure 8. Population in Sweden in 2010 according to background and age (based on data from SCB). 

 

Figure 9. Population in Malmö in 2010 according to background and age (based on data from SCB). 
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MS epidemiology in Spain 

Spain also has a long tradition of epidemiological studies (233-243) but no 
nationwide MS study has been performed so far. Details from selected incidence 
and/or prevalence studies in Spain in the last decades are provided in Table 2. In 
contrast to Sweden, Spain is considered a medium risk region. However, a couple 
of recent studies from Galicia, in the northwest of the country, have shown 
considerably higher prevalence figures than expected (242, 243). While case 
ascertainment in the study from Santiago de Compostela (242) included multiple 
sources and the validation of the diagnosis by a neurologist, the survey from 
Ourense (243) was based on primary health care files with no confirmation of the 
diagnosis by a neurologist. 

The Alt Empordà  
The Alt Empordà is a county located in the province of Girona, in the northeast of 
Catalonia at 42° 17´ N latitude (244) (Figure 10-11). The population in 2010 and 
2020 was 138,351 and 140,429 respectively in an area of 1,357.4 km2 (245).    

Agriculture and fishing have traditionally been the main source of economy in the Alt 
Empordà, with tourism currently being the major one (246).  
  



40 

Table 2. Most recent incidence and prevalence studies in Spain (based on published literature). 

Area 
(ref) 

Incidence 
(CI) 

Time period Prevalence 
(CI) 

Year Based on 

Santiago de 
Compostela 
(233) 

5.3 
(3.2 –7.5) 

1998–2003 78.7 
(60.4 – 97) 

2003 Diagnosis 

Málaga province 
(234) 

  125 
(102 – 169.5) 

2008 Diagnosis 

Osona 
(235) 

  79.9 
(66.3 – 95.6) 

2008 Diagnosis 

Girona province 
(238) 

3.6 
(2.4 – 5.3) 

2009   Onset 

Murcia 
(239) 

  71.9 
(60 – 85) 

2010 Diagnosis 

La Rioja 
(236) 

3.5 
(2.8 – 4.2) 

2001–2011 65 
(56 – 74) 

2011 Diagnosis 

Seville 
(237) 

4.6 
(4.1 – 5.1) 

1991–2011 90.2 
(75.6 – 104.8) 

2011 Diagnosis 

Ourense 
(243) 

7.9 
(na) 
 

2002–2016 184 
(158.5 – 
210.5) 

2016 Diagnosis 

Lanzarote 
(241) 

2.5 
(1.1 – 3.8) 

2008–2015 50 
(44.4 – 56.2) 

2015 Onset (I) 
Diagnosis (P) 

Santiago de 
Compostela 
(242) 

8 
(6 – 10) 

2010–2015 154 
(127 – 176) 

2015 Diagnosis 

San Vicente del 
Raspeig 
(240) 

5 
(3.6 – 7.1) 

2005–2017 111.9 
(87.7 – 142.9) 

2018 Onset (I) 
Diagnosis (P) 

CI: 95% confidence interval, Ref: reference number, na: not available 
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Figure 10. Map of Catalonia in Spain and the world (https://www.britannica.com/) 

 

 

Figure 11. The Alt Empordà (dark blue) in Catalonia (https://www.idescat.cat) 
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Rationale 

A complex interplay between genetic and environmental factors is currently considered 
to be the underlying cause of MS. There is also evidence for adolescence being a more 
vulnerable period, while the clinical onset of the disease usually occurs several years later 
(21). Vitamin D is one of the environmental factors with robust evidence of being a 
risk factor for the development of MS. When dealing with potential risk factors, it is 
imperative to limit the risk of reverse causation, i.e. that the outcome causes the 
exposure.  Nested case-control studies based on biobank data such as the one in this 
thesis provide a good opportunity to minimize that risk.  

MS has negative effects on health-, social-, and work-related issues for pwMS and their 
families, leading to significant socioeconomic burden. Estimates of incidence and 
prevalence are important for planning in the healthcare system. Moreover, 
acknowledging potential differences in the pattern of disability in certain groups and/or 
changes in the epidemiology of the disease over time is crucial for adequate allocation 
of resources. 
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Aim of the thesis 

The overall aim of the thesis is to gain insight into the epidemiology of MS in the City 
of Malmö, and in the county of the Alt Empordà, Catalonia, and to advance knowledge 
regarding vitamin D as one of the putative environmental factors in the etiology of MS. 

The specific aims are: 

Paper I 

To investigate whether high levels of 25-hydroxyvitamin D (25 (OH)D3) have a 
protective effect against MS and if this putative role is more pronounced among young 
individuals. 

Paper II 

To estimate the incidence (2001–2010) and the prevalence (2010) of MS in the City 
of Malmö. 

Paper III 

To estimate the prevalence of MS among native Swedes and immigrants in 2010 in the 
City of Malmö. 

To investigate whether there were differences between native Swedes and immigrants 
in the City of Malmö regarding the prevalence and the clinical characteristics of the 
disease, including the clinical spectrum of the first attack, clinical course, gender, time 
to diagnosis, disability progression and access to disease-modifying therapies. 

Paper IV 

To estimate the incidence (2001–2010 and 2011–2020) and the prevalence (2010 and 
2020) of MS in the Alt Empordà, northeast of Catalonia, Spain. 
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Methods 

Paper I 

The first study is a nested case-control study, part of a larger national project on risk 
factors for multiple sclerosis, “Risk factors for MS with focus on glandular fever“, led 
by one of my co-supervisors, Peter Sundström. The project is primarily based on 
biobank data, the Swedish MS registry, and an MS/possible MS local database. 

Case retrieval 

We used three sources to identify study subjects: 

Biobanks 

A biobank is a collection of human biological material collected mainly within routine 
healthcare. In Sweden, most of the samples belong to biobanks in the administrative 
“regions” but there are also biobanks available at the universities, at the Public Health 
Agency of Sweden (PHAS) and in private management. The stored samples can be used 
within the healthcare system for many purposes such as care and treatment, education, 
training, and product manufacturing, but also for research (247). Common for the 
samples in the present study is that they were scraps from analyses performed in daily 
routine practice in microbiological laboratories at the university hospitals in Umeå, 
Örebro, Linköping, Gothenburg, and Skåne, and at the Public Health Agency of 
Sweden (PHAS). 

Swedish MS registry 

The Swedish MS registry is a national quality registry which aims to promote and 
improve the quality of MS care and research. It started in 1996 and is part of the 
Swedish Neuro Registries since 2010. All centres with specialist neurological care are 
represented in the registry. The current coverage rate is 80% with around 18,000 active 
patients registered. The registry provides broad data on patients including 
demographics, diagnosis, treatment, disability and quality of life (248). 
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The Umeå MS/possible MS database 

This database was established in 2009 within another project. Case identification was 
made through different sources including all the hospitals in the study area, the primary 
care centres in Västerbotten County, the National Patient Registry (NPR) and the 
Cause of Death Registry at the National Board of Health and Welfare, and the Swedish 
MS Registry. They searched the register for MS and nearby diagnosis codes according 
to the International Classification of Diseases (ICD). An MS diagnosis according to 
the criteria at the time was assessed by medical chart review (40). 

Case retrieval in Paper I was performed through crosslinking between the Swedish MS 
registry and the microbiological biobanks, and between the local Umeå database and 
the Umeå biobank. 

Case ascertainment 

To be included in the study a sample in either of the biobanks, drawn before the age of 
40 and before the first MS symptom, and later development of RRMS were mandatory. 
One control case matched for biobank and sex, together with sampling date and age 
with decreasing priority was selected. The diagnosis and year of onset were determined 
by medical chart review when registry data were incomplete. Further details can be 
found in Table 3. 

Table 3. Sample characteristics from cases and controls stratified by biobank (reproduced from 
“Environmental risk factors for the occurrence of multiple sclerosis” (249) with permission of the author) 

Biobank Years of 
sample 
collection 

Plasma or 
serum 

N, (%) Proportion 
of samples 
from 
men/women 
(%) 

Long-term 
storage 
temperature 

Umeå 1976–2007 Both 204 (15) 21/79 - 20 °C 

PHAS 1972–2001 Both 278 (21) 22/78 - 20 °C 

Örebro 1994–2008 Serum 58 (4) 0/100 - 20 °C 

Gothenburg 1995–2009 Serum 94 (7) 11/89 - 20 °C 

Skåne 1977–2007 Both 628 (47) 15/85 - 20 °C 

Linköping 1993–2009 Both 78 (6) 10/90 - 20 °C 
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Laboratory methods 

Concentrations of 25(OH) D2 and 25(OH) D3 were measured using LC-MS/MS with 
a Shimadzu Nexera LC system (Shimadzu CorporatioSerumn, Kyoto, Japan) 
combined to a Sciex QTrap 5500 MS (Sciex, Framingham, MA, USA).  

Statistics 

All statistical analyses were performed using IBM SPSS Statistics version 23 (IBM 
Corporation, New York, NY, USA). All analyses were performed in the whole group 
and in subgroups stratified by age at sampling (<20, 20–29 and 30–39 years). To 
increase power in the smaller groups, if a case and a control in a given set were on 
different sides of an age cut-off, they were allocated to either the youngest or the oldest 
group containing a case or control. The distribution of vitamin D levels in the controls 
was used to model vitamin D concentration as quintiles in each biobank separately. In 
addition, a pooled analysis was performed including all the individuals and their 
quintiles assignments. The Mann-Whitney test was used to analyse continuous 
variables. Conditional logistic regression was used to calculate OR and P for trend over 
quintiles.  

Papers II and III 

The study area  

All studies in Paper II and Paper III are observational studies based on the City of 
Malmö. The total population was 298,963 on prevalence day, December 31, 2010.  

The neurological healthcare map in Malmö and the surrounding area has changed 
significantly in the last decades. A department of neurology was established in 1984 at 
Malmö University Hospital (referred to as Malmö General Hospital during the 20th 
century), staffed by neurologists trained at Lund University Hospital, which was the 
only centre with neurological care in Skåne until then. In 2010, Skåne University 
Hospital was established by merging the two centres as well as a rehabilitation hospital 
(Orup Hospital), 50 km from Malmö. In addition, there is a hospital in the 
municipality of Trelleborg, 30 km south of Malmö, with neurology care since 1999. 
Finally, there have been a few private neurologists in the region, with the neurologist 
based in Malmö mainly focused on movement disorders. Thus, most MS care in the 
study area is in the public specialized health service. 
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Case definition 

Paper II 
Onset symptoms were defined according to a list of symptoms developed by Poser in 
the 90s and slightly modified, i.e. “transverse myelitis” was replaced by “myelitis” (250). 

A prevalent case was defined as a person with onset symptoms before prevalence day, 
living in the study area on prevalence day (251) and fulfilling the 2010 McDonald 
diagnostic criteria (140) at the time for case ascertainment while an incident case was 
defined as a person with onset symptom during the incidence period while living in the 
study area (251) and fulfilling the above mentioned diagnostic criteria at the time for 
case ascertainment. 

Paper III 
The same definition for onset symptoms and prevalent case applied.  

The country background was assigned according to the individual´s country of birth, 
and the definitions were mainly based on those from Statistics Sweden (Table 4) (252). 
Further details about the classification in Paper III are shown in Table 5.  

Table 4. Overview of terms used by Statistics Sweden and in Paper III 

Statistics Sweden Paper III 

Born in Sweden with both 
parents born in Sweden. 

Swedish background Native Swedish 

Born in Sweden with one 
parent born in Sweden and one 
foreign born parent. 

Swedish background Native Swedish 

Born abroad with two foreign 
born parents. 

Foreign background First-generation immigrant 

Born in Sweden with two 
foreign born parents. 

Foreign background Second-generation immigrant 

When information about the parents is missing, the same background as their offspring is assumed. 
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Table 5. Classification according to country background 

 Country background 

Native Swedish Born in Sweden with at least one parent born in Sweden 

Immigrant First 
generation 

Born abroad 
to two 
foreign-born 
parents 

Western Europe, North America, 
Oceania 

Non-Western Asia, Africa, the Middle East, 
South- and Central America 

Second 
generation 

Born in Sweden with two foreign born parents 

Scandinavian Native Swedish + born in Denmark, Iceland, or Norway 

People born in Denmark, Iceland or Norway were considered closely related to Sweden and included in the 
native Swedish group. 
Middle East included Lebanon, Turkey, Bahrain, Egypt, Kuwait, Syria, Israel, the Palestinian territory, Qatar, 
Yemen, Iraq, Iran, Jordan, Saudi Arabia, and the United Arab Emirates. 

Case retrieval 

Paper II 
Two registers at the National Board of Health and Welfare (the Swedish NPR and the 
National Cause of Death register) and the Swedish MS register were used as sources. 
In addition, cases identified by the author in clinical practice between 2016 and 2019 
were included. 

The NPR comprises data on all inpatient care since 1987 and outpatient specialist care 
since 2001. An overview of data available at the NPR is shown in Table 6. The 
requested data included all individuals attending public or private care diagnosed with 
MS and/or nearby diagnosis according to ICD 8, 9 and 10 until 2013. The 
geographical data and selected diagnosis in the search are shown in Table 7.  

The Swedish MS register was searched for individuals attending the neurological 
department at Skåne University Hospital in Malmö. 

The National Cause of Death register comprises data on all deaths of people registered 
in Sweden and it has been digitised since 1961 (253). We requested data on individuals 
with MS or inflammatory disease of the CNS as the underlying or contributory cause 
of death who had died in Malmö in the period 2001–2010. 

Paper III 
For Paper III, we used all pwMS living in Malmö on prevalence day, identified in the 
previous study (Paper II). 
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Table 6. Information available in the National Patient Register  

Patient data Personal identity number  

Sex 

Age 

Place of residence 

Geographical data County council  

Hospital/clinic 

Department 

Administrative data Inpatient Date of admission and 
discharge 

Length of stay 

Admitted from 

Discharged to 

Outpatient Date of admission and 
discharge 

Medical data Main diagnosis  

Secondary diagnosis 

Procedures 

External cause of injury or 
poisoning 

The diagnosis is registered according to the ICD. 

Table 7. Geographical data and diagnosis requested to the NPR 

Geographical data Public Malmö University Hospital  
Lund University Hospital 
Orup Hospital 
Trelleborg Hospital 
Skåne University Hospital 
 

Private Malmö 
Lund 
Helsingborg 

ICD codes MS 

Demyelinating disorders in CNS 

Optic neuritis 

Spastic paraplegia 

Myelopathy 

Ataxia 

Spinocerebellar disease 

Myelitis 
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Case ascertainment 

Case ascertainment was based on medical chart review and the Swedish Total 
Population register (TPR). 

Medical chart review included assessment of the clinical history, neuroradiological 
examinations (i.e. MRI), CSF analysis and other relevant laboratory tests. The 2010 
McDonald criteria applied. The assessment was performed by the author between 
October 2014 and February 2021, using mainly digital medical records but also paper 
medical records in the regional Archive in Lund. Originally, there was the possibility 
to contact individuals for a follow-up interview and/or examination if it was considered 
necessary to confirm or refute a diagnosis. However, despite approval from the local 
ethic committee, the national Board of Health and Welfare did not allow this 
intervention. 

In both Paper II and Paper III, the assessment included year of onset, sex, and 
phenotype. In addition, in Paper III, the assessment comprised year of diagnosis, year 
of second relapse if appropriate, onset symptoms, MRI (dissemination in time, 
dissemination in place), oligoclonal bands in the CSF, EDSS, MSSS and disease-
modifying therapy. In addition to the previously mentioned Poser`s list of onset 
symptoms, symptoms were further classified according to anatomical regions: optic 
nerve, cerebral hemispheres, brainstem/cerebellum, spinal cord, and unclear. Since the 
EDSS had been performed between 1980 and 2018, the calculation of MSSS was 
performed only in pwMS with EDSS registered between 2005 and 2015 (n=231). 
Two-thirds of the EDSS had been performed by an MS specialist, of which 40% by 
the author. When disease duration was longer than 30 years (n=61), the MSSS was 
calculated based on 30 years. When year of onset was not available (n=5), the MSSS 
was calculated based on the year of diagnosis instead. 

In 1967, the local population registers in Sweden were digitised, and Statistics Sweden 
established the TPR. The TPR includes data on date and place of birth, sex, place of 
residence, country of birth of the parents, immigration, emigration, and death. Since 
1947, every person who has resided in Sweden on a permanent basis has been assigned 
a personal identification number. This number is the unique identifier in the TPR. 
Since 2000, a coordination number is assigned to individuals who are not registered in 
the TPR (mainly those staying for <1 year). These individuals are also not registered in 
the health care registers (254).  

In Paper II, the TPR provided information on the place of residence at onset and at 
prevalence date for each individual. In Paper III, the TPR provided data on country of 
birth and time of immigration and/or emigration for the MS prevalent population, 
together with country background, sex, and age for the total Malmö population. 
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Statistics 

All statistical analyses were performed using IBM SPSS Statistics version 25 (IBM 
Corporation, New York, NY, USA) and Epitools (Sergeant, ESG, 2018. Epitools 
Epidemiological Calculators. Ausvet.). A significance level of 5% was applied. The 
Poisson distribution and the Wilson`s score method was used for calculation of 95% 
CI for the incidence and the prevalence, respectively. In Paper II, incidence and 
prevalence were calculated stratified by age and sex while in Paper III, together with 
crude prevalence figures, the adjusted figures were calculated according to the 2013 
European Standard population. All clinical characteristics were presented and analysed 
as proportions, medians, and interquartile range (IQR). A two-sample t-test and a 
Mann-Whitney test were used to analyse continuous variables. Pearson`s chi-square 
test or 2-samples Z-test were used to analyse most frequencies and the Fisher´s test in 
case of small samples (n<5). Multiple linear regression was used to analyse differences 
in MSSS, adjusted for sex, age at onset, and phenotype. 

Paper IV 

The study included in Paper IV is an observational study primarily based on data 
derived from the Figueres MS registry and population register data from the Alt 
Empordà, Catalonia. The total population on December 31, 2010 was 138,351 and 
140,429 on December 31, 2020. 

The Figueres MS registry 

All neurological care in the Alt Empordà is referred to the Figueres Hospital, which is 
the largest in the county, with an established MS Unit since 2002. The healthcare 
system in the area also includes eight public Primary Care Centres, a public 
intermediate care centre and a private hospital. In addition, there is a referral hospital 
in the provincial capital. 

The Figueres MS registry was established in 2008 at the Figueres Hospital in 
collaboration with the Primary Healthcare Centres and other neurologists in the 
province of Girona. Case identification was made through different sources including 
the electronic medical records system from the Primary Healthcare network in the Alt 
Empordà and from relevant departments at the Figueres Hospital (ophthalmology, 
urology, rehabilitation of medicine and neurology). The diagnosis of MS according to 
the criteria at that time was assessed by medical chart review. The registry has since then 
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prospectively registered individuals attending the neurological department at the 
Figueres Hospital presenting with symptoms suggestive of MS. 

Case definition 

The same definition for incidence and prevalence as in Paper II and Paper III applied 
(251), as well as the classification of the course of the disease (123). The 2010 
McDonald diagnostic criteria applied (140). 

Case retrieval 

Case retrieval from the Figueres MS registry was performed in December 2022. 

Case ascertainment 

Case ascertainment was based on medical chart review and the Population and Housing 
Census at the Statistical Institute of Catalonia (245). 

The medical chart review included assessment of the date of onset and diagnosis, 
phenotype, EDSS and DMT. The population register data included the place of 
residence for the year of disease onset and both prevalence dates. 

Statistics 

All statistical analyses were performed using IBM SPSS Statistics version 29 (IBM 
Corporation, New York, Ny, USA). A significant level of 5 % was applied. As in paper 
II, the Poisson distribution and the Wilson´s score method were used for calculation of 
95% CI of the incidence and the prevalence, respectively. The clinical characteristics 
were presented and analysed as proportions, medians, and interquartile range (IQR). 
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Results 

Paper I 

A total of 670 case-control sets qualified for inclusion in the study. One set was 
excluded due to a disturbance in the internal standard, and four additional sets were 
excluded due to low sample volumes, leaving 665 case-control sets for the final analysis. 
Quantifiable levels of 25 (OH) D2 were available in 60 individuals (37 cases and 23 
controls). Therefore, most analyses were performed using 25 (OH) D3. Sufficient levels 
of vitamin D (above 50 nmol/L) were present in 54.6 % of cases and 56.1% of controls. 
No differences in median 25 (OH) D3 were found between cases and controls (Table 
8). However, being in the top quintile was significantly associated with a decreased risk 
of developing MS (OR 0.68, 95% confidence interval (CI) 0.50–0.93). Yet, when 
looking into the different age groups, the results yield no significant findings. In the 
total cohort, no trend over quintiles was found (Table 9). 
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Table 8. Characteristics of cases and controls (adapted from Paper I). 

M: Male, F: Female. Y: years. 
PHAS: Public Health Agency of Sweden.  
Median (25th–75th percentiles) for continuous variables and percent for proportions.  
Vitamin D concentrations expressed as nmol/L. 
 

 

 

 n Cases n Controls p 
Sex (M/F) 665 16.2/83.8 % 665 16.2/83.8 %  

Age at sampling, y  665 25 (21–29) 665 25 (21–29)  

Age at disease onset, y  665 33 (28–40) n.a.   

Time from sampling until disease 
onset, y  

665 8 (4–13) n.a.   

      

Biobank – latitude      

   Umeå – 63°N 102 15.3 % 102 15.3 %  

      Vitamin D3  47 (37–61)  53 (39–68) 0.07 

      Samples collected between, y  1976–2007  1976–2007  

   PHAS – n.a. 137 20.6 % 137 20.6 %  

       Vitamin D3  59 (43–75)  56 (39–77) 0.64 

       Samples collected between, y  1972–2001  1972–2001  

   Örebro – 59°N  29 4.3 % 29 4.3 %  

       Vitamin D3  52 (41–63)  50 (36–70) 0.96 

       Samples collected between, y  1994–2008  1994–2008  

   Göteborg – 57°N 47 7.1 % 47 7.1 %  

       Vitamin D3  56 (41–65)  55 (44–67) 0.97 

       Samples collected between, y  1995–2009  1995–2009  

   Skåne – 55°N 311 46.8 % 311 46.8 %  

       Vitamin D3  52 (41–68)  52 (40–70) 0.93 

       Samples collected between, y  1977–2007  1977–2007  

   Linköping – 58°N 39 5.9 % 39 5.9 %  

       Vitamin D3  43 (30–57)  51 (32–61) 0.33 

       Samples collected between, y  1993–2009  1993–2009  

      

All subjects 665  665   

   Vitamin D3  53 (40–67)  53 (39–70) 0.50 

Age group <20  142  142   

   Vitamin D3  49 (38–64)  51 (39–67) 0.47 

Age group 20-29 374  374   

   Vitamin D3  53 (41–67)  53 (39–71) 0.73 

Age group 30-39 149  149   

   Vitamin D3  55 (41–72)  56 (42–73) 0.83 
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Table 9. Associations of vitamin D3 concentration and MS stratified by biobank and age (reprinted from 
Paper I). 

 Vitamin D 
Categories 

Cut-off 
nmol/L 

Number of (%) OR 95% CI 

Biobank   Cases Controls   

  Umeå Quintile 1–4   ≥38, 48, 59 90 (88.2) 81 (79.4) ref  

 Quintile 5  ≥73 12 (11.8) 21 (20.6) 0.47 0.20–1.1 

  PHAS Quintile 1–4   ≥37, 50, 63 114 (83.2) 109 (79.6) ref  

 Quintile 5  ≥82 23 (16.8) 28 (20.4) 0.75 0.38–1.5 

  Örebro Quintile 1–4 ≥35, 48, 60 26 (89.7) 23 (79.3) ref  

 Quintile 5  ≥72 3 (10.3) 6 (20.7) 0.40 0.08–2.1 

  Gothenburg Quintile 1–4 ≥41, 50, 59 41 (87.2) 37 (78.7) ref  

 Quintile 5  ≥71 6 (12.8) 10 (21.3) 0.43 0.11–1.7 

  Skåne Quintile 1–4 ≥38, 47, 58 252 (81.0) 248 (79.7) ref  

 Quintile 5  ≥73 59 (19.0) 63 (20.3) 0.90 0.58–1.4 

  Linköping Quintile 1–4 ≥27, 42, 55 37 (94.9) 31 (79.5) ref  

 Quintile 5  ≥70 2 (5.1) 8 (20.5) 0.25 0.05–1.2 

  All Quintile 1–4  560 (84.2) 529 (79.5) ref  

 Quintile 5   105 (15.8) 136 (20.5) 0.68 0.50–0.93 

       

  Alla Quintile 1  134 (20.1) 133 (20.0) ref  

 Quintile 2  142 (21.4) 133 (20.0) 1.1 0.77–1.5 

 Quintile 3  131 (19.7) 130 (19.5) 0.99 0.71–1.4 

 Quintile 4  153 (23.0) 133 (20.0) 1.1 0.78–1.6 

 Quintile 5  105 (15.8) 136 (20.5) 0.72 0.49–1.1 

       

Age group      

  <20 Quintile 1–4  126 (88.7) 118 (83.1) ref  

 Quintile 5  16 (11.3) 24 (16.9) 0.60 0.29–1.2 

  20-29 Quintile 1–4  313 (83.7) 297 (79.4) ref  

 Quintile 5  61 (16.3) 77 (20.6) 0.70 0.46–1.1 

  30-39 Quintile 1–4  121 (81.2) 114 (76.5) ref  

 Quintile 5  28 (18.8) 35 (23.5) 0.72 0.39–1.3 

       
OR: odds ratio; CI: confidence interval; PHAS: Public Health Agency of Sweden.  
aIn the total cohort, p for trend over quintiles was 0.24. 

Since the PHAS had higher 25 (OH) D3 levels than the other biobanks (cut-off for the 
top quintile at 82 nmol/L), a sensitivity analysis excluding the PHAS was performed. 
This analysis yielded significant results both when using the median cut-off for the 
other biobanks (72 nmol/L) and a higher one (100 nmol/L): OR= 0.69; CI: 0.49–0.97 
and OR= 0.30; CI: 0.13–0.71, respectively. 
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Paper II 

A total of 726 individuals fulfilling the 2010 McDonald diagnostic criteria were found. 
The NPR was the main source of identification (87.5 % of cases) (Figure 12). 

 

Figure 12. Flowchart of case retrieval and ascertainment  
NPR: National patient register, MS: multiple sclerosis, SMSreg: Swedish MS registry, PPMS: primary 
progressive MS 
† Twenty-five out of 52 resident in the study area on the prevalence day, 12 out of 52 with PPMS 
diagnos (all of them with onset before the incidence study period, 5 out of 12 living in the study area on 
prevalence day). 
†† All with onset within the incidence study period and living in the study area at that time. All living in 
the study area on prevalence day. 
§ Thirty out of 46 had Possible MS, 2 out of 30 with onset within the incidence study period and living in 
the study area at that time.  
§§ Onset within the incidence study period and living in the study area at that time. 
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Incidence 
We identified a total of 147 pwMS with onset in the period 2001–2010, giving a crude 
incidence rate of 5.3/100,000 (95% CI, 4.5 – 6.2). The age-specific incidence rates are 
displayed in Table 10. The vast majority (90.5%) had a relapsing onset, and the median 
age at disease onset was 31 (IQR 27–38) for both sexes.  

Table 10. Annual incidence 2001–2010 of multiple sclerosis in the City of Malmö per 100,000 population 
by age and sex (reprinted from Paper II). 

 Males Females Total 

Age group Number Rate Number Rate Number Rate 

0–14 0 0 1 0.5 1 0.2 

15–24 7 4.1 17 9.2 24 6.8 

25–34 28 11.1 43 17.5 71 14.2 

35–44 14 7.1 20 11.0 34 8.9 

45–54 3 1.8 10 6.1 13 3.9 

55–64 1 0.7 3 2 4 1.3 

65–74 0 0 0 0 0 0 

75– 0 0 0 0 0 0 

Total 53 3.9 94 6.6 147 5.3 

95 % CI  2.9 – 5  5.3 – 8  4.5 – 6.2 

 

Prevalence 
We identified a total of 397 individuals fulfilling the case definition, giving a crude 
onset adjusted prevalence of MS in the City of Malmö on December 31, 2010, of 
133/100,000 (95% CI, 120 – 146). The stratified figures are displayed in Table 11. 
The demographic and clinical data are shown in Table 12. Most of the pwMS in the 
incident group (84%) were residents in the City of Malmö on prevalence day. 
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Table 11. Prevalence of multiple sclerosis on December 31, 2010, in the City of Malmö per 100,000 
population by age and sex (reprinted from Paper II). 

 Males Females Total 

Age group Number Prevalence Number Prevalence Number Prevalence 

0–14 0 0 0 0 0 0 

15–24 9 48 9 44 18 46 

25–34 25 87 53 186 78 136 

35–44 34 158 53 273 87 212 

45–54 27 149 58 337 85 240 

55–64 16 105 55 347 71 228 

65–74 14 131 26 213 40 175 

75- 5 58 13 86 18 76 

Total 130 89 267 175 397 133 

95 % CI  73 – 104  154 – 196  120 – 146 

 

Table 12. Overview of clinical characteristics of multiple sclerosis in the prevalent MS population. 

Females, n (%) 267 (67.3) 

Age at prevalence day (years), median (IQR) 46 (35–59) 

Age at onset (years), median (IQR) 30 (24–38.5) 

Disease duration (years), median (IQR) 13 (5.5–24) 

Clinical phenotype, n (%) 
Relapsing 

 
235 (59.2) 
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Paper III 

A total of 371 pwMS were eligible for the study (Figure 13). 

 

Figure 13. Flowchart of the distribution of the study population according to country background 
(reprinted from Paper IV).  
Non-Western: Asia (n= 4), Africa (n= 3), Middle East (n=22) and Central and South America (n=1). 
Middle East: Lebanon, Turkey, Bahrain, Egypt, Kuwait, Syria, Israel, the Palestinian territory, Qatar, Yemen, 
Iraq, Iran, Jordan, Saudi Arabia, and the United Arab Emirates. 

Prevalence 
We identified a total of 291 pwMS with Scandinavian background yielding a crude 
prevalence of 154/100,000 (95% CI, 137–173). As for first-generation immigrants, we 
identified 80 pwMS, of which 50 were of Western background and 30 of non-Western 
background. In the Western group, the majority (86%) came from Central or South 
Europe. Most (73%) pwMS in the non-Western group came from the Middle East, 
mainly Iran (n=10) or Iraq (n=6).  

The crude prevalence among first-generation immigrants was lower compared to the 
Scandinavian population (p<0.010 for both crude and adjusted prevalence). The crude 
and adjusted figures are shown in Table 13. The stratified figures are displayed in Table 
14. 
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Clinical characteristics 

The demographic and clinical data are summarized in tables 15 and 16. Both 
immigrant groups were younger and had a shorter disease duration than the 
Scandinavian population at prevalence day. The age of onset was younger among non-
Western immigrants compared to Scandinavians even when looking into those with 
onset after migration (median age 26, IQR 21–31, p<0.010). No diagnosis or treatment 
delay was identified when comparing Scandinavians with both Western and non-
Western immigrants.  

The distribution of onset symptoms among those with relapsing onset is shown in 
Table 17. Most pwMS had a monofocal onset and no statistically significant differences 
between the groups were found. Regarding anatomical regions, brainstem/cerebellar 
were the most common among non-Western immigrants (48%, p=0.010 when 
compared to Scandinavians) whereas the optic nerve was the most frequent region in 
the other groups. The second most common anatomical region in all groups was the 
spinal cord. 

Non-Western immigrants displayed an increased disability progression compared to 
Scandinavians (Table 18). 
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Table 16. Female to male ratio by onset and country background. 

 Sex ratio 
(female to male) 

Onset Scandinavians Western Non-Western 

Relapsing 2.4 3.2 3.2 

Progressive 0.5 0.7 0.5 

 

Table 17. Onset symptoms in pwMS with relapsing onset (reprinted from Paper III). 

Poser onset symptoms 
n (%) 

Scandinavian 
N= 252 

Western 
N = 41 

Non-Western 
N= 25 

Unilateral optic retrobulbar neuritis 68 (27) 13 (31.7) 3 (12) 

Oscillopsia 1 (0.4) ---- ---- 

True binocular diplopia   32 (12.7) 2 (4.8) 5 (20) 

Acute unilateral diminution of hearing 
(< 40 yo) 

2 (0.8) ---- ---- 

Transient acute non-positional vertigo 
(< 40 yo) 

27 (10.8) 1 (2.4) 3 (12) 

Myelitis 63 (25) 7 (17.1) 5 (20) 

Lhermitte symptom  
 

3 (1.2) 1 (2.4) ---- 

Unilateral dysmetria/intention 
tremor/incoordination 

4 (1.6) 1 (2.4) ---- 

Sensory useless hand syndrome 1 (0,4) ---- ---- 

Transient weakness/paresthesia of 
one limb 

78 (30.6) 18 (43.9) 11 (44) 

Unilateral facial palsy  
 

3 (1.2) ---- 2 (8) 

Transient hemiparesis (< 40 yo) 2 (0.8) ---- ---- 

Scandinavian group: 169/259 with RRMS, 90/259 with SPMS, 7 individuals with missing data 
Western immigrants: 32/42 with RRMS, 10/42 with SPMS, 1 individual with missing data. 
Non-Western immigrants: 16/25 with RRMS, 9/25 with SPMS. 
Yo: years old. 
Onset symptoms according to a list of onset symptoms by Poser (1995). The original list was slightly 
modified (“myelitis” instead of “transverse myelitis”). 
Onset symptoms with no cases at all: Acquired monocular colour blindness, trigeminus neuralgia (< 40 
yo), hemifacial spasm (< 40 yo), transient scanning speech, gait ataxia, transient painless urinary 
retention (< 40 yo), transient painless urinary urgency/incontinence in men (< 40 yo), organic erectile 
dysfunction and painful tonic seizure. 
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Table 18. Multiple Sclerosis Severity Score: results from the multiple linear regression analysis (reprinted from 
Paper III). 

 Unadjusted Adjusted† 

 β 95% CI p β 95% CI p 

Scandinavians 0 (ref)   0 (ref)   

Western immigrants 0.38 -1.1 – 1.8 0.60 0.22 -1.2 – 1.6 0.75 

Non-Western 
immigrants 

0.98 -0.67 – 2.6 0.24 1.7 0.18 – 3.3 0.030 

† Covariates: sex, age at onset, phenotype (relapsing/progressive onset). 

Paper IV 

Incidence 

We identified a total of 71 pwMS with onset between 2001 and 2020, giving a crude 
incidence rate of 3.5/100,000 (95% CI 2.6–4.6) during 2001–2010 and 1.6/100,000 
(95% CI 1.1–2.5) during 2011-2020. The age-specific incidence rates are shown in 
tables 19-20. The majority had a relapsing onset (91.7 and 87% respectively). Median 
age at onset was similar in both periods: 36 (IQR 21) in 2001–2010 and 37 (IQR 13) 
in 2011–2010. Diagnosis delay was also similar in both decades: 12.4 months (IQR 
39) and 11.1 (IQR 20) respectively. 

 
Table 19. Annual incidence of multiple sclerosis 2001–2010 in the Alt Empordà per 100,000 population by 
age. 

Age group Number Rate 

0–15 0 0 

16–24 3 2.4 

25–44 24 5.3 

45–64 18 5.2 

65– 3 1.3 

Total 48 3.5 

95% CI  2.6 – 4.6 

CI: Confidence interval 
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Table 20. Annual incidence of multiple sclerosis 2011–2020 in the Alt Empordà per 100,000 population by 
age. 

Age group Number Rate 

0–15 1 0.4 

16–24 2 1.6 

25–44 13 3.3 

45–64 7 1.7 

65– 0 0 

Total 23 1.6 

95 % CI  1.1 – 2.5 

CI: Confidence interval 

Prevalence 
We identified a total of 103 individuals fulfilling the case definition in 2010 and 114 
in 2020, giving a crude onset adjusted prevalence of MS in the Alt Empordà on 
December 31, 2010, of 75/100,000 (95% CI 61– 90) and 81/100,000 (95% CI 68– 
98) on December 31, 2020. The stratified figures are presented in Table 21 and 22.  
Table 21. Prevalence of multiple sclerosis on December 31, 2010, in the Alt Empordà per 100,000 
population by age. 

Age group Number Prevalence 
0–15 0 0 

16–24 3 24 

25–44 37 82 

45–64 54 156 

65– 9 40 

Total 103 75 

95% CI  61 – 90 

CI: Confidence interval 

Table 22. Prevalence of multiple sclerosis on December 31, 2020, in the Alt Empordà per 100,000 
population by age. 

Age group Number Prevalence 
0–15 1 4 

16–24 2 16 

25–44 31 85 

45–64 58 144 

65– 22 82 

Total 114 81 

95% CI  68 – 98 

CI: Confidence interval 
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Ethical considerations 

Paper I 

The study was approved by the local review board in Umeå (Dnr 2011-198-31 M), the 
regional steering committee for each biobank, and the Swedish MS Society research 
board. Handling of sensitive data was approved by the Swedish Authority for Privacy 
Protection. Written informed consent was not required. An information letter was sent 
to potential study participants outlining the project and including information about 
how to opt out. 

The collection of human biological material is not a new phenomenon in Sweden, i.e. 
pathological samples have been stored within the healthcare system since the 1920s. 
Today, there are about 450 biobanks with more than 150 million stored samples, an 
invaluable resource for both healthcare and research. This entails great responsibility 
for the healthcare system and the research community to ensure that ethical principles 
are applied. The first biobank law was enacted in 2003 with one of the aims being to 
protect the integrity of the individuals who either already had stored samples or were 
potential donors. According to this law, “a sample stored in a biobank may be used for 
a purpose other than covered by previous information and consent only if the person 
who provided the consent has been informed of and consented with the new purpose” 
(255). Concerning the biobanks used in this study, some of them were established 
within prospective population-based studies (The Malmö Diet and Cancer study, The 
Malmö Preventive Project and The Västerbotten project) whereas others (Malmö 
Microbiological biobank and the biobank at the Public Health Agency of Sweden) were 
established along with routine healthcare. Informed consent was required to participate 
in the above studies, but it is uncertain whether individuals leaving blood samples many 
decades ago were actually informed either about long-term storage or the potential 
research use in the future. This raised an important ethical issue in which the potential 
benefits of this kind of research for the general population (but probably not for current 
pwMS) on one hand, must be weighed against the potential breach of privacy for the 
individual on the other. In this context, the information letter with the option to opt-
out was considered a reasonable compromise and only 10 individuals (5 cases and 5 
controls) decided not to participate.  
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Paper II–III 

Both studies were approved by the local ethics committee of Lund University, Lund 
(Dnr 2013/890) and the National Board of Health and Welfare (Dnr 10576/2014).  

The risk for individuals to be harmed or wronged due to the medical chart review was 
judged as negligible for most of those with an established MS diagnosis. Still, the risk 
of psychological harm for individuals registered in the NPR with other ICD codes had 
to be considered. These two assumptions were the rationale behind informed consent 
not being required. However, an advertisement in a regional newspaper was published 
with information about the project including the option to opt-out. The information 
was written in general terms, i.e. using the phrase “inflammatory diseases of the nervous 
system” instead of multiple sclerosis. This was a carefully selected strategy based on the 
risks, but it should be acknowledged that an announcement in daily press does not 
ensure that the information reaches the whole population. No individuals declined to 
participate.  

Paper III deserves certain ethical consideration, not least given the current debate in 
Sweden about immigrants, which was not as present when the project started. 
According to the 19th principle in the Declaration of Helsinki (World Medical 
Association, 2013), “Some groups and individuals are particularly vulnerable and may 
have an increased likelihood of being wronged or of incurring additional harm. All 
vulnerable groups and individuals should receive specifically considered protection” 
(256). Since migration is one of the topics indirectly addressed in Paper III, concerns 
about processing this kind of sensitive data must be raised. All published data is 
anonymised, but we were not allowed to do prevalence estimations for individual 
countries in order to respect the immigrant population´s right to privacy. Moreover, 
the 20th principle states that “Medical research with a vulnerable group is only justified 
if the research is responsive to the health needs or priorities of the group and the 
research cannot be carried out in a non-vulnerable group. In addition, this group should 
stand to benefit from the knowledge, practices or interventions that result from the 
research.” (256). Considering that estimates of disease prevalence are important for 
forward planning in the healthcare system and that potential differences in disability 
progression in certain groups can lead to a revision of current care, it was considered 
plausible to perform the study even though there is some potential for stigmatization.  
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Paper IV 

The local MS registry of the Alt Empordà was launched in 2008 after approval from 
the local ethics committee of Doctor Josep Trueta University Hospital (Dnr 
2008/013). The main objectives at that time were to perform a field survey and 
establish the incidence in the years 2001–2006, and to provide a base for further follow-
up epidemiological studies. All individuals are informed about the register, and that 
data may be used for continuous disease monitoring and research purposes. Informed 
written consent is required to be included in the register. Consent is not required for 
specific research projects. Participation in this register implies no direct risk for the 
pwMS.  
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Discussion 

Methodological considerations 

All the studies in this thesis are observational and we have attempted to comply with 
the STROBE statement (201). 

Paper I 

One of the advantages of a cohort study is the possibility to register exposure 
information at baseline and then subsequently follow-up for the disease incidence 
(outcome). Another advantage, provided that the study is prospective (i.e. the exposure 
information is collected at the beginning of the follow-up), is that the risk for recall or 
reporting bias decreases. However, considering that MS is not that common, this 
approach is less cost-effective when studying environmental exposures as potential risk 
factors for MS.  

In this context we found a nested case-control design to be more suitable in Paper I, 
given the invaluable resource that the biobanks represent. 

Case retrieval 

Selection bias occurs when there is a systematic difference between the features of the 
subjects included in a study and those who are not, with the consequence that the study 
will not be representative of the population it aims to describe. We cannot exclude the 
possibility that there have been such systematic differences between individuals with 
and without stored samples. 

Another concern regarding the biobanks is that they had different catchment areas and 
demographic characteristics along with variations in the procedures used to handle and 
store the samples. The samples used in this study were not primarily intended to be 
stored for research purposes, and much information about the circumstances and the 
process itself is unfortunately lacking. We do know that all the biobanks share long-
term storage temperature at -20°C and that most of the samples (except the PHAS) 
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were analysed for hepatitis or HIV screening, pregnancy screening and unspecified 
serological analysis (38%, 30% and 24%, respectively). In addition to samples collected 
for diagnostic microbiology the PHAS also contains samples related to surveillance 
studies linked to vaccination programs or pandemics, but it is more likely that the 
samples in our study were collected for diagnostic purposes (249). 

Case ascertainment  

Reverse causation refers to a situation when the outcome precedes and causes the 
exposure instead of the opposite. One of the inclusion criteria in the study was “to have 
a sample drawn before the first MS symptom”, which reduces the possibility of reverse 
causation. However, we cannot exclude the presence of individuals with earlier 
neurological symptoms that had not been recorded. Moreover, in view of the current 
idea of a prodromal phase in MS (118) and a median of 8 years prior to the onset for 
the samples to be collected, reverse causation might be present.  

Confounding occurs when an exposure-outcome association is obscured by the 
presence of other factors also affecting the outcome. Confounding can be prevented in 
the study design by using matching. In case-control studies, matching is a method used 
to achieve a similar distribution in the control group and the cases with respect to 
specific characteristics of interest (i.e. potential confounders). One of the benefits is a 
uniform number of cases and controls across the levels of the selected variables which 
leads to better statistical efficiency. In Paper I, the selected matched variables were 
biobank and sex, along with date of sampling and age at sampling with decreasing 
priority. The biobank matching was made with consideration given to the previously 
discussed heterogeneity among the different biobanks. As expected, median Vitamin D 
concentrations were lower during the winter compared to the summer (Figure 14). This 
seasonal variation was the rationale behind giving the date of sampling higher matching 
priority than age at sampling. Moreover, storage time is important with respect to old 
samples, even if vitamin D is considered quite stable under many conditions (257, 258). 
Mean difference between cases and controls for the date of sampling was 6 days. Hence, 
specific correction for seasonal variation was deemed not necessary. By using this 
strategy, we might have mitigated confounding. However, residual confounding may 
still been present since there are other factors, both recognized (i.e. sun exposure, 
obesity, smoking and ethnicity) and unrecognized that have not been addressed.  
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Figure 14. Median 25 (OH)D3 concentrations by month of sample collection. Data from 1 330 samples 
with 48% (n=633) collected in the winter months November–April (reproduced from “Environmental risk 
factors for the occurrence of multiple sclerosis” (249) with permission of the author). 

The matching ratio was set to 1:1, mainly because the restricted availability to stored 
samples in the biobanks that tend to lessen the volume of the released samples. 
Although a reasonable policy from the biobanks, the drawback is that we only had a 
single baseline vitamin D measurement which may not reflect the long-term status. 

Statistics 

Serum concentrations of vitamin D differed between the biobanks, with the PHAS 
displaying the highest levels (12% more). To compensate for this disparity and for the 
potential variations in pre-analysis conditions between biobanks, the distribution of 
vitamin D levels in the controls was used to model vitamin D concentration as quintiles 
in each of the biobanks. The same quintiles assignments were used when performing 
the pooled analysis with all the individuals. 

Sensitivity analyses are suitable when investigating the robustness of the obtained 
results. Thus, in view of the divergent vitamin D concentrations in the PHAS biobank, 
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we performed sensitivity analysis excluding samples from that biobank. The analysis 
was performed using the median for top quintile cut-offs for the remaining biobanks 
(72 nmol/L) as well as a higher one (100 nmol/L). Both procedures yielded significant 
findings (OR=0.69, 95% CI: 0.49–0.97 and OR=0.30, 95% CI: 0.13–0.71).  

Paper II-IV 

Study design 

In Paper II–III, the study area was chosen in view of the lack of epidemiological studies 
in southwestern Sweden and with the intention of providing a base for further follow-
up studies. The geographical location was judged particularly suitable considering the 
latitudinal gradient theory and the fact that previous surveys were conducted further 
north. Further, the demographic features of Malmö with potential differences between 
groups with different country background suggested the area as a natural study target.  

In Paper IV, the base for further follow-up studies had already been established in 2008, 
so the design was specifically chosen with the intention of continuing the previous work 
in northeastern Catalonia while attempting to harmonize with the methodology in 
Paper II–III. 

Case definition 

Two different approaches can be used to measure incidence: cumulative incidence and 
incidence rate. The first, also known as “risk or incidence proportion”, is a measure of 
the probability of an individual developing a certain disease during a specified time 
span. In turn, incidence rate is a measure of how fast the disease occurs in a population. 
In both cases, it is assumed that all the individuals are disease-free at the beginning of 
the study and the numerator is the number of new cases developing the disease during 
the observation time. However, while incidence proportion does not take into 
consideration dropouts (lost to follow-up), the key principle in incidence rate is that 
only the actual time at risk is considered. Time at risk for each subject is defined as the 
time from the beginning of the observation period until the development of the disease, 
lost to follow-up (i.e. moving out the study area) or death. Incidence rate is then usually 
expressed as annual incidence and displayed as “n cases per 100,000, i.e. n cases per 
100,000 person-years” (199). In Paper II and IV, we used the incidence rate since it is 
a more solid measure when dealing with long-term studies.  
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Regarding prevalence, there are two options: point prevalence and period prevalence. 
The former is the proportion of individuals with a given disease on a particular date 
while period prevalence refers to the proportion of individuals with the disease at any 
time during the defined interval (200). In Paper II–IV we used point prevalence since 
it was deemed more suitable for addressing the research questions of this thesis.  

Another issue of interest here is how to deal with the definition of “having a certain 
disease”, i.e. whether to use the date of diagnosis or, as we actually did, the onset date 
(onset-adjusted prevalence) (259). Applying the date of diagnosis implies that there 
would be individuals with symptoms of the disease but not diagnosed yet. Thus, the 
onset-adjusted strategy is far more relevant from a biological perspective. As for 
incidence, diagnosis-based estimations imply risk for bias (under and/or overestimates 
rates).  Since time to diagnosis can differ depending on many factors such as awareness 
of the disease or access to neurological expertise, an observation time is mandatory.  

Embracing the onset-adjusted concept implies the need to define the onset. In contrast 
to the diagnostic criteria which have been updated on a regular basis, especially in the 
last two decades, the definition of onset has not drawn as much attention. The current 
criteria emphasize the importance of limiting the application of the criteria to 
individuals presenting with a typical CIS. The criteria specifically mention that “CIS 
presentations typically involve the optic nerve, brainstem/cerebellum, spinal cord, or 
cerebral hemispheres” (140). However, no detailed definition about these presentations 
per se is provided. The lack of guidelines was pointed out already in the 90s by Poser, 
who proposed a list med onset symptoms based on his own experience and consensus 
with other experts in the field (250). Yet, the list has remained quite unnoticed. 
Consequently, most epidemiological studies do not define this topic, hampering the 
comparability of different studies. In Sweden, Poser´s list was used in the first MS 
surveys from Västerbotten County although with a minor modification (“myelitis” 
applied instead of “transverse myelitis”) (222, 223). Because there has been no tradition 
of MS epidemiological research in Malmö and our purpose was to create a base for 
further follow-up studies, it was important to perform this study using clear definitions 
on as many items as possible. Therefore, the same list (including the aforementioned 
modification) was used in Paper II. In addition, the STROBE statement supports this 
rationale. 

In Paper IV, a predetermined onset definition was not used since the material was 
primarily derived from the Figueres MS registry which did not include a predefined list 
med onset symptoms. One approach that was considered when discussing the current 
project was to reassess all the medical charts using the Poser´s list. However, such 
reassessment had not been reviewed by the Ethical approval board and implied the need 
to initiate a new ethical revision which was deemed too time consuming. 
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One of the aims of this thesis was to investigate potential differences in the burden of 
the disease between the native population and immigrants. Following the previous 
argument, it was essential to further define those terms in Paper III. First, we classified 
the population according to Statistics Sweden, whose definitions were developed in 
2002 in cooperation with the Swedish Integration Agency (252). These definitions are 
based on the country of birth of the individual and their parents but does not perform 
any other group allocation. In a second step, we classified first-generation immigrants 
according to previous studies in Northern Europe with similar aims (159, 212) to be 
able to make comparisons. An alternative would have been to request this information 
from the study population itself which was not feasible due to the study design.  

Race and ethnicity are frequently recorded in medical research but how the research 
community approaches this issue has been questioned (260) and highlighted (261). 
One of the reasons is probably the lack of an exact definition of these designations. As 
for ethnicity, one definition could be “the fact of belonging to a particular ethnic group, 
i.e. a group of people who have a shared sense of identity because they have their own 
cultural background, traditions, history, language, etc” (262). Translation into a 
comprehensive checklist with different items is obviously difficult. In Paper III, the 
focus has been on the country background without the intention of assimilating 
country of birth and ethnicity even if to some extent, and especially when comparing 
with similar studies, the country background seems to be used as a proxy for ethnicity.  

Case retrieval  

Selection bias occurs when the study population does not represent the target 
population (199). In Paper II, we used multiple sources for case identification including 
the NPR, the Swedish MS register, and the Swedish Cause of Death register together 
with a few cases gathered by the author in clinical work. As explained before, applying 
the concept of onset-adjusted prevalence implies a need for observation time. The 
awareness about MS has increased over time and an observation period up to 3 years 
from prevalence date was considered sufficient.  

The NPR does not contain data on primary care which might have prevented us from 
identifying individuals with mild symptoms with or without established diagnosis who 
had never been referred to or followed up in specialized care. In addition, there might 
have been individuals with suspected or even known MS attending specialized care 
before the establishment of the NPR in 1987, but without actual contact after that and 
therefore not registered in the NPR.  
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We were also aware of a few Danish pwMS living and working in Malmö but attending 
the Danish MS Center and therefore registered in the TPR but not in the Swedish 
healthcare system.  

Thus, both Paper II and Paper III might have been subject to selection bias which may 
have resulted in incidence and prevalence figures being underestimated.  

In contrast to the Malmö based studies, data from the Primary Healthcare System in 
the Alt Empordà was included as one of multiple sources when establishing the Figueres 
MS registry. However, even Paper IV might have been subject to selection bias due to 
potential variations in the awareness of the disease among primary care physicians. 

Information bias occurs when there are errors in the information collected about or 
from the study subjects leading to individuals being placed in the wrong category (199).  
This can be exemplified by the previously mentioned Danish pwMS since they were 
classified as not having MS, subsequently contributing to the denominator when 
calculating incidence and prevalence, instead for the numerator. However, the number 
of pwMS attending the Danish MS Centre was so small that the consequences of such 
bias are considered negligible. 

Case ascertainment 

Medical chart review for research purpose implies dependence on data that were 
originally collected for clinical purposes (263). This method has certain challenges; it 
is time consuming, there may be difficulties in the interpretation of the information, 
variability in the quality of the records, incomplete records, missing charts, and 
inconsistency between reviewers (264). The last issue does not apply to this thesis since 
the author was the only reviewer in Paper II–III and one of the co-supervisors the only 
one in Paper IV. Incomplete and missing charts accounted for less than 5% of all the 
charts which normally can be disregarded in terms of bias (265). To address the 
remaining pitfalls, an approach based on predefined research questions, together with 
a protocol with clear definitions of all the items and systematic data collection was used. 

To assess the neuroradiological examinations the corresponding reports from the 
neuroradiologist were evaluated. In general, these reports describe the findings in the 
scans and suggest potential diagnosis. Since the introduction of the McDonald 
diagnostic criteria, it has become more common to specify whether dissemination in 
time and/or place is fulfilled, but there is no standard protocol followed by the 
neuroradiologist.  

We assessed disability progression using the MSSS, which relies on disease duration 
and the EDSS (137). In Paper III–IV, most EDSS assessments were performed by an 
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MS-specialist. Measuring disability with the EDSS is an internationally accepted 
method, especially in clinical trials settings. However, it has been questioned due to 
weaknesses in sensitivity to change and reliability. Inter-rater kappa values between 0.32 
and 0.76 have been reported, with the intra-rater figures being somewhat higher (266). 
Moreover, while specific training as an EDSS rater is mandatory in randomized clinical 
trials, there is no such requirement in daily clinical practice. Yet, MS-specialists are 
usually confident with the scale. Consequently, some degree of information bias must 
be acknowledged. 

Regarding the MSSS, it is relevant to highlight that it was originally developed based 
on measurements in pwMS mainly from European countries (137). The algorithm was 
later validated in a cohort with American patients (267) and more recently, in a large 
international dataset with pwMS (268). The latest such dataset included pwMS across 
the world but not all countries were represented. Thus, the MSSS has not been 
specifically validated in certain populations (i.e. Asia, Africa, or Middle East) which 
may affect its external validity. Another caveat to consider when using the MSSS is 
potential fluctuations in the EDSS. To address this issue, we excluded EDSS registered 
within 6 months of a relapse in Paper III. 

Discussion of results 

Paper I 
In this nested case-control study we found that high levels of 25 (OH) D3 (i.e. top 
quintile among controls) were associated with a decreased risk of developing MS (OR 
0.68, 95% CI 0.50–0.93) which is in line with previous studies (39-41). However, we 
could not duplicate the results from one of these studies showing a significantly larger 
effect size among young individuals (<20 yo) (39). 

As already mentioned, common to all studies is the design with blood samples collected 
before the onset of the disease which presumably reduced the risk for reverse causation. 
In addition, all studies had specified diagnostic criteria for the subjects to be included 
(Poser or Mc Donald) and no major differences in vitamin D levels between cases and 
controls were found. Still, a few differences deserve to be mentioned. For relevant 
details about our study the reader is referred to the “Methods” sections. The first study 
from Munger et al. (39) was performed among US military personnel, using up to 4 
samples per subject (3 before and the fourth after the onset), a matching ratio of 1:2 
with the majority of cases being men (68%). Matching was done for age, sex, sampling 
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date, branch of military service and race/ethnicity (non-Hispanic white, non-Hispanic 
black, Hispanic, or other). In addition, adjustments for seasonal variation of vitamin D 
and latitude of residence at entry into the military were done. Measurements of 25 
(OH) D were performed by RIA. Mean 25 (OH) D level was 78.2 nmol/L (standard 
deviation (SD) 28.1) among non-Hispanic whites, 45.5 (SD 21.2) in Blacks and 66.6 
(SD 25.4) in Hispanic/other. Among non-Hispanic whites, the study found a 41% 
decreased risk for every 50 nmol/L increase in 25 (OH) D (OR 0.59, 95% CI 0.36–
0.97). Moreover, being in the top (cut-off 99.2) versus (vs) the bottom quintile (cut-
off <63.2) was also associated with a decreased risk (OR 0.38, 95% CI 0.19–0.75), with 
the overall trend across quintiles being significant. When looking into younger 
individuals (<20 yo), with 25 (OH) D levels of 100 nmol/L or higher, the effect was 
stronger (OR 0.09, 95% CI 0.01–0.75). Among Blacks, Hispanics and those of other 
race/ethnicity, the overall association between vitamin D levels and MS risk was not 
statistically significant. 

The study from northern Sweden (40) was performed among pregnant women, with 
one available sample collected during the first trimester and a matching ratio of 1:2. 
Matching was performed by sex, biobank, sampling date and age. Measurements of 25 
(OH) D were performed with ELISA. There were 56 individuals among cases and 112 
among controls (29.2 % in both groups ) with 25 (OH) D levels ≥50 nmol/L (269). 
The study showed that levels of 25 (OH) D ≥75 /vs <75) nmol/L were associated with 
a 61% decreased risk of developing MS (OR 0.39, 95% CI, 0.16–0.98). The effect was 
more pronounced in younger individuals (median age at sampling <26.4 yo) but not 
statistically significant (OR 0.16, 95% CI, 0.02–01.3). Notably, this subgroup was 
small (1/96 and 11/192 with 25 (OH) D levels ≥75 among cases and controls 
respectively). 

Finally, the study by Munger et al. (41) was performed among women in Finland, with 
1–3 samples collected between 10 and 14 weeks gestation and a matching ratio of 1:3. 
This was a larger study, with 1,092 cases and 2,123 controls. When medical records 
were not available (n=640), the date of diagnosis applied instead of onset date. 
Matching was performed by birth date and place of residence. Measurements of 25 
(OH) D were performed with CLIA and seasonal adjustments were done. There were 
only 65 individuals among pwMS and 160 among the controls (6 and 7.5% in each 
group respectively) with 25 (OH) D levels ≥50 nmol/L. The study found a 39% 
reduced risk for every 50 nmol/L increase in 25 (OH) D (adjusted RR 0.61, 95% CI, 
0.44–0.85). In addition, women with 25 (OH) D levels <30 nmol/L (deficient) had a 
43% increased risk of MS compared to those with ≥50 nmol/L, while comparison to 
women with 25 (OH) D levels of 30– 50 nmol/L yielded a 27% increased MS risk. 
The effect when comparing women with deficient vs sufficient levels was stronger in 
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analyses restricted to the subgroup of cases/controls with 2 or more samples (2-fold 
increase). In quintiles analysis, being in the bottom 2 quintiles (cut-off <26.8) was 
associated with a 37% to 87% increased risk of MS compared to being in the top 
quintile (cut-off ≥40.7).  

A striking feature of these studies is the variety in the vitamin levels among both cases 
and controls. A reasonable explanation is the use of different methods to assess vitamin 
D status. As mentioned earlier, such methodological differences have implications both 
in clinical practice and research with the drawback being that it is not suitable to 
compare absolute vitamin D levels between these studies. However, given that the 
results point in the same direction and that they are performed in different geographical 
areas including both males and females, they could be said to complement each other. 
Taking all this together and considering the results from previous and more classical 
observational studies (34-38, 42-44), it is fair to claim that there is evidence for the 
association between vitamin D and MS risk, with Paper I being an additional piece in 
this puzzle.  

To our knowledge, the study in Paper I is the first MS survey using the LC-MS/MS 
method, i.e. the gold standard procedure, which we consider one of the strengths of the 
study. Another important aspect is the relatively large number of young individuals 
(<20 yo) even if we could not reproduce the findings by Munger et al. among US 
veterans  (39). Nevertheless, the effect size was in line with two of the studies (39, 40).   

There are several limitations in our study, some of them already presented in the 
previous section (“Methodological considerations”). First, the heterogeneity between 
biobanks. Second, we had only one available sample per subject which, unlike both 
studies by Munger et al., (39, 41) implies that the measurements in our study might 
have been affected by incidental variations and consequently do not reflect long-term 
status of vitamin D. Third, the lack of data on comorbidities and sociodemographic 
factors other than sex and age might reduce the external validity of the results. Finally, 
we cannot exclude the presence of residual confounding. 

In this framework, it should be emphasized that case-control studies are appropriate 
when trying to establish associations between exposure and disease but not causality. In 
addition, reverse causation can be a concern. A causal relationship requires that the 
exposure precedes the disease. Nested case-control studies with samples prospectively 
collected before the clinical onset of the disease potentially reduce reverse causation. 
However, considering the prevailing idea of a prodromal phase in MS, and that it is 
not evident when the inflammatory process actually begins, reverse causation might still 
be a concern. A different approach to causality assessment in order to overcome reverse 
causation and confounders is Mendelian randomization. Recent such studies have 
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shown that genetically lowered vitamin D levels increase the risk of MS (58, 59). 
However, this approach has its own challenges and limitations (270).  

One of the central topics in the geoepidemiology of MS is the latitude gradient theory, 
i.e. higher latitude correlating with higher frequency of the disease. This peculiar 
latitude dependency prompted the hypothesis of an association between sun exposure 
and MS (49). Sun exposure is crucial to the production of vitamin D, with only 10–
20% of the body´s reserve coming from diet (22, 23). The latitude gradient theory has 
been questioned over the years (202, 203), but recent meta-analyses have provided 
evidence of the gradient for prevalence globally as well as for incidence in Europe (204-
206). Two of these meta-analyses are of particular interest since they include both 
global and regional analyses (205, 206). Regarding Scandinavia, the first study found 
an inverse gradient within this region (205). A plausible explanation was proposed by 
Kampman et. al stating that vitamin D intake, especially at northern latitudes, would 
be responsible for this phenomenon (271).  Higher latitude implies reduced sun 
exposure, and thus lower vitamin production should be expected. However, this is not 
the case for Scandinavia because the dietary consumption here is higher than in other 
European populations (271-275). In Paper I, we found higher vitamin D levels than 
expected by latitude alone in both cases and controls which is in concordance with 
results from a previous population-based study from northern Sweden (276). 
Moreover, our results further support the former interpretation. 

The more recent meta-analysis is an update of the preceding one by the same authors, 
showing a remarkable attenuation of the inverse gradient in the Scandinavian region 
(206). Nationwide studies from Sweden and Norway (226, 277) were included in this 
meta-analysis which may have contributed to mitigating the gradient, but it also raises 
the question whether there have been behavioural changes in the population leading to 
less dietary intake of vitamin D (206).  

Paper II–III 

Prevalence and incidence in the general population 

This is the first population-based study of MS in the City of Malmö, southern Sweden, 
which is of particular interest due to the lack of MS epidemiology research in this 
geographical area compared to the rest of the country.  

We found an incidence of 5.3/100,000 (95% CI, 4.5–6.2) and an onset-adjusted 
prevalence of 133/100,000 (95% CI, 121–147), with a female to male ratio of 1.8 and 
2.1 respectively.  
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Three contemporary observational studies in Sweden are of relevance when discussing 
our results: a regional survey in Västerbotten (225) and two nationwide surveys (226, 
227). 

The incidence found in Paper II is in concordance with the study from Västerbotten, 
which applied a similar methodology, i.e. multiple sources, and validation of the 
diagnosis by a neurologist. However, the prevalence in Västerbotten in 2010 was 
higher, namely  215/100,000 (95% CI, 198–233) (225), a finding that might support 
the theory of a north-south latitude gradient of MS prevalence in Sweden. 

The nationwide studies (226, 227), reported an average MS incidence in Sweden from 
2001 to 2008 of 10/100,000 person-years and a prevalence of 188.9/100,000 (95% 
CI, 186.1–191.7).  The prevalence for Skåne was 176/100,000 but no specific data for 
the City of Malmö were available (Cecilia Ahlgren, personal communication). Potential 
pwMS in these studies were identified by linking data from the NPR, the TPR, and 
the Swedish Neuroregister. No specific validation of the diagnosis was performed, and 
cases with Possible MS diagnosis were included. Incidence estimates were calculated 
with a novel method based on logistic regression to calculate the probability of the date 
of a diagnosis being within the incidence period for a subset of individuals. This 
probability applied then to other subjects and finally, hazard functions of MS diagnosis 
were estimated. In turn, the prevalence was calculated based on the total number of 
individuals with a registered diagnosis of MS on December 31, 2008, and the total 
population in Sweden at that point. 

The figures in our study were clearly lower than the national estimates. While it is 
tempting to make comparisons, it may not be appropriate for several reasons. First, 
onset-adjusted incidence applied in our study, which is more appropriate from a 
biological and epidemiological perspective, whereas date of diagnosis was used by 
Ahlgren et al. Second, we did perform a validation of the MS diagnosis thorough 
systematic case ascertainment with predefined criteria for both diagnosis and what 
should be considered onset of the disease. Third, we did not include Possible MS cases. 
Finally, the specific demographics of the population in Malmö differ from the national 
average both in terms of age distribution and background. 

In addition to prevalence estimates, the above nationwide study also investigated the 
presumed presence of a latitude gradient of MS prevalence in Sweden. It found that 
the prevalence significantly increased for each degree of north latitude with 1% and 
1.5% in women and men respectively. This is in contrast to results from a Norwegian 
nationwide study that could not find clear associations between latitude and prevalence 
in 2012. In that survey, the prevalence was significantly higher in the Middle region of 
the country, but there was no difference between the Northern and Southern regions, 
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and potential changes in prevalence with each degree of latitude were not explored 
(278). 

Thus, with reservations for methodological differences, together with the previous 
studies in Sweden, our results support the presence of a latitude gradient of MS 
prevalence in Sweden.  

One of the key features of Paper II was the rigorous case ascertainment. There are many 
clinical and paraclinical features typical for MS but so far none are considered 
pathognomonic. Rather, the diagnosis is based on two essential principles: 
dissemination in space and time along with exclusion of a more probable explanation 
for the clinical picture. According to the McDonald criteria, if the criteria are fulfilled 
and there is no better explanation, the diagnosis will be “MS”, while if the diagnosis is 
suspected but the criteria are not completely met, the diagnosis will be “Possible MS” 
(140).We found 46 individuals with MS diagnosis who did not fulfil the McDonald 
criteria. Many of them (65%) could be considered Possible MS.   

The “better explanation” principle is challenging in real life since many other 
neurological diseases may present as “MS mimics”. Moreover, some of these, i.e. 
neuromyelitis optica spectrum disorders (NMOSD) or Myelin oligodendrocyte 
glycoprotein antibody disease have been better described in the last decades. Among 
individuals with incomplete or not available medical records we found 52 individuals 
registered as MS. In this group, there were at least two with old medical records and a 
clinical picture resembling NMOSD. Also, it can be particularly demanding to 
establish a diagnosis of PPMS, a phenotype that was not specifically included in the 
diagnostic criteria until the arrival of the  McDonald epoch (139). We found 12/52 
individuals registered in the medical charts as PPMS. All had a clinical course suggestive 
of progressive disease and some of them had oligoclonal band in CSF, but none had 
had an MRI. This was not unexpected since the majority were older patients who had 
received their diagnosis before MRI became routine procedure. We cannot exclude that 
some or all of them would have been classified as MS if they had undergone an MRI. 
Unfortunately, it was not possible for us to complete the diagnostic workup for reasons 
already explained.  

When analysing the findings in a research project based on real life data, it is worth 
mentioning that the diagnostic criteria by Poser (138) were developed to facilitate the 
inclusion of individuals in clinical trials and other research protocols, and that the 
McDonald criteria (139-141) were specifically developed to predict the development 
of MS in individuals presenting with a typical CIS. In daily clinical practice each 
neurologist faces a broader spectrum of symptoms. 
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Prevalence according to country background 

Estimates of prevalence and incidence among immigrants have been performed in 
Sweden before, either at a national level or with focus on a specific group (Iranian 
immigrants in Gothenburg). Thus, Paper III is the first population-based study 
addressing this topic in the City of Malmö.  

The onset-adjusted prevalence was lower among immigrants compared to   
Scandinavians, both in first-generation immigrants and in the predefined subgroups, 
Western and non-Western. One striking feature of our material was the subgroup with 
country background in the Middle East which accounted for most (73.3%) pwMS 
among non-Western immigrants. According to the Atlas of MS from 2013, most 
countries in that area had prevalence estimates clearly lower than the one in our study 
(207). This is in line with a previous study from Oslo, Norway (212). Of note, most 
of the Middle East pwMS in the Norwegian study came from Iran, which was also the 
case in our population. A potentially higher susceptibility in the Iranian-born 
population has been previously suggested in a survey from Gothenburg (210) and two 
Swedish nationwide studies (211, 228). As outlined in the introduction, presence of 
the class II HLA-DRB1*15:01 allele has a well-established association with increased 
MS risk (OR~3) (21) and this association has been described in the Iranian population 
in some studies (279, 280). Moreover, in a case-control study from 2017 investigating 
the relationship between different environmental factors and MS in Iran, the authors 
found that sun exposure was significantly associated with a decreased risk of MS, OR 
0.09 (95% CI 0.02–0.38) (281). Together, our results suggest that a presumed genetic 
predisposition in the Iranian population combined with environmental factors in the 
host country may contribute to their susceptibility.  

Common also with the study in Oslo was the small number of pwMS from Asia, Africa, 
and Central and South America which precludes further interpretations. 

As already outlined in the previous section (Methodological considerations), there were 
some shortcomings in Paper II-III such as possible selection bias due to the lack of data 
from the primary health care services and potential older cases before the establishment 
of the NPR, which might account for underestimation of our incidence and prevalence 
figures. Moreover, incomplete or missing medical charts, but given the small numbers 
it should be negligible. In addition, as for Paper III, we cannot preclude a different 
threshold for seeking medical attention in immigrants with mild symptoms, which 
might bias the prevalence figures. 
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Clinical characteristics 

To our knowledge Paper III is the first study in Sweden investigating disease severity 
in immigrants with MS. We found a pattern of higher disability among non-Western 
immigrants compared to Scandinavians which is in line with previous studies from the 
US (164), Canada (162), France (160, 163) and Norway (159). 

Older age at onset, time to clinically definitive disease (CD),  and polysymptomatic 
onset are some of the classical potential “red flags” indicating poorer long-term 
prognosis (282). Interestingly, we found increased disability progression among non-
Western immigrants even though all these characteristics were exactly the opposite of 
what would be expected based on the classical view. The anatomical region of the first 
relapse has also been suggested as a prognostic marker, with some studies showing a 
more favourable prognosis for onset with ON (153, 181). This was the most frequent 
localization at onset for both Scandinavians and Western immigrants. The most 
common among the non-Western group was brainstem/cerebellum, which has been 
associated with a less favourable outcome (153). A natural question in this context is 
whether all individuals had equal health care system access or not. As to the previous 
studies from France and Norway (159, 160, 163) we found no differences in time to 
diagnosis or time to treatment which might indicate equal access to the health care 
system. The proportion of pwMS with any DMT ever was higher among non-
Westerners compared to Scandinavians which confirms equal availability of medical 
services and might indicate a more severe disease. However, considering that the first 
DMT were not available until 1993, it could also reflect a longer disease duration 
among Scandinavians, with a higher proportion of pwMS in this group not suitable for 
treatment when this became available. 

An additional concern when looking into DMT is our finding of a negligible use of 
second-line therapy (both ever and as first choice) among non-Western immigrants. 
For natural reasons, the only second-line treatment in our study was natalizumab. The 
introduction of natalizumab in our department was delayed due to economic 
restrictions which could explain the limited number of pwMS on this therapy. 
However, it raises the question whether the threshold for switching therapy was 
different due to factors such as different coping strategies among groups when dealing 
with information on potential severe side-effects or the challenge of sharing complex 
information through a translator.  

As outlined in the previous section, genetic and environmental factors may interact and 
contribute to differences in disease frequency among groups. Thus, assuming equal 
access to adequate medical services, differences in severe disease between groups raise 
the question whether such factors contribute to differences in disease disability. Moving 
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from geographical areas with low/medium MS risk to a high-risk area may suggest a 
crucial role for environmental factors. Moving to Norway or Sweden from more 
southern countries implies changing to higher latitude and reduced sun exposure, 
which may be one of the unknown environmental factors. On the other hand, little is 
known about the clinical characteristics of the disease in non-Western countries. In a 
contemporary study from the MENA region, the median time to reach an EDSS score 
of 6.0 was 15.7 years, which is shorter than reported in Western countries. EDSS 6 
corresponds to substantial ambulatory disability and the need of ambulatory devices. 
This survey was a registry study establish in 2016 by the Committee for the treatment 
of MS in the region (MENACTRIMS) in order to register individuals with MS from 
the area. Given that all data were retrospectively collected with no predefined criteria 
for clinical parameters, and the big differences in access to DMT within the region and 
probably also to the health care system, it is not possible to draw firm conclusions (283). 
Nevertheless, a recent review of available literature including clinical and 
immunological studies comparing outcomes among “Whites”, “Black/African 
Americans” and “Hispanic/Latinx” pwMS  established the presence of heightened 
humoral responses in the two last groups which may be associated with disease severity 
(284). Thus, a pattern of disability connate to certain groups may explain the findings 
in our study, but further research is needed. 

Some limitations have already been presented, but two important limitations common 
to many of the published studies should be mentioned. The first is the lack of data on 
socioeconomic status. The second is the “migration bias”, i.e. immigrants are usually 
healthier, younger and of higher socioeconomic status than those who do not emigrate, 
possibly making them less representative of their country of origin. 

Paper IV 

Incidence 

We found an incidence of 3.5/100,000 (95% CI 2.6–4.6 ) during 2001–2010 which 
is similar to the estimate from a regional study in the province of Girona in 2009, which 
also applied the concept of onset-adjusted incidence (238). Notably, the incidence was 
lower than in the former study in the Alt Empordà (285) which may be explained by 
methodological differences since diagnosis in the pilot study relied on date of diagnosis, 
and only immigrants that had moved to the area before the age of 15 had been included. 

An increase in incidence rates over time in Spain has recently been reported in a 
systematic review of published literature between 1968 and 2018 (286). Interestingly, 
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that was not the case in our study in which we found an incidence of 1.6/100,000 (95% 
CI 1.1–2.5) during 2011–2020. Generally, a decrease in incidence may reflect a real 
decline in the frequency of a disease or be a false decrease. Different factors, such as a 
higher threshold among the population for seeking medical attention, restrictions in 
the availability of medical services, or less awareness among primary health care 
physicians, may lead to lower figures. Considering the impact of the Covid-19 
pandemic in Catalonia, some of these factors may have been present at the end of the 
study period, favouring the idea of a false decrease. On the other hand, current 
knowledge indicates that there has been an increase in incidence during the last century 
followed by a stabilization or maybe a decrease (93), which may support the idea of a 
true decrease in incidence.   

Prevalence 

This is the first epidemiological study in Spain using the concept of onset-adjusted 
prevalence. We found a prevalence of 75/100,000 (95% CI 61–90) in 2010, followed 
by slightly higher figures in 2020: 81/100,000 (95% CI 68–98). In the previous survey 
in the Alt Empordà, the prevalence in 2006 was 63/100,000 (95% CI 50– 79), which 
is difficult to compare with the current figures due to the previously mentioned 
differences in methodology. Demographical changes and the decrease in incidence may 
explain the modest increase in prevalence between decades. 

Overall, it is difficult to make comparisons with previous studies on MS prevalence in 
Spain since all were based on date of diagnosis.  There is only one other contemporary 
study in Catalonia, showing a prevalence of 80/100,000 (95% CI 66– 96) in 2008 in 
Osona, central Catalonia.  

Our results are in agreement with the geographical distribution model of Kurtzke, 
which placed Catalonia and the rest of Spain in the medium-prevalence band. 
However, other studies in the last decades have shown higher prevalence figures, 
suggesting that Spain should be considered a medium to high-risk area. Excluding the 
study from Ourense, the highest MS prevalence in Spain so far was reported in 2015 
in Santiago de Compostela, in the northwest part of the country. The authors found a 
prevalence of 152/100,000 (95% CI 127–176) which is in contrast with the rest of the 
country, especially the Mediterranean coast. Different genetic ancestors (i.e. Celtic in 
the northwest) together with more sun exposure (essential to D vitamin production) in 
the Mediterranean, have been proposed as potential explanations (Figure 15). 
Prevalence figures in our study were both lower than in Santiago de Compostela, which 
may support these explanations as well as the proposed interplay between genetic 
susceptibility and environmental factors.  
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Figure 15. Map representing the mean sun irradiation in Spain, created by AEMET, the State 
Meteorological Agency of Spain with data from EUMESAT (European Organisation for the Exploitation of 
Meteorological Satellites) (287). 
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Future perspectives 

Paper I is part of a larger national project focusing on different environmental exposures 
and the risk for MS. The project has already resulted in several publications, with 
contributions to several of them by this author (73-75, 92, 288, 289). Further research 
with focus on interactions between different exposures is much needed.  

Regarding vitamin D specifically, given that all published nested case-control studies 
so far used different methods to measure vitamin D, and did not include data on 
socioeconomic status, a multinational study including sociodemographic factors and 
applying the gold standard method LC-MS/MS for measuring vitamin D  would have 
the additional strength of a large study population and uniform analyses methods to 
increase generalisability.  

Considering that the overall aim of this thesis was to gain insight into the epidemiology 
of MS in the City of Malmö, future research will include an extension study in the 
same geographical area. Such a study will focus on incidence 2010–2020 and point 
prevalence 2020 as well as essential sociodemographic factors. In addition, other 
variables such as estimations of incidence and prevalence among second-generation 
immigrants and the economic burden of the disease would be of interest. 

In view of the results in Paper IV, an overview of the healthcare network in the Alt 
Empordà is already ongoing. In addition, an extension study with focus on incidence 
2011–2025 and point prevalence 2025 could be considered, in order to specifically 
address temporal trends. 

Finally, it is important to acknowledge that the upcoming update of the diagnostic 
criteria for MS will probably increase the number of cases detected. It will be essential 
to address this question when interpreting future study results.  
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Conclusions 

The present work provides further support for the association between high serum 
vitamin D concentrations and a reduced risk of developing MS. In addition, this thesis 
constitutes the first population-based epidemiology study on MS in the City of Malmö 
and the first study in Sweden looking at disability progression among immigrants and 
the native population. Moreover, we have established a very valuable foundation for 
future follow-up studies. Finally, our results are in agreement with previous work 
suggesting that the northwest of Spain is a higher risk area for MS compared to the 
Mediterranean coast. 

The conclusions are: 

Paper I 

Relatively higher 25-hydroxyvitamin D concentrations were associated with a reduced 
risk of developing MS. This protective effect was not more pronounced in young 
individuals. 

High serum vitamin D concentrations may have a protective role against MS. 

Paper II 

The first population-based observational study on MS in the City of Malmö, southern 
Sweden, showed high incidence and prevalence figures, although lower than expected, 
possibly due to methodological differences between our study and previous nationwide 
surveys. 

Together with previous reports, our results support the presence of a latitude gradient 
of MS prevalence in Sweden. 

Paper III 

First-generation immigrants (Western and non-Western) had lower MS prevalence 
than the Scandinavian population. 
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No diagnosis or treatment delayed was identified across the groups. 

Non-Western immigrants had a more rapid disease progression than the Scandinavians. 
It is unclear whether genetic susceptibility and/or environmental factors after migration 
are responsible for the pattern of disability. 

Paper IV 

Incidence and prevalence figures in the Alt Empordà are consistent with Kurtzke´s 
distribution model, i.e. Spain being located in the medium risk area. 

The incidence in the second decade of study was lower than expected. It is unclear 
whether this reflects a true decrease in incidence or a consequence of demographical 
changes and the Covid-19 pandemic. 

The prevalence in the Alt Empordà was lower than in the northeast of Spain, possibly 
due to different genetic ancestors and more sun exposure. 
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Populärvetenskaplig sammanfattning  

Bakgrund 

Multipel skleros (MS) är en kronisk neurologisk sjukdom som drabbar ungefär dubbelt 
så många kvinnor som män. Sjukdomen påverkar det centrala nervsystemet vilket 
innebär att symtomen kommer från hjärnan och/eller ryggmärgen. Vanliga symtom är 
balans- och koordinationsstörningar, pareser, domningar, stickningar, suddig syn eller 
dubbelseende, men även ”dolda symtom” såsom trötthet, smärta, påverkan på 
arbetsminne och blås- samt tarmrubbningar förekommer. Vanligast är att insjukna 
mellan 20 och 40 års ålder. Utan behandling leder MS oftast till någon form av 
neurologisk funktionsnedsättning och efter 15–20 år med sjukdomen behöver ungefär 
hälften av de drabbade någon form av gånghjälpmedel. 

Ingen vet den exakta orsaken till MS men det finns idag en bred enighet bland forskare 
om att MS är en autoimmun sjukdom vilket innebär att kroppens immunsystem 
angriper den egna kroppen. I MS fall betyder detta att immunförsvaret ger sig på 
nervtrådar i hjärnan och ryggmärgen och förstör myelinet, en fettliknande substans som 
omger och stödjer nervtrådar samt gör att dessa kan leda impulser snabbt. Vad som 
orsakar denna felaktiga reaktion är okänt, men den rådande hypotesen är att det är ett 
komplext samspel mellan ärftliga och miljömässiga faktorer såsom Epstein-barr virus, 
låga nivåer av D-vitamin, rökning och övervikt i ungdomen. 

Förekomsten av MS är inte jämnt fördelad över världen utan blir högre på både norra 
och södra halvklotet ju längre man kommer från ekvatorn. Dessa skillnader har länge 
misstänkts vara kopplade till solljusexponering som för många är den viktigaste källan 
till D-vitamin. Vissa folkgrupper med lägre förekomst av MS verkar utveckla en 
allvarligare sjukdom. Anledning till detta är okänd. 

Målsättning 
Delarbete I handlar om D-vitamins roll för uppkomsten av MS medan Delarbete II 
och III är en kartläggning och beskrivning av MS i Malmö Stad med särskilt fokus på 
skillnader mellan individer av olika ursprung. Delarbete IV är en kartläggning av MS i 
L`Alt Empordà i nordöstra Catalonien med fokus på ändringar över tid. 
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Frågeställningar 

Delarbete I:  
Har höga nivåer av D-vitamin en skyddande effekt mot uppkomsten av MS? I 
förekommande fall, är effekten mest framträdande bland yngre individer? 

Delarbete II:  
Vilken var incidensen (antal nya fall) av MS i Malmö Stad under perioden 2001–2010? 

Vilken var prevalensen (andel individer) av MS i Malmö Stad den 31 december 2010? 

Delarbete III: 
Vilken var prevalensen av MS i Malmö Stad den 31 december 2010 bland individer 
med svensk bakgrund respektive invandrare? 

Fanns det skillnader i sjukdomens uttryckt bland individer med svensk bakgrund 
respektive invandrare? 

Delarbete IV: 
Vilken var incidensen (antal nya fall) av MS i L´Alt Empordà under perioden 2001–
2010 och 2011–2020? 

Vilken var prevalensen (andel individer) av MS i L´Alt Empordà den 31 december 2010 
och 2020? 

Metod 

Delarbete I: Blodprover från individer som senare utvecklat MS identifierades genom 
samkörning av sex svenska biobanker, svenska MS-registret eller en lokal MS-databas i 
Umeå. D-vitaminnivåer mättes med hjälp av vätskekromatografi-
tandemmasspektrometri som anses vara standardmetod. Sammanlagt analyserades 
biobanksprover från 665 individer med MS och lika många matchade friska kontroller. 
Matchning gjordes för biobank, kön, provtagningsdatum samt provtagningsålder. 
Matchning innebär att kontroller väljs ut så att fall och kontroller blir mer jämförbara 
avseende vissa viktiga egenskaper för det utfall som studeras. 

Delarbete II och III: I ett första steg identifierades potentiella MS-fall genom 
samkörning av olika register (Patientregistret och Dödsorsaksregistret från 
Socialstyrelsen, svenska MS-registret och Registret över totalbefolkningen från SCB). I 
ett andra steg genomfördes en strukturerad journalgranskning för att fastställa vilka 
individer som uppfyllde gängse diagnoskriteria för MS och relevanta data (datum för 
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första symtom, datum för diagnos, kön, typ av förlopp, karaktär av första symtom, 
förskrivning av bromsmedicin, grad av funktionsnedsättning) registreras. 

Delarbete IV: I ett förta steg identifierades potentiella MS-fall genom en lokal MS-
databas i Figueres och registret över totalbefolkningen från Katalonien. I ett andra steg 
genomfördes en strukturerad journalgranskning för att fastställa vilka individer som 
uppfyllde gängse diagnoskriteria för MS och relevanta data (datum för första symtom, 
kön, typ av förlopp, förskrivning av bromsmedicin och grad av funktionsnedsättning) 
registreras. 

Resultat 

Delarbete I: Höga nivåer av D-vitamin var associerat med minskad MS-risk.  

Delarbete II: 

Incidensen av MS i Malmö Stad 2001–2010 var 5.3/100 000. 

Prevalensen av MS i Malmö Stad 2010 var 133/100 000 vilket innebär sammanlagt 
397 individer med MS. 

Delarbete III: 

Förekomsten av MS bland första generationens invandrare var lägre än för individer 
med svensk bakgrund. 

Icke-västerländska invandrare hade en snabbare grad av sjukdomsprogression än 
skandinaver trots likvärdig tillgång till specialistsjukvården. 

Delarbete IV: 

Incidensen av MS i L´Alt Empordà var 3.5/100 000 under perioden 2001–2010 och 
1.6/100 000 under perioden 2011–2020. 

MS prevalens i L´Alt Empordà var 75/100 000 2010 och 81/100 000 2020 vilket 
innebär sammanlagt 103 respektive 114 individer med MS. 

Betydelse 

Detta arbete ger ytterligare stöd till sambandet mellan höga D-vitaminnivåer i serum 
och en minskad risk att utveckla MS. Dessutom utgör denna avhandling den första 
populationsbaserade epidemiologiska studien om MS i Malmö stad och den första 
studien i Sverige som studerar utvecklingen av funktionshinder utifrån individens 
ursprung. Därutöver har vi skapat en värdefull grund för ytterligare uppföljningsstudier 
såväl i Malmö som i L´Alt Empordà. 



95 

Acknowledgements  

As a parent, I am familiar with the famous quote “It takes a village to raise a child”. 
Well, I would like to state that “It also takes a village to raise a thesis”. I am therefore 
deeply grateful to many people who have made this achievement possible. Big village 
to say the least.  

 

Main supervisor Hélène Pessah-Rasmussen and co-supervisors Peter Sundström, 
Elisabet Zia and Olga Carmona i Codina 

Hélène, for believing in me and the project from the very beginning. It is complicated 
to go against the flow, but you really understood my will and I am really grateful for 
your support along the way. And yes, I´m fairly sure Kafka has been around all along. 
Thank you for your warmth, enthusiasm, creativity and flexibility, no matter research, 
work, or life. Even though life got in the way your commitment has never faltered. 
Moltes gràcies! 

Peter, for joining the project and sharing your broad expertise. Thank you for 
introducing me to the biobank research and for your meticulous guidance. It has been 
a privilege to work with you. 

Elisabet, for your encouragement, kindness and pragmatism, along with your ability to 
see both the big picture and essential details. Thank you for being a valuable down-to-
earth puzzle piece. 

Olga, for your generosity and unwavering support, from older fellow mate at the MS 
Unit in Bellvitge, Barcelona, to co-supervisor in this thesis. You may have joined the 
group quite late, but Catalonia have saved the project. ¡Visca l´Alt Empordà! 

 

Former and current head of the neurology department in Malmö, Marco Brizzi, 
Jesper Petersson, Christer Nilsson and Stefan Olsson Hau 

Marco, for employing me as a neurologist back in 2005 and for asking me to take care 
of MS care in Malmö. 



96 

Jesper, for encouraging me to go ahead with research and providing relevant feedback 
in my half-time review. 

Christer, for encouraging me to continue with research and giving me time for it. Thank 
you for wise comments and reflections before the final sprint. It is a privilege to have 
you as the chairman on the defence day.  

Stefan, for your understanding, pragmatism and generosity. Looking forward to being 
back!  

 

Former and current members of the MS team in Malmö for professional care of our 
MS patients and for making my life as MS doctor much easier. I can´t figure out how 
I would manage to drive MS care on my own. Special thanks to: 

Thomas and Cecilia, for your ability to sort out what´s essential at a given moment so I 
could focus on the project.  

Anikó and Maha, for keeping discussions on Mc Donald´s criteria and differential 
diagnosis alive.  

Laila and Lotta for your commitment even though extraordinary  circumstances 
sometimes so I could keep forward with my thesis. 

Jaana for your kindness.  

Linnea and Isak for your enthusiasm so far. 

Special mention to Lena André-Petersson (in memoriam) for critical reading and 
insightful comments on the original project.  

 

All the colleagues at the Neurology department in Malmö for their interest and 
support along the way. Special thanks to: 

Maria Macek, Eva Ask, Anikó Kuris and Maha Yektay-Farahmand for periodically lessen 
my workload.  

Petrea Frid, for kind encouragement and for invaluable covert art and proof reading. 

Mats Rosvall, Markus Stiehm and Marie Eriksen, for being responsive to my requests 
when dealing with the schedule at the clinic. 

Camilla X Andersson (in memoriam) and Maria Green, for countless administrative 
help. 

 



97 

Other colleagues and co-workers 

All those colleagues responsible for invaluable medical documentation long before this 
project was born. Special mention to Magnhild Sandberg-Wollheim, it is hard to find 
better documentation. 

Yasin Kisa from providing data from the National Board of Health and Welfare. 

Statistics Sweden for providing data and a special mention to Sabri Danesh for kind 
and useful advice. 

All personal at the Regional Archive in Lund. 

Peter Centerfeldt for administrative support with the database. 

Axel Ström, for your patience, kindness and pedagogic skills when guiding me through 
statistics. 

Cristina Masuet Aumatell, for your kindness and availability despite your demanding 
schedule. Moltes gràcies! 

Martin Biström, first author in Paper I, for sharing your material and for always taking 
the time to answer my questions. 

Oluf Andersen (in memoriam), Daniel Jons, Martin Gunnarsson, Magnus Vrethem and 
Johan Hultdin for co-authoring Paper I. 

Lorena Díaz-Echezarreta, for co-authoring Paper IV. 

Hector Perkal, Lluis Ramió, Mar Tintoré, Jacint Caula and all the physicians at the 
primary care centers in the Alt Empordà (Figueres, Roses, Llança, Peralada, Vilafant, 
Bàscara, lÉscala and La Jonquera) for making possible to establish the Figueres MS 
registry. 

Isabel Gonçalves, for kind mentorship. 

Senior colleagues at the department of Rehabilitation medicine Ursula Heldmann, Mats 
Rosvall and Håkon Ro for your kindness so I could combine my duties in both 
neurology and rehabilitation with this thesis. 

Txomin Arbizu (in memoriam), former head of the MS Unit in Bellvitge, for 
introducing me to the MS research world and for encouraging me when I decided to 
move to northern latitudes.  

Family and friends 

A special thought to my mom, no longer among us, I wish I could have experienced this 
with you. 



98 

My sister Paloma, for providing precious design support and last minute adjustments 
without hesitation, but above all, for always being there. Sergi, best brother in law ever, 
for emotional support when life got in the way and your always perfect omelettes. 

Johhny and Ann-Marie, my parents in law, for the love and support that you have 
provided to our family. 

Toni, for your kindness along the way and emotional support when dealing with 
absurdity. 

Selma, Teo, Lisa and Hanna;  my beloved children, the book is finally ready! Thank 
you for your patience and curiosity and for reminding me what´s important in life. I´m 
so proud of you! And for the records: I haven´t forgotten Beyoncé, thank you! 

And finally, but not least, my loving husband Paul, for endless understanding, 
encouraging and support, especially in the final sprint (and mess). I´m lucky to have 
you. I love you! 

 

All patients and their families 

Funding: This thesis was in part supported by grants from the Elsa Schmitz 
Foundation, the Promobilia Foundation, the Lund Medical Society, Neuro Sweden 
and Novartis. 



99 

References 

 
1. Filippi M, Bar-Or A, Piehl F, Preziosa P, Solari A, Vukusic S, et al. Multiple sclerosis. 

Nat Rev Dis Primers. 2018;4(1):43. 
2. Dobson R, Giovannoni G. Multiple sclerosis - a review. Eur J Neurol. 2019;26(1):27-

40. 
3. Kobelt G, Eriksson J, Phillips G, Berg J. The burden of multiple sclerosis 2015: 

Methods of data collection, assessment and analysis of costs, quality of life and 
symptoms. Mult Scler. 2017;23(2_suppl):4-16. 

4. Scalfari A, Knappertz V, Cutter G, Goodin DS, Ashton R, Ebers GC. Mortality in 
patients with multiple sclerosis. Neurology. 2013;81(2):184-92. 

5. Hartung HP, Aktas O, Menge T, Kieseier BC. Immune regulation of multiple sclerosis. 
Handb Clin Neurol. 2014;122:3-14. 

6. Hemmer B, Kerschensteiner M, Korn T. Role of the innate and adaptive immune 
responses in the course of multiple sclerosis. Lancet Neurol. 2015;14(4):406-19. 

7. Riedhammer C, Weissert R. Antigen Presentation, Autoantigens, and Immune 
Regulation in Multiple Sclerosis and Other Autoimmune Diseases. Front Immunol. 
2015;6:322. 

8. Li R, Patterson KR, Bar-Or A. Reassessing B cell contributions in multiple sclerosis. Nat 
Immunol. 2018;19(7):696-707. 

9. Kutzelnigg A, Lassmann H. Pathology of multiple sclerosis and related inflammatory 
demyelinating diseases. Handb Clin Neurol. 2014;122:15-58. 

10. Trapp BD, Peterson J, Ransohoff RM, Rudick R, Mork S, Bo L. Axonal transection in 
the lesions of multiple sclerosis. N Engl J Med. 1998;338(5):278-85. 

11. Lassmann H. Pathology and disease mechanisms in different stages of multiple sclerosis. 
J Neurol Sci. 2013;333(1-2):1-4. 

12. Baranzini SE, Oksenberg JR. The Genetics of Multiple Sclerosis: From 0 to 200 in 50 
Years. Trends Genet. 2017;33(12):960-70. 

13. Hansen T, Skytthe A, Stenager E, Petersen HC, Bronnum-Hansen H, Kyvik KO. 
Concordance for multiple sclerosis in Danish twins: an update of a nationwide study. 
Mult Scler. 2005;11(5):504-10. 



100 

14. Kuusisto H, Kaprio J, Kinnunen E, Luukkaala T, Koskenvuo M, Elovaara I. 
Concordance and heritability of multiple sclerosis in Finland: study on a nationwide 
series of twins. Eur J Neurol. 2008;15(10):1106-10. 

15. Willer CJ, Dyment DA, Risch NJ, Sadovnick AD, Ebers GC, Canadian Collaborative 
Study G. Twin concordance and sibling recurrence rates in multiple sclerosis. Proc Natl 
Acad Sci U S A. 2003;100(22):12877-82. 

16. Westerlind H, Imrell K, Ramanujam R, Myhr KM, Celius EG, Harbo HF, et al. 
Identity-by-descent mapping in a Scandinavian multiple sclerosis cohort. Eur J Hum 
Genet. 2015;23(5):688-92. 

17. Westerlind H, Ramanujam R, Uvehag D, Kuja-Halkola R, Boman M, Bottai M, et al. 
Modest familial risks for multiple sclerosis: a registry-based study of the population of 
Sweden. Brain. 2014;137:770-8. 

18. Ebers GC, Sadovnick AD, Risch NJ, Bulman D, Rice GPA, Hashimoto SA, et al. A 
Genetic-Basis for Familial Aggregation in Multiple-Sclerosis. Nature. 
1995;377(6545):150-1. 

19. Harirchian MH, Fatehi F, Sarraf P, Honarvar NM, Bitarafan S. Worldwide prevalence 
of familial multiple sclerosis: A systematic review and meta-analysis. Hand Clinic. 
2018;20:43-7. 

20. Patsopoulos NA. Genetics of Multiple Sclerosis: An Overview and New Directions. 
Cold Spring Harb Perspect Med. 2018;8(7). 

21. Olsson T, Barcellos LF, Alfredsson L. Interactions between genetic, lifestyle and 
environmental risk factors for multiple sclerosis. Nat Rev Neurol. 2017;13(1):25-36. 

22. Miclea A, Bagnoud M, Chan A, Hoepner R. A Brief Review of the Effects of Vitamin D 
on Multiple Sclerosis. Front Immunol. 2020;11:781. 

23. Holick MF. Vitamin D deficiency. N Engl J Med. 2007;357(3):266-81. 
24. Brustad M, Meyer HE. Vitamin D - a scoping review for Nordic nutrition 

recommendations 2023. Food Nutr Res. 2023;67. 
25. Snellman G, Melhus H, Gedeborg R, Byberg L, Berglund L, Wernroth L, et al. 

Determining vitamin D status: a comparison between commercially available assays. 
PLoS One. 2010;5(7):e11555. 

26. Alexandridou A, Schorr P, Stokes CS, Volmer DA. Analysis of vitamin D metabolic 
markers by mass spectrometry: Recent progress regarding the "gold standard" method 
and integration into clinical practice. Mass Spectrom Rev. 2023;42(5):1647-87. 

27. Gil A, Plaza-Diaz J, Mesa MD. Vitamin D: Classic and Novel Actions. Ann Nutr 
Metab. 2018;72(2):87-95. 

28. Wang YJ, Zhu JG, DeLuca HF. Where is the vitamin D receptor? Arch Biochem 
Biophys. 2012;523(1):123-33. 



101 

29. Chick H DE, Hume EM, Mackay HMM, Henderson-Smith H. The aetiology of rickets 
in infants: prophylactic and curative observations at the Vienna University Kinderklinik. 
Lancet. 1922;200(5157):7-11. 

30. McCollum EV SN, Ernestine Becker J, Shipley PG. Studies on experimental rickets: 
XXI. An experimental demonstration of the existence of a vitamin which promotes 
calcium deposition. Journal of Biological Chemistry. 1922;53(2):293-312. 

31. Prietl B, Treiber G, Pieber TR, Amrein K. Vitamin D and immune function. Nutrients. 
2013;5(7):2502-21. 

32. Baeke F, Takiishi T, Korf H, Gysemans C, Mathieu C. Vitamin D: modulator of the 
immune system. Curr Opin Pharmacol. 2010;10(4):482-96. 

33. Goldberg P. Multiple Sclerosis - Vitamin D and Calcium as Environmental 
Determinants of Prevalence (a Viewpoint) .1. Sunlight, Dietary Factors and 
Epidemiology. Int J Environ Stud. 1974;6(1):19-27. 

34. Goldberg P, Fleming MC, Picard EH. Multiple sclerosis: decreased relapse rate through 
dietary supplementation with calcium, magnesium and vitamin D. Med Hypotheses. 
1986;21(2):193-200. 

35. Mowry EM, Krupp LB, Milazzo M, Chabas D, Strober JB, Belman AL, et al. Vitamin 
D status is associated with relapse rate in pediatric-onset multiple sclerosis. Ann Neurol. 
2010;67(5):618-24. 

36. Simpson S, Jr., Taylor B, Blizzard L, Ponsonby AL, Pittas F, Tremlett H, et al. Higher 
25-hydroxyvitamin D is associated with lower relapse risk in multiple sclerosis. Ann 
Neurol. 2010;68(2):193-203. 

37. Mowry EM, Waubant E, McCulloch CE, Okuda DT, Evangelista AA, Lincoln RR, et 
al. Vitamin D status predicts new brain magnetic resonance imaging activity in multiple 
sclerosis. Ann Neurol. 2012;72(2):234-40. 

38. Runia TF, Hop WC, de Rijke YB, Buljevac D, Hintzen RQ. Lower serum vitamin D 
levels are associated with a higher relapse risk in multiple sclerosis. Neurology. 
2012;79(3):261-6. 

39. Munger KL, Levin LI, Hollis BW, Howard NS, Ascherio A. Serum 25-hydroxyvitamin 
D levels and risk of multiple sclerosis. JAMA. 2006;296(23):2832-8. 

40. Salzer J, Hallmans G, Nystrom M, Stenlund H, Wadell G, Sundstrom P. Vitamin D as 
a protective factor in multiple sclerosis. Neurology. 2012;79(21):2140-5. 

41. Munger KL, Hongell K, Aivo J, Soilu-Hanninen M, Surcel HM, Ascherio A. 25-
Hydroxyvitamin D deficiency and risk of MS among women in the Finnish Maternity 
Cohort. Neurology. 2017;89(15):1578-83. 

42. Munger KL, Zhang SM, O'Reilly E, Hernan MA, Olek MJ, Willett WC, et al. Vitamin 
D intake and incidence of multiple sclerosis. Neurology. 2004;62(1):60-5. 



102 

43. Cortese M, Riise T, Bjornevik K, Holmoy T, Kampman MT, Magalhaes S, et al. 
Timing of use of cod liver oil, a vitamin D source, and multiple sclerosis risk: The 
EnvIMS study. Mult Scler. 2015;21(14):1856-64. 

44. Baarnhielm M, Olsson T, Alfredsson L. Fatty fish intake is associated with decreased 
occurrence of multiple sclerosis. Mult Scler. 2014;20(6):726-32. 

45. WHO. Ultraviolet radiation  [Available from: https://www.who.int/health-
topics/ultraviolet-radiation#tab=tab_1. 

46. Engelsen O. The relationship between ultraviolet radiation exposure and vitamin D 
status. Nutrients. 2010;2(5):482-95. 

47. D'Orazio J, Jarrett S, Amaro-Ortiz A, Scott T. UV radiation and the skin. Int J Mol Sci. 
2013;14(6):12222-48. 

48. Bernard JJ, Gallo RL, Krutmann J. Photoimmunology: how ultraviolet radiation affects 
the immune system. Nat Rev Immunol. 2019;19(11):688-701. 

49. Acheson ED, Bachrach CA, Wright FM. Some comments on the relationship of the 
distribution of multiple sclerosis to latitude, solar radiation, and other variables. Acta 
Psychiatr Scand Suppl. 1960;35(147):132-47. 

50. McMichael AJ, Hall AJ. Does immunosuppressive ultraviolet radiation explain the 
latitude gradient for multiple sclerosis? Epidemiology. 1997;8(6):642-5. 

51. Baarnhielm M, Hedstrom AK, Kockum I, Sundqvist E, Gustafsson SA, Hillert J, et al. 
Sunlight is associated with decreased multiple sclerosis risk: no interaction with human 
leukocyte antigen-DRB1*15. Eur J Neurol. 2012;19(7):955-62. 

52. Kampman MT, Wilsgaard T, Mellgren SI. Outdoor activities and diet in childhood and 
adolescence relate to MS risk above the Arctic Circle. J Neurol. 2007;254(4):471-7. 

53. van der Mei IA, Ponsonby AL, Dwyer T, Blizzard L, Simmons R, Taylor BV, et al. Past 
exposure to sun, skin phenotype, and risk of multiple sclerosis: case-control study. BMJ. 
2003;327(7410):316. 

54. Westberg M, Feychting M, Jonsson F, Nise G, Gustavsson P. Occupational exposure to 
UV light and mortality from multiple sclerosis. Am J Ind Med. 2009;52(5):353-7. 

55. Breuer J, Schwab N, Schneider-Hohendorf T, Marziniak M, Mohan H, Bhatia U, et al. 
Ultraviolet B light attenuates the systemic immune response in central nervous system 
autoimmunity. Ann Neurol. 2014;75(5):739-58. 

56. Navid F, Bruhs A, Schuller W, Fritsche E, Krutmann J, Schwarz T, et al. The Aryl 
hydrocarbon receptor is involved in UVR-induced immunosuppression. J Invest 
Dermatol. 2013;133(12):2763-70. 

57. Rana S, Rogers LJ, Halliday GM. Systemic low-dose UVB inhibits CD8 T cells and skin 
inflammation by alternative and novel mechanisms. Am J Pathol. 2011;178(6):2783-91. 

58. Mokry LE, Ross S, Ahmad OS, Forgetta V, Smith GD, Goltzman D, et al. Vitamin D 
and Risk of Multiple Sclerosis: A Mendelian Randomization Study. PLoS Med. 
2015;12(8):e1001866. 



103 

59. Rhead B, Baarnhielm M, Gianfrancesco M, Mok A, Shao X, Quach H, et al. Mendelian 
randomization shows a causal effect of low vitamin D on multiple sclerosis risk. Neurol 
Genet. 2016;2(5):e97. 

60. Murray J. Infection as a cause of multiple sclerosis. BMJ. 2002;325(7373):1128. 
61. Kuri A, Jacobs BM, Vickaryous N, Pakpoor J, Middeldorp J, Giovannoni G, et al. 

Epidemiology of Epstein-Barr virus infection and infectious mononucleosis in the 
United Kingdom. BMC Public Health. 2020;20(1):912. 

62. Balfour HH, Jr., Odumade OA, Schmeling DO, Mullan BD, Ed JA, Knight JA, et al. 
Behavioral, virologic, and immunologic factors associated with acquisition and severity 
of primary Epstein-Barr virus infection in university students. J Infect Dis. 
2013;207(1):80-8. 

63. Warner HB, Carp RI. Multiple sclerosis and Epstein-Barr virus. Lancet. 
1981;2(8258):1290. 

64. Bray PF, Bloomer LC, Salmon VC, Bagley MH, Larsen PD. Epstein-Barr virus 
infection and antibody synthesis in patients with multiple sclerosis. Arch Neurol. 
1983;40(7):406-8. 

65. Larsen PD, Bloomer LC, Bray PF. Epstein-Barr nuclear antigen and viral capsid antigen 
antibody titers in multiple sclerosis. Neurology. 1985;35(3):435-8. 

66. Sumaya CV, Myers LW, Ellison GW. Epstein-Barr virus antibodies in multiple sclerosis. 
Arch Neurol. 1980;37(2):94-6. 

67. Pakpoor J, Disanto G, Gerber JE, Dobson R, Meier UC, Giovannoni G, et al. The risk 
of developing multiple sclerosis in individuals seronegative for Epstein-Barr virus: a 
meta-analysis. Mult Scler. 2013;19(2):162-6. 

68. Thacker EL, Mirzaei F, Ascherio A. Infectious mononucleosis and risk for multiple 
sclerosis: a meta-analysis. Ann Neurol. 2006;59(3):499-503. 

69. Bjornevik K, Cortese M, Healy BC, Kuhle J, Mina MJ, Leng Y, et al. Longitudinal 
analysis reveals high prevalence of Epstein-Barr virus associated with multiple sclerosis. 
Science. 2022;375(6578):296-301. 

70. Bjornevik K, Munz C, Cohen JI, Ascherio A. Epstein-Barr virus as a leading cause of 
multiple sclerosis: mechanisms and implications. Nat Rev Neurol. 2023;19(3):160-71. 

71. Thomas OG, Rickinson A, Palendira U. Epstein-Barr virus and multiple sclerosis: 
moving from questions of association to questions of mechanism. Clin Transl 
Immunology. 2023;12(5):e1451. 

72. Sedighi S, Gholizadeh O, Yasamineh S, Akbarzadeh S, Amini P, Favakehi P, et al. 
Comprehensive Investigations Relationship Between Viral Infections and Multiple 
Sclerosis Pathogenesis. Curr Microbiol. 2023;80(1). 

73. Engdahl E, Gustafsson R, Huang J, Bistrom M, Lima Bomfim I, Stridh P, et al. 
Increased Serological Response Against Human Herpesvirus 6A Is Associated With Risk 
for Multiple Sclerosis. Front Immunol. 2019;10:2715. 



104 

74. Bistrom M, Jons D, Engdahl E, Gustafsson R, Huang J, Brenner N, et al. Epstein-Barr 
virus infection after adolescence and human herpesvirus 6A as risk factors for multiple 
sclerosis. Eur J Neurol. 2021;28(2):579-86. 

75. Grut V, Bistrom M, Salzer J, Stridh P, Jons D, Gustafsson R, et al. Cytomegalovirus 
seropositivity is associated with reduced risk of multiple sclerosis-a presymptomatic case-
control study. Eur J Neurol. 2021;28(9):3072-9. 

76. Pakpoor J, Pakpoor J, Disanto G, Giovannoni G, Ramagopalan SV. Cytomegalovirus 
and multiple sclerosis risk. J Neurol. 2013;260(6):1658-60. 

77. WHO. WHO acceleration plan to stop obesity.; 2022. 
78. Versini M, Jeandel PY, Rosenthal E, Shoenfeld Y. Obesity in autoimmune diseases: not 

a passive bystander. Autoimmun Rev. 2014;13(9):981-1000. 
79. Rodriguez-Hernandez H, Simental-Mendia LE, Rodriguez-Ramirez G, Reyes-Romero 

MA. Obesity and inflammation: epidemiology, risk factors, and markers of 
inflammation. Int J Endocrinol. 2013;2013:678159. 

80. Ellulu MS, Patimah I, Khaza'ai H, Rahmat A, Abed Y. Obesity and inflammation: the 
linking mechanism and the complications. Arch Med Sci. 2017;13(4):851-63. 

81. Cao H. Adipocytokines in obesity and metabolic disease. J Endocrinol. 
2014;220(2):T47-59. 

82. Flier JS, Maratos-Flier E. Lasker lauds leptin. Cell. 2010;143(1):9-12. 
83. Procaccini C, La Rocca C, Carbone F, De Rosa V, Galgani M, Matarese G. Leptin as 

immune mediator: Interaction between neuroendocrine and immune system. Dev 
Comp Immunol. 2017;66:120-9. 

84. Hedstrom AK, Olsson T, Alfredsson L. High body mass index before age 20 is 
associated with increased risk for multiple sclerosis in both men and women. Mult Scler. 
2012;18(9):1334-6. 

85. Munger KL, Bentzen J, Laursen B, Stenager E, Koch-Henriksen N, Sorensen TI, et al. 
Childhood body mass index and multiple sclerosis risk: a long-term cohort study. Mult 
Scler. 2013;19(10):1323-9. 

86. Wesnes K, Riise T, Casetta I, Drulovic J, Granieri E, Holmoy T, et al. Body size and the 
risk of multiple sclerosis in Norway and Italy: the EnvIMS study. Mult Scler. 
2015;21(4):388-95. 

87. Munger KL, Chitnis T, Ascherio A. Body size and risk of MS in two cohorts of US 
women. Neurology. 2009;73(19):1543-50. 

88. Gianfrancesco MA, Acuna B, Shen L, Briggs FB, Quach H, Bellesis KH, et al. Obesity 
during childhood and adolescence increases susceptibility to multiple sclerosis after 
accounting for established genetic and environmental risk factors. Obes Res Clin Pract. 
2014;8(5):e435-47. 



105 

89. Mokry LE, Ross S, Timpson NJ, Sawcer S, Davey Smith G, Richards JB. Obesity and 
Multiple Sclerosis: A Mendelian Randomization Study. PLoS Med. 
2016;13(6):e1002053. 

90. Considine RV, Sinha MK, Heiman ML, Kriauciunas A, Stephens TW, Nyce MR, et al. 
Serum immunoreactive-leptin concentrations in normal-weight and obese humans. N 
Engl J Med. 1996;334(5):292-5. 

91. Matarese G, Di Giacomo A, Sanna V, Lord GM, Howard JK, Di Tuoro A, et al. 
Requirement for leptin in the induction and progression of autoimmune 
encephalomyelitis. J Immunol. 2001;166(10):5909-16. 

92. Bistrom M, Hultdin J, Andersen O, Alonso-Magdalena L, Jons D, Gunnarsson M, et al. 
Leptin levels are associated with multiple sclerosis risk. Mult Scler. 2021;27(1):19-27. 

93. Koch-Henriksen N, Magyari M. Apparent changes in the epidemiology and severity of 
multiple sclerosis. Nat Rev Neurol. 2021;17(11):676-88. 

94. Hernan MA, Olek MJ, Ascherio A. Cigarette smoking and incidence of multiple 
sclerosis. Am J Epidemiol. 2001;154(1):69-74. 

95. Riise T, Nortvedt MW, Ascherio A. Smoking is a risk factor for multiple sclerosis. 
Neurology. 2003;61(8):1122-4. 

96. Pekmezovic T, Drulovic J, Milenkovic M, Jarebinski M, Stojsavljevic N, Mesaros S, et 
al. Lifestyle factors and multiple sclerosis: A case-control study in Belgrade. 
Neuroepidemiology. 2006;27(4):212-6. 

97. Hedstrom AK, Baarnhielm M, Olsson T, Alfredsson L. Tobacco smoking, but not 
Swedish snuff use, increases the risk of multiple sclerosis. Neurology. 2009;73(9):696-
701. 

98. Salzer J, Hallmans G, Nystrom M, Stenlund H, Wadell G, Sundstrom P. Smoking as a 
risk factor for multiple sclerosis. Mult Scler. 2013;19(8):1022-7. 

99. Hedstrom AK, Hillert J, Olsson T, Alfredsson L. Smoking and multiple sclerosis 
susceptibility. Eur J Epidemiol. 2013;28(11):867-74. 

100. Manouchehrinia A, Tench CR, Maxted J, Bibani RH, Britton J, Constantinescu CS. 
Tobacco smoking and disability progression in multiple sclerosis: United Kingdom 
cohort study. Brain. 2013;136(Pt 7):2298-304. 

101. Ramanujam R, Hedstrom AK, Manouchehrinia A, Alfredsson L, Olsson T, Bottai M, et 
al. Effect of Smoking Cessation on Multiple Sclerosis Prognosis. JAMA Neurol. 
2015;72(10):1117-23. 

102. Schoeps VA, Cortese M, Munger KL, Mancuso JD, Niebuhr DW, Peng X, et al. 
Smoking and multiple sclerosis risk in black people: A nested case-control study. Mult 
Scler Relat Disord. 2024;81:105375. 

103. Nielsen TR, Rostgaard K, Askling J, Steffensen R, Oturai A, Jersild C, et al. Effects of 
infectious mononucleosis and HLA-DRB1*15 in multiple sclerosis. Mult Scler. 
2009;15(4):431-6. 



106 

104. Sundqvist E, Sundstrom P, Linden M, Hedstrom AK, Aloisi F, Hillert J, et al. Epstein-
Barr virus and multiple sclerosis: interaction with HLA. Genes Immun. 2012;13(1):14-
20. 

105. Hedstrom AK, Sundqvist E, Baarnhielm M, Nordin N, Hillert J, Kockum I, et al. 
Smoking and two human leukocyte antigen genes interact to increase the risk for 
multiple sclerosis. Brain. 2011;134(Pt 3):653-64. 

106. Hedstrom AK, Lima Bomfim I, Barcellos L, Gianfrancesco M, Schaefer C, Kockum I, et 
al. Interaction between adolescent obesity and HLA risk genes in the etiology of 
multiple sclerosis. Neurology. 2014;82(10):865-72. 

107. Tremlett H, Marrie RA. The multiple sclerosis prodrome: Emerging evidence, 
challenges, and opportunities. Mult Scler. 2021;27(1):6-12. 

108. Mahlknecht P, Seppi K, Poewe W. The Concept of Prodromal Parkinson's Disease. J 
Parkinsons Dis. 2015;5(4):681-97. 

109. Kurtzke JF. On the Time of Onset in Multiple Sclerosis. Acta Neurol Scand. 
1965;41(2):140-58. 

110. Wolfson C, Wolfson DB. The latent period of multiple sclerosis: a critical review. 
Epidemiology. 1993;4(5):464-70. 

111. Ramagopalan SV, Dobson R, Meier UC, Giovannoni G. Multiple sclerosis: risk factors, 
prodromes, and potential causal pathways. Lancet Neurol. 2010;9(7):727-39. 

112. Cortese M, Riise T, Bjornevik K, Bhan A, Farbu E, Grytten N, et al. Preclinical disease 
activity in multiple sclerosis: A prospective study of cognitive performance prior to first 
symptom. Ann Neurol. 2016;80(4):616-24. 

113. Wijnands JMA, Kingwell E, Zhu F, Zhao Y, Hogg T, Stadnyk K, et al. Health-care use 
before a first demyelinating event suggestive of a multiple sclerosis prodrome: a matched 
cohort study. Lancet Neurol. 2017;16(6):445-51. 

114. Disanto G, Zecca C, MacLachlan S, Sacco R, Handunnetthi L, Meier UC, et al. 
Prodromal symptoms of multiple sclerosis in primary care. Ann Neurol. 
2018;83(6):1162-73. 

115. Yusuf FLA, Ng BC, Wijnands JMA, Kingwell E, Marrie RA, Tremlett H. A systematic 
review of morbidities suggestive of the multiple sclerosis prodrome. Expert Rev 
Neurother. 2020;20(8):799-819. 

116. Zhao Y, Wijnands JMA, Hogg T, Kingwell E, Zhu F, Evans C, et al. Interrogation of 
the Multiple Sclerosis Prodrome Using High-Dimensional Health Data. 
Neuroepidemiology. 2020;54(2):140-7. 

117. Yusuf F, Wijnands JM, Kingwell E, Zhu F, Evans C, Fisk JD, et al. Fatigue, sleep 
disorders, anaemia and pain in the multiple sclerosis prodrome. Mult Scler. 
2021;27(2):290-302. 

118. Tremlett H, Munger KL, Makhani N. The Multiple Sclerosis Prodrome: Evidence to 
Action. Front Neurol. 2021;12:761408. 



107 

119. Alastair C. McAlpine's Multiple Sclerosis (4th ed.) [Elektronisk resurs]: Elsevier; 2006. 
120. Whitaker JN, McFarland HF, Rudge P, Reingold SC. Outcomes assessment in multiple 

sclerosis clinical trials: a critical analysis. Mult Scler. 1995;1(1):37-47. 
121. Lublin FD, Reingold SC. Defining the clinical course of multiple sclerosis: results of an 

international survey. National Multiple Sclerosis Society (USA) Advisory Committee on 
Clinical Trials of New Agents in Multiple Sclerosis. Neurology. 1996;46(4):907-11. 

122. Miller D, Barkhof F, Montalban X, Thompson A, Filippi M. Clinically isolated 
syndromes suggestive of multiple sclerosis, part I: natural history, pathogenesis, 
diagnosis, and prognosis. Lancet Neurol. 2005;4(5):281-8. 

123. Lublin FD, Reingold SC, Cohen JA, Cutter GR, Sorensen PS, Thompson AJ, et al. 
Defining the clinical course of multiple sclerosis: the 2013 revisions. Neurology. 
2014;83(3):278-86. 

124. Cree BAC, Arnold DL, Chataway J, Chitnis T, Fox RJ, Pozo Ramajo A, et al. Secondary 
Progressive Multiple Sclerosis: New Insights. Neurology. 2021;97(8):378-88. 

125. Okuda DT, Mowry EM, Beheshtian A, Waubant E, Baranzini SE, Goodin DS, et al. 
Incidental MRI anomalies suggestive of multiple sclerosis: the radiologically isolated 
syndrome. Neurology. 2009;72(9):800-5. 

126. Lebrun-Frenay C, Kantarci O, Siva A, Sormani MP, Pelletier D, Okuda DT, et al. 
Radiologically Isolated Syndrome: 10-Year Risk Estimate of a Clinical Event. Ann 
Neurol. 2020;88(2):407-17. 

127. Okuda DT, Siva A, Kantarci O, Inglese M, Katz I, Tutuncu M, et al. Radiologically 
isolated syndrome: 5-year risk for an initial clinical event. PLoS One. 2014;9(3):e90509. 

128. Lebrun-Frenay C, Okuda DT, Siva A, Landes-Chateau C, Azevedo CJ, Mondot L, et al. 
The radiologically isolated syndrome: revised diagnostic criteria. Brain. 
2023;146(8):3431-43. 

129. Portaccio E, Bellinvia A, Fonderico M, Pasto L, Razzolini L, Totaro R, et al. Progression 
is independent of relapse activity in early multiple sclerosis: a real-life cohort study. 
Brain. 2022;145(8):2796-805. 

130. von Wyl V, Benkert P, Moser A, Lorscheider J, Decard B, Hanni P, et al. Disability 
progression in relapse-free multiple sclerosis patients on fingolimod versus interferon-
beta/glatiramer acetate. Mult Scler. 2021;27(3):439-48. 

131. Graf J, Leussink VI, Soncin G, Lepka K, Meinl I, Kumpfel T, et al. Relapse-
independent multiple sclerosis progression under natalizumab. Brain Commun. 
2021;3(4):fcab229. 

132. Kappos L, Wolinsky JS, Giovannoni G, Arnold DL, Wang Q, Bernasconi C, et al. 
Contribution of Relapse-Independent Progression vs Relapse-Associated Worsening to 
Overall Confirmed Disability Accumulation in Typical Relapsing Multiple Sclerosis in a 
Pooled Analysis of 2 Randomized Clinical Trials. JAMA Neurol. 2020;77(9):1132-40. 



108 

133. University of California SFMSET, Cree BAC, Hollenbach JA, Bove R, Kirkish G, Sacco 
S, et al. Silent progression in disease activity-free relapsing multiple sclerosis. Ann 
Neurol. 2019;85(5):653-66. 

134. Muller J, Cagol A, Lorscheider J, Tsagkas C, Benkert P, Yaldizli O, et al. Harmonizing 
Definitions for Progression Independent of Relapse Activity in Multiple Sclerosis: A 
Systematic Review. JAMA Neurol. 2023. 

135. Kurtzke JF. Rating neurologic impairment in multiple sclerosis: an expanded disability 
status scale (EDSS). Neurology. 1983;33(11):1444-52. 

136. Kurtzke JF. Neurologic impairment in multiple sclerosis and the disability status scale. 
Acta Neurol Scand. 1970;46(4):493-512. 

137. Roxburgh RH, Seaman SR, Masterman T, Hensiek AE, Sawcer SJ, Vukusic S, et al. 
Multiple Sclerosis Severity Score: using disability and disease duration to rate disease 
severity. Neurology. 2005;64(7):1144-51. 

138. Poser CM, Paty DW, Scheinberg L, McDonald WI, Davis FA, Ebers GC, et al. New 
diagnostic criteria for multiple sclerosis: guidelines for research protocols. Ann Neurol. 
1983;13(3):227-31. 

139. McDonald WI, Compston A, Edan G, Goodkin D, Hartung HP, Lublin FD, et al. 
Recommended diagnostic criteria for multiple sclerosis: guidelines from the 
International Panel on the diagnosis of multiple sclerosis. Ann Neurol. 2001;50(1):121-
7. 

140. Polman CH, Reingold SC, Banwell B, Clanet M, Cohen JA, Filippi M, et al. Diagnostic 
criteria for multiple sclerosis: 2010 revisions to the McDonald criteria. Ann Neurol. 
2011;69(2):292-302. 

141. Polman CH, Reingold SC, Edan G, Filippi M, Hartung HP, Kappos L, et al. 
Diagnostic criteria for multiple sclerosis: 2005 revisions to the "McDonald Criteria". 
Ann Neurol. 2005;58(6):840-6. 

142. Thompson AJ, Banwell BL, Barkhof F, Carroll WM, Coetzee T, Comi G, et al. 
Diagnosis of multiple sclerosis: 2017 revisions of the McDonald criteria. Lancet Neurol. 
2018;17(2):162-73. 

143. Giovannoni G. Cerebrospinal fluid analysis. Hand Clinic. 2014;122:681-702. 
144. Stangel M, Fredrikson S, Meinl E, Petzold A, Stüve O, Tumani H. The utility of 

cerebrospinal fluid analysis in patients with multiple sclerosis. Nature Reviews 
Neurology. 2013;9(5):267-76. 

145. Mclean BN, Luxton RW, Thompson EJ. A Study of Immunoglobulin-G in the 
Cerebrospinal-Fluid of 1007 Patients with Suspected Neurological Disease Using 
Isoelectric-Focusing and the Log Igg-Index - a Comparison and Diagnostic 
Applications. Brain. 1990;113:1269-89. 

146. Freedman MS, Thompson EJ, Deisenhammer F, Giovannoni G, Grimsley G, Keir G, et 
al. Recommended standard of cerebrospinal fluid analysis in the diagnosis of multiple 
sclerosis -: A consensus statement. Arch Neurol-Chicago. 2005;62(6):865-70. 



109 

147. Young IR, Hall AS, Pallis CA, Legg NJ, Bydder GM, Steiner RE. Nuclear magnetic 
resonance imaging of the brain in multiple sclerosis. Lancet. 1981;2(8255):1063-6. 

148. Filippi M, Preziosa P, Banwell BL, Barkhof F, Ciccarelli O, De Stefano N, et al. 
Assessment of lesions on magnetic resonance imaging in multiple sclerosis: practical 
guidelines. Brain. 2019;142:1858-75. 

149. Comi G, Leocani L, Medaglini S, Locatelli T, Martinelli V, Santuccio G, et al. 
Measuring evoked responses in multiple sclerosis. Mult Scler J. 1999;5(4):263-7. 

150. Miller DH, Weinshenker BG, Filippi M, Banwell BL, Cohen JA, Freedman MS, et al. 
Differential diagnosis of suspected multiple sclerosis: a consensus approach. Mult Scler. 
2008;14(9):1157-74. 

151. Solomon AJ, Arrambide G, Brownlee WJ, Flanagan EP, Amato MP, Amezcua L, et al. 
Differential diagnosis of suspected multiple sclerosis: an updated consensus approach. 
Lancet Neurol. 2023;22(8):750-68. 

152. Runmarker B, Andersen O. Prognostic factors in a multiple sclerosis incidence cohort 
with twenty-five years of follow-up. Brain. 1993;116 ( Pt 1):117-34. 

153. Confavreux C, Vukusic S, Adeleine P. Early clinical predictors and progression of 
irreversible disability in multiple sclerosis: an amnesic process. Brain. 2003;126(Pt 
4):770-82. 

154. Scalfari A, Neuhaus A, Daumer M, Ebers GC, Muraro PA. Age and disability 
accumulation in multiple sclerosis. Neurology. 2011;77(13):1246-52. 

155. Kalincik T, Buzzard K, Jokubaitis V, Trojano M, Duquette P, Izquierdo G, et al. Risk 
of relapse phenotype recurrence in multiple sclerosis. Mult Scler. 2014;20(11):1511-22. 

156. Guillemin F, Baumann C, Epstein J, Kerschen P, Garot T, Mathey G, et al. Older Age 
at Multiple Sclerosis Onset Is an Independent Factor of Poor Prognosis: A Population-
Based Cohort Study. Neuroepidemiology. 2017;48(3-4):179-87. 

157. Brownlee WJ, Altmann DR, Prados F, Miszkiel KA, Eshaghi A, Gandini Wheeler-
Kingshott CAM, et al. Early imaging predictors of long-term outcomes in relapse-onset 
multiple sclerosis. Brain. 2019;142(8):2276-87. 

158. Leray E, Yaouanq J, Le Page E, Coustans M, Laplaud D, Oger J, et al. Evidence for a 
two-stage disability progression in multiple sclerosis. Brain. 2010;133(Pt 7):1900-13. 

159. Berg-Hansen P, Smestad C, Sandvik L, Harbo HF, Celius EG. Increased disease severity 
in non-Western immigrants with multiple sclerosis in Oslo, Norway. Eur J Neurol. 
2013;20(12):1546-52. 

160. Nardin C, Latarche C, Soudant M, Dahan C, Michaud M, Pittion-Vouyovitch S, et al. 
Generational changes in multiple sclerosis phenotype in North African immigrants in 
France: A population-based observational study. PLoS One. 2018;13(3):e0194115. 

161. Perez CA, Lincoln JA. Racial and ethnic disparities in treatment response and 
tolerability in multiple sclerosis: A comparative study. Mult Scler Relat Disord. 
2021;56:103248. 



110 

162. Seyman E, Jones A, Guenette M, Vosoughi R, Selchen D, Amezcua L, et al. Clinical and 
MRI characteristics of multiple sclerosis in patients of Middle Eastern and North 
African ancestry residing in Ontario, Canada. Mult Scler. 2021;27(7):1027-36. 

163. Sidhom Y, Maillart E, Tezenas du Montcel S, Kacem I, Lubetzki C, Gouider R, et al. 
Fast multiple sclerosis progression in North Africans: Both genetics and environment 
matter. Neurology. 2017;88(13):1218-25. 

164. Ventura RE, Antezana AO, Bacon T, Kister I. Hispanic Americans and African 
Americans with multiple sclerosis have more severe disease course than Caucasian 
Americans. Mult Scler. 2017;23(11):1554-7. 

165. McKay KA, Tremlett H, Fisk JD, Zhang T, Patten SB, Kastrukoff L, et al. Psychiatric 
comorbidity is associated with disability progression in multiple sclerosis. Neurology. 
2018;90(15):e1316-e23. 

166. Zhang T, Tremlett H, Zhu F, Kingwell E, Fisk JD, Bhan V, et al. Effects of physical 
comorbidities on disability progression in multiple sclerosis. Neurology. 
2018;90(5):e419-e27. 

167. Confavreux C, Vukusic S, Moreau T, Adeleine P. Relapses and progression of disability 
in multiple sclerosis. N Engl J Med. 2000;343(20):1430-8. 

168. Koch M, Kingwell E, Rieckmann P, Tremlett H. The natural history of primary 
progressive multiple sclerosis. Neurology. 2009;73(23):1996-2002. 

169. Scalfari A, Neuhaus A, Degenhardt A, Rice GP, Muraro PA, Daumer M, et al. The 
natural history of multiple sclerosis: a geographically based study 10: relapses and long-
term disability. Brain. 2010;133(Pt 7):1914-29. 

170. Novotna M, Paz Soldan MM, Abou Zeid N, Kale N, Tutuncu M, Crusan DJ, et al. 
Poor early relapse recovery affects onset of progressive disease course in multiple 
sclerosis. Neurology. 2015;85(8):722-9. 

171. Amato MP, Ponziani G. A prospective study on the prognosis of multiple sclerosis. 
Neurol Sci. 2000;21(4 Suppl 2):S831-8. 

172. Bsteh G, Ehling R, Lutterotti A, Hegen H, Di Pauli F, Auer M, et al. Long Term 
Clinical Prognostic Factors in Relapsing-Remitting Multiple Sclerosis: Insights from a 
10-Year Observational Study. PLoS One. 2016;11(7):e0158978. 

173. Kara F, Gol MF, Boz C. Determinants of disability development in patients with 
multiple sclerosis. Arq Neuropsiquiatr. 2021;79(6):489-96. 

174. Chiaravalloti ND, DeLuca J. Cognitive impairment in multiple sclerosis. Lancet Neurol. 
2008;7(12):1139-51. 

175. Deloire M, Ruet A, Hamel D, Bonnet M, Brochet B. Early cognitive impairment in 
multiple sclerosis predicts disability outcome several years later. Mult Scler. 
2010;16(5):581-7. 



111 

176. Filippi M, Paty DW, Kappos L, Barkhof F, Compston DA, Thompson AJ, et al. 
Correlations between changes in disability and T2-weighted brain MRI activity in 
multiple sclerosis: a follow-up study. Neurology. 1995;45(2):255-60. 

177. Fisniku LK, Brex PA, Altmann DR, Miszkiel KA, Benton CE, Lanyon R, et al. 
Disability and T2 MRI lesions: a 20-year follow-up of patients with relapse onset of 
multiple sclerosis. Brain. 2008;131(Pt 3):808-17. 

178. Kuhle J, Disanto G, Dobson R, Adiutori R, Bianchi L, Topping J, et al. Conversion 
from clinically isolated syndrome to multiple sclerosis: A large multicentre study. Mult 
Scler. 2015;21(8):1013-24. 

179. Optic Neuritis Study G. Multiple sclerosis risk after optic neuritis: final optic neuritis 
treatment trial follow-up. Arch Neurol. 2008;65(6):727-32. 

180. Swanton JK, Fernando KT, Dalton CM, Miszkiel KA, Altmann DR, Plant GT, et al. 
Early MRI in optic neuritis: the risk for clinically definite multiple sclerosis. Mult Scler. 
2010;16(2):156-65. 

181. Tintore M, Rovira A, Rio J, Otero-Romero S, Arrambide G, Tur C, et al. Defining 
high, medium and low impact prognostic factors for developing multiple sclerosis. 
Brain. 2015;138(Pt 7):1863-74. 

182. Lavorgna L, Bonavita S, Ippolito D, Lanzillo R, Salemi G, Patti F, et al. Clinical and 
magnetic resonance imaging predictors of disease progression in multiple sclerosis: a 
nine-year follow-up study. Mult Scler. 2014;20(2):220-6. 

183. Perez-Miralles F, Sastre-Garriga J, Tintore M, Arrambide G, Nos C, Perkal H, et al. 
Clinical impact of early brain atrophy in clinically isolated syndromes. Mult Scler. 
2013;19(14):1878-86. 

184. Popescu V, Agosta F, Hulst HE, Sluimer IC, Knol DL, Sormani MP, et al. Brain 
atrophy and lesion load predict long term disability in multiple sclerosis. J Neurol 
Neurosurg Psychiatry. 2013;84(10):1082-91. 

185. Dobson R, Ramagopalan S, Davis A, Giovannoni G. Cerebrospinal fluid oligoclonal 
bands in multiple sclerosis and clinically isolated syndromes: a meta-analysis of 
prevalence, prognosis and effect of latitude. J Neurol Neurosurg Psychiatry. 
2013;84(8):909-14. 

186. Pfuhl C, Grittner U, Giess RM, Scheel M, Behrens JR, Rasche L, et al. Intrathecal IgM 
production is a strong risk factor for early conversion to multiple sclerosis. Neurology. 
2019;93(15):e1439-e51. 

187. Villar LM, Masjuan J, Gonzalez-Porque P, Plaza J, Sadaba MC, Roldan E, et al. 
Intrathecal IgM synthesis is a prognostic factor in multiple sclerosis. Ann Neurol. 
2003;53(2):222-6. 

188. Disanto G, Barro C, Benkert P, Naegelin Y, Schadelin S, Giardiello A, et al. Serum 
Neurofilament light: A biomarker of neuronal damage in multiple sclerosis. Ann Neurol. 
2017;81(6):857-70. 



112 

189. Kuhle J, Kropshofer H, Haering DA, Kundu U, Meinert R, Barro C, et al. Blood 
neurofilament light chain as a biomarker of MS disease activity and treatment response. 
Neurology. 2019;92(10):e1007-e15. 

190. Van Wijmeersch B, Hartung HP, Vermersch P, Pugliatti M, Pozzilli C, Grigoriadis N, 
et al. Using personalized prognosis in the treatment of relapsing multiple sclerosis: A 
practical guide. Front Immunol. 2022;13:991291. 

191. Burton JM, O'Connor PW, Hohol M, Beyene J. Oral versus intravenous steroids for 
treatment of relapses in multiple sclerosis. Cochrane Database Syst Rev. 
2012;12:CD006921. 

192. Cortese I, Chaudhry V, So YT, Cantor F, Cornblath DR, Rae-Grant A. Evidence-based 
guideline update: Plasmapheresis in neurologic disorders: report of the Therapeutics and 
Technology Assessment Subcommittee of the American Academy of Neurology. 
Neurology. 2011;76(3):294-300. 

193. Interferon beta-1b is effective in relapsing-remitting multiple sclerosis. I. Clinical results 
of a multicenter, randomized, double-blind, placebo-controlled trial. The IFNB 
Multiple Sclerosis Study Group. Neurology. 1993;43(4):655-61. 

194. Goldschmidt C, McGinley MP. Advances in the Treatment of Multiple Sclerosis. 
Neurol Clin. 2021;39(1):21-33. 

195. Montalban X, Gold R, Thompson AJ, Otero-Romero S, Amato MP, Chandraratna D, 
et al. ECTRIMS/EAN Guideline on the pharmacological treatment of people with 
multiple sclerosis. Mult Scler. 2018;24(2):96-120. 

196. World Health Organization 2023 [Available from: https://www.who.int/news-
room/fact-sheets/detail/rehabilitation. 

197. Amatya B, Khan F, Galea M. Rehabilitation for people with multiple sclerosis: an 
overview of Cochrane Reviews. Cochrane Database Syst Rev. 2019;1(1):CD012732. 

198. Swedish National Board of Health and Welfare 2022 [Available from: 
https://www.socialstyrelsen.se/kunskapsstod-och-regler/regler-och-riktlinjer/nationella-
riktlinjer/riktlinjer-och-utvarderingar/ms-och-parkinsons-sjukdom/. 

199. Rothman KJ. Epidemiology: an introduction. 2nd ed: Oxford University Press Inc; 
2012. 

200. R. Bonita RB, T. Kjellström. Grundläggande epidemiologi. Second ed: 
Studentlitteratur; 2010 9 February 2010. 

201. von Elm E, Altman DG, Egger M, Pocock SJ, Gotzsche PC, Vandenbroucke JP, et al. 
The Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) 
statement: guidelines for reporting observational studies. Lancet. 2007;370(9596):1453-
7. 

202. Koch-Henriksen N, Sorensen PS. The changing demographic pattern of multiple 
sclerosis epidemiology. Lancet Neurol. 2010;9(5):520-32. 



113 

203. Zivadinov R, Iona L, Monti-Bragadin L, Bosco A, Jurjevic A, Taus C, et al. The use of 
standardized incidence and prevalence rates in epidemiological studies on multiple 
sclerosis. A meta-analysis study. Neuroepidemiology. 2003;22(1):65-74. 

204. Alcalde-Cabero E, Almazan-Isla J, Garcia-Merino A, de Sa J, de Pedro-Cuesta J. 
Incidence of multiple sclerosis among European Economic Area populations, 1985-
2009: the framework for monitoring. BMC Neurol. 2013;13:58. 

205. Simpson S, Jr., Blizzard L, Otahal P, Van der Mei I, Taylor B. Latitude is significantly 
associated with the prevalence of multiple sclerosis: a meta-analysis. J Neurol Neurosurg 
Psychiatry. 2011;82(10):1132-41. 

206. Simpson S, Jr., Wang W, Otahal P, Blizzard L, van der Mei IAF, Taylor BV. Latitude 
continues to be significantly associated with the prevalence of multiple sclerosis: an 
updated meta-analysis. J Neurol Neurosurg Psychiatry. 2019;90(11):1193-200. 

207. Atlas of MS 2013: Multiple sclerosis international federation 2013 [Available from: 
https://www.msif.org/wp-content/uploads/2020/12/Atlas-of-MS.pdf. 

208. Atlas of MS: Multiple sclerosis international federation. 2020 [Available from: 
https://www.msif.org/resource/atlas-of-ms-2020/. 

209. Gale CR, Martyn CN. Migrant studies in multiple sclerosis. Prog Neurobiol. 
1995;47(4-5):425-48. 

210. Ahlgren C, Lycke J, Oden A, Andersen O. High risk of MS in Iranian immigrants in 
Gothenburg, Sweden. Mult Scler. 2010;16(9):1079-82. 

211. Ahlgren C, Oden A, Lycke J. A nationwide survey of the prevalence of multiple sclerosis 
in immigrant populations of Sweden. Mult Scler. 2012;18(8):1099-107. 

212. Smestad C, Sandvik L, Holmoy T, Harbo HF, Celius EG. Marked differences in 
prevalence of multiple sclerosis between ethnic groups in Oslo, Norway. J Neurol. 
2008;255(1):49-55. 

213. Cabre P, Signate A, Olindo S, Merle H, Caparros-Lefebvre D, Bera O, et al. Role of 
return migration in the emergence of multiple sclerosis in the French West Indies. 
Brain. 2005;128(Pt 12):2899-910. 

214. Dean G, Kurtzke JF. On the risk of multiple sclerosis according to age at immigration to 
South Africa. Br Med J. 1971;3(5777):725-9. 

215. McLeod JG, Hammond SR, Kurtzke JF. Migration and multiple sclerosis in immigrants 
to Australia from United Kingdom and Ireland: a reassessment. I. Risk of MS by age at 
immigration. J Neurol. 2011;258(6):1140-9. 

216. Rotstein DL, Marrie RA, Maxwell C, Gandhi S, Schultz SE, Fung K, et al. MS risk in 
immigrants in the McDonald era: A population-based study in Ontario, Canada. 
Neurology. 2019;93(24):e2203-e15. 

217. Sällström T. Das Vorkommen und die Verbreitung der multiplen Sclerose in Schweden. 
Zur geographischen Pathologie der multiplen Sklerose. Acta Med Scand. 1942(Suppl. 
137):94-101. 



114 

218. Kurtzke JF. A Fennoscandian focus of multiple sclerosis. Neurology. 1968;18(1 Pt 
1):16-20. 

219. Kurtzke JF. Further features of the Fennoscandian focus of multiple sclerosis. Acta 
Neurol Scand. 1974;50(4):478-502. 

220. Broman T, Andersen O, Bergmann L. Clinical studies on multiple sclerosis. I. 
Presentation of an incidence material from Gothenburg. Acta Neurol Scand. 
1981;63(1):6-33. 

221. Svenningsson A, Runmarker B, Lycke J, Andersen O. Incidence of MS during two 
fifteen-year periods in the Gothenburg region of Sweden. Acta Neurol Scand. 
1990;82(3):161-8. 

222. Sundstrom P, Nystrom L, Forsgren L. Prevalence of multiple sclerosis in Vasterbotten 
County in northern Sweden. Acta Neurol Scand. 2001;103(4):214-8. 

223. Sundstrom P, Nystrom L, Forsgren L. Incidence (1988-97) and prevalence (1997) of 
multiple sclerosis in Vasterbotten County in northern Sweden. J Neurol Neurosurg 
Psychiatry. 2003;74(1):29-32. 

224. Bostrom I, Callander M, Kurtzke JF, Landtblom AM. High prevalence of multiple 
sclerosis in the Swedish county of Varmland. Mult Scler. 2009;15(11):1253-62. 

225. Svenningsson A, Salzer J, Vagberg M, Sundstrom P, Svenningsson A. Increasing 
prevalence of multiple sclerosis in Vasterbotten County of Sweden. Acta Neurol Scand. 
2015;132(6):389-94. 

226. Ahlgren C, Oden A, Lycke J. High nationwide prevalence of multiple sclerosis in 
Sweden. Mult Scler. 2011;17(8):901-8. 

227. Ahlgren C, Oden A, Lycke J. High nationwide incidence of multiple sclerosis in 
Sweden. PLoS One. 2014;9(9):e108599. 

228. Wandell P, Fredrikson S, Carlsson AC, Li X, Sundquist J, Sundquist K. Multiple 
sclerosis among first- and second-generation immigrant groups in Sweden. Acta Neurol 
Scand. 2020;142(4):339-49. 

229. Institute S. Sweden and migration 2024 [Available from: 
https://sweden.se/culture/history/sweden-and-migration. 

230. GPS coordinates of Malmö, Sweden.  [Available from: 
https://latitude.to/map/se/sweden/cities/malmo. 

231. The City of Malmö  [Available from: https://malmo.se/. 
232. Grander M. Cities in their national context: Malmö, Symptoms and causes of inequality 

affecting young people.: Malmö University; 2013. 
233. Ares B, Prieto JM, Lema M, Dapena D, Arias M, Noya M. Prevalence of multiple 

sclerosis in Santiago de Compostela (Galicia, Spain). Mult Scler. 2007;13(2):262-4. 
234. Fernandez O, Fernandez V, Guerrero M, Leon A, Lopez-Madrona JC, Alonso A, et al. 

Multiple sclerosis prevalence in Malaga, Southern Spain estimated by the capture-
recapture method. Mult Scler. 2012;18(3):372-6. 



115 

235. Otero-Romero S, Roura P, Sola J, Altimiras J, Sastre-Garriga J, Nos C, et al. Increase in 
the prevalence of multiple sclerosis over a 17-year period in Osona, Catalonia, Spain. 
Mult Scler. 2013;19(2):245-8. 

236. Bartulos Iglesias M, Marzo Sola ME, Estrella Ruiz LA, Bravo Anguiano Y. 
Epidemiological study of multiple sclerosis in La Rioja. Neurologia. 2015;30(9):552-60. 

237. Izquierdo G, Venegas A, Sanabria C, Navarro G. Long-term epidemiology of multiple 
sclerosis in the Northern Seville District. Acta Neurol Scand. 2015;132(2):111-7. 

238. Otero-Romero S, Ramio-Torrenta L, Pericot I, Carmona O, Perkal H, Saiz A, et al. 
Onset-adjusted incidence of multiple sclerosis in the Girona province (Spain): Evidence 
of increasing risk in the south of Europe. J Neurol Sci. 2015;359(1-2):146-50. 

239. Candeliere-Merlicco A, Valero-Delgado F, Martinez-Vidal S, Lastres-Arias Mdel C, 
Aparicio-Castro E, Toledo-Romero F, et al. Prevalence of multiple sclerosis in Health 
District III, Murcia, Spain. Mult Scler Relat Disord. 2016;9:31-5. 

240. Perez-Carmona N, Gimenez-Martinez J, Borrego-Honrubia C, Sempere AP. Multiple 
sclerosis prevalence and incidence in San Vicente del Raspeig, Spain. Mult Scler Relat 
Disord. 2019;33:78-81. 

241. Perez-Perez S, Eguia Del Rio P, Dominguez-Mozo MI, Garcia-Martinez MA, Zapata-
Ramos MF, Torrejon MJ, et al. Epidemiology of multiple sclerosis and vitamin D levels 
in Lanzarote, Canary Islands, Spain. PeerJ. 2019;7:e8235. 

242. Costa Arpin E, Naveiro Soneira J, Lema Bouzas M, Gonzalez Quintela A, Prieto 
Gonzalez JM. Epidemiology of multiple sclerosis in Santiago de Compostela (Spain). 
Acta Neurol Scand. 2020;142(3):267-74. 

243. Garcia-Estevez DA, Fraga-Gonzalez C, Ramos-Pacho ME, Lopez-Diaz LM, Pardo-
Parrado M, Prieto JM. [The prevalence of multiple sclerosis in the city of Ourense, 
Galicia, in the north-west of the Iberian Peninsula]. Rev Neurol. 2020;71(1):19-25. 

244. GPS coordinates of Alt Empordà, Spain.  [Available from: https://latitude.to/articles-by-
country/es/spain/75200/alt-emporda. 

245. Catalonia SIo.  [Available from: 
https://www.idescat.cat/indicadors/?id=basics&n=10330&tema=xifpo&lang=en. 

246. Tourist guide.  [Available from: https://turiscat.com/. 
247. Biobank Sweden 2024 [Available from: https://biobanksverige.se/. 
248. Swedish Neuro Registries  [Available from: https://www.neuroreg.se/. 
249. Biström M. Enviromental risk factors for the ocurrence of multiple sclerosis: Umeå; 

2020. 
250. Poser CM. Onset symptoms of multiple sclerosis. J Neurol Neurosurg Psychiatry. 

1995;58(2):253-4. 
251. Poser CM. The epidemiology of multiple sclerosis: a general overview. Ann Neurol. 

1994;36 Suppl 2:S180-93. 



116 

252. Sweden S. Statistics on persons with foreign background: Guidelines and 
recommendations. 2002. 

253. Brooke HL, Talback M, Hornblad J, Johansson LA, Ludvigsson JF, Druid H, et al. The 
Swedish cause of death register. Eur J Epidemiol. 2017;32(9):765-73. 

254. Ludvigsson JF, Otterblad-Olausson P, Pettersson BU, Ekbom A. The Swedish personal 
identity number: possibilities and pitfalls in healthcare and medical research. Eur J 
Epidemiol. 2009;24(11):659-67. 

255. Lag (2002:297) om biobanker i hälso- och sjukvården m.m. 2003 [Available from: 
https://www.riksdagen.se/sv/dokument-och-lagar/dokument/svensk-
forfattningssamling/lag-2002297-om-biobanker-i-halso-och_sfs-2002-297/. 

256. Association WM. Declaration of Helsinki- Ethical principles for medical research 
involving human subjects. 2013 [Available from: https://www.wma.net/policies-
post/wma-declaration-of-helsinki-ethical-principles-for-medical-research-involving-
human-subjects/. 

257. Ocke MC, Schrijver J, Obermann-de Boer GL, Bloemberg BP, Haenen GR, Kromhout 
D. Stability of blood (pro)vitamins during four years of storage at -20 degrees C: 
consequences for epidemiologic research. J Clin Epidemiol. 1995;48(8):1077-85. 

258. Borai A, Khalil H, Alghamdi B, Alhamdi R, Ali N, Bahijri S, et al. The pre-analytical 
stability of 25-hydroxyvitamin D: Storage and mixing effects. J Clin Lab Anal. 
2020;34(2):e23037. 

259. Poser CM, Benedikz J, Hibberd PL. The epidemiology of multiple sclerosis: the Iceland 
model. Onset-adjusted prevalence rate and other methodological considerations. J 
Neurol Sci. 1992;111(2):143-52. 

260. Winker MA. Race and ethnicity in medical research: requirements meet reality. J Law 
Med Ethics. 2006;34(3):520-5, 480. 

261. Mallawaarachchi G, Rog DJ, Das J. Ethnic disparities in the epidemiological and clinical 
characteristics of multiple sclerosis. Mult Scler Relat Disord. 2024;81:105153. 

262. University O. Oxford Learner´s Dictionary 2024 [Available from: 
https://www.oxfordlearnersdictionaries.com/definition/english/. 

263. Talari K, Goyal M. Retrospective studies - utility and caveats. J R Coll Physicians 
Edinb. 2020;50(4):398-402. 

264. Siems A, Banks R, Holubkov R, Meert KL, Bauerfeld C, Beyda D, et al. Structured 
Chart Review: Assessment of a Structured Chart Review Methodology. Hosp Pediatr. 
2020;10(1):61-9. 

265. Madley-Dowd P, Hughes R, Tilling K, Heron J. The proportion of missing data should 
not be used to guide decisions on multiple imputation. J Clin Epidemiol. 2019;110:63-
73. 



117 

266. Meyer-Moock S, Feng YS, Maeurer M, Dippel FW, Kohlmann T. Systematic literature 
review and validity evaluation of the Expanded Disability Status Scale (EDSS) and the 
Multiple Sclerosis Functional Composite (MSFC) in patients with multiple sclerosis. 
BMC Neurol. 2014;14:58. 

267. Pachner AR, Steiner I. The multiple sclerosis severity score (MSSS) predicts disease 
severity over time. J Neurol Sci. 2009;278(1-2):66-70. 

268. Zhou Y, Claflin SB, Stankovich J, van der Mei I, Simpson S, Jr., Roxburgh RH, et al. 
Redefining the Multiple Sclerosis Severity Score (MSSS): The effect of sex and onset 
phenotype. Mult Scler. 2020;26(13):1765-74. 

269. Salzer J. Enviromental risk factors for multiple sclerosis: Umeå; 2013. 
270. Zheng J, Baird D, Borges MC, Bowden J, Hemani G, Haycock P, et al. Recent 

Developments in Mendelian Randomization Studies. Curr Epidemiol Rep. 
2017;4(4):330-45. 

271. Kampman MT, Brustad M. Vitamin D: a candidate for the environmental effect in 
multiple sclerosis - observations from Norway. Neuroepidemiology. 2008;30(3):140-6. 

272. Brustad M, Alsaker E, Engelsen O, Aksnes L, Lund E. Vitamin D status of middle-aged 
women at 65-71 degrees N in relation to dietary intake and exposure to ultraviolet 
radiation. Public Health Nutr. 2004;7(2):327-35. 

273. Brustad M, Sandanger T, Aksnes L, Lund E. Vitamin D status in a rural population of 
northern Norway with high fish liver consumption. Public Health Nutr. 2004;7(6):783-
9. 

274. Elmadfa I, Freisling H. Fat intake, diet variety and health promotion. Forum Nutr. 
2005(57):1-10. 

275. Freisling H, Fahey MT, Moskal A, Ocke MC, Ferrari P, Jenab M, et al. Region-specific 
nutrient intake patterns exhibit a geographical gradient within and between European 
countries. J Nutr. 2010;140(7):1280-6. 

276. Ramnemark A, Norberg M, Pettersson-Kymmer U, Eliasson M. Adequate vitamin D 
levels in a Swedish population living above latitude 63 degrees N: The 2009 Northern 
Sweden MONICA study. Int J Circumpolar Health. 2015;74(1):27963. 

277. Berg-Hansen P, Moen SM, Harbo HF, Celius EG. High prevalence and no latitude 
gradient of multiple sclerosis in Norway. Mult Scler. 2014;20(13):1780-2. 

278. Berg-Hansen P. Clinical and epidemiological studies of immigrants with multiple 
sclerosis in Norway: Oslo; 2015. 

279. Shahbazi M, Roshandel D, Omidnyia E, Rshaidbaghan A. Interaction of HLA-
DRB1*1501 allele and TNF-alpha -308 G/A single nucleotide polymorphism in the 
susceptibility to multiple sclerosis. Clin Immunol. 2011;139(3):277-81. 

280. Shahbazi M, Abadi JSA, Roshandel D, Koochaki M, Amiri H, Kohansal R, et al. 
Combination of interleukin-10 gene promoter polymorphisms with HLA-DRB1*15 
allele is associated with multiple sclerosis. Indian J Med Res. 2017;145(6):746-52. 



118 

281. Abbasi M, Nabavi SM, Fereshtehnejad SM, Jou NZ, Ansari I, Shayegannejad V, et al. 
Multiple sclerosis and environmental risk factors: a case-control study in Iran. Neurol 
Sci. 2017;38(11):1941-51. 

282. Rotstein D, Montalban X. Reaching an evidence-based prognosis for personalized 
treatment of multiple sclerosis. Nat Rev Neurol. 2019;15(5):287-300. 

283. Yamout BI, Assaad W, Tamim H, Mrabet S, Goueider R. Epidemiology and 
phenotypes of multiple sclerosis in the Middle East North Africa (MENA) region. Mult 
Scler J Exp Transl Clin. 2020;6(1):2055217319841881. 

284. Telesford KM, Amezcua L, Tardo L, Horton L, Lund BT, Reder AT, et al. 
Understanding humoral immunity and multiple sclerosis severity in Black, and Latinx 
patients. Front Immunol. 2023;14:1172993. 

285. Carmona O MC, Montero C, Díaz L, Forment JC, Caula J, Ramió-Torrentà L, Perkal 
H, Paz M. Multiple sclerosis in Northeast of Catalonia: an epidemiological study. 
Neuroepidemiology 2009; 332009. p. 131-223. 

286. Garcia Lopez FJ, Garcia-Merino A, Alcalde-Cabero E, de Pedro-Cuesta J. Incidence and 
prevalence of multiple sclerosis in Spain: a systematic review. Neurologia (Engl Ed). 
2022. 

287. Meteorología) AAEd.  [Available from: 
https://www.aemet.es/es/serviciosclimaticos/datosclimatologicos/atlas_radiacion_solar. 

288. Grut V, Bistrom M, Salzer J, Stridh P, Lindam A, Alonso-Magdalena L, et al. Free 
vitamin D(3) index and vitamin D-binding protein in multiple sclerosis: A 
presymptomatic case-control study. Eur J Neurol. 2022;29(8):2335-42. 

289. Grut V, Bistrom M, Salzer J, Stridh P, Jons D, Gustafsson R, et al. Human herpesvirus 
6A and axonal injury before the clinical onset of multiple sclerosis. Brain. 
2024;147(1):177-85. 

 



119 

Appendix 

EDSS (reprinted from Wolters Kluwer Health, Inc.) (135) 

MSSS (reprinted with permission of Wolters Kluwer Health, Inc.) (137) 

2010 McDonald criteria (Reprinted with permission of John Wiley and Sons) (140) 
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Functional systems 
Pyramidal functions 

0. Normal. 
1. Abnormal signs without disability 
2. Minimal disability. 
3. Mild or moderate paraparesis or hemiparesis; severe monoparesis. 
4. Marked paraparesis or hemiparesis; moderate quadriparesis; or monoplegia. 
5. Quadriplegia. 

Cerebellar functions 

0. Normal. 
1. Abnormal signs without disability. 
2. Mild ataxia. 
3. Moderate truncal or limb ataxia. 
4. Severe ataxia, all limbs. 
5. Unable to perform coordinated movements due to ataxia.  

Brains Stem functions 

0. Normal. 
1. Signs only. 
2. Moderate nystagmus or other mild disability. 
3. Severe nystagmus, marked extraocular weakness, or moderate disability of 

other cranial nerves. 
4. Marked dysarthria or other marked disability. 
5. Inability to swallow or speak. 

Sensory functions 

0. Normal. 
1. Vibration or figure-writing decrease only, in one or two limbs. 
2. Mild decrease in touch or pain or position sense, and/or moderate decrease in 

vibration in one or two limbs; or vibratory (c/s figure writing) decrease alone 
in three or four limbs. 

3. Moderate decrease in touch or pain or position sense, and/or essentially loss 
of vibration in one or two limbs; or mild decrease in touch or pain and/or 
moderate decrease in all proprioceptive tests in three or four limbs. 



121 

4. Marked decrease in touch or pain or loss of proprioception, alone or 
combined, in one or two limbs; or moderate decrease in touch or pain and/or 
severe proprioceptive decrease in more than two limbs. 

5. Loss (essentially) of sensation in one or two limbs; or moderate decrease in 
touch or pain and/or loss of proprioception for most of the body below the 
head. 

6. Sensation essentially lost below the head. 

Bowel and Bladder functions 

0. Normal. 
1. Mild urinary hesitancy, urgency, or retention. 
2. Moderate hesitancy, urgency, retention of bowel or bladder, or rare urinary 

incontinence. 
3. Frequent urinary incontinence. 
4. In need of almost constant catheterization. 
5. Loss of bladder function. 
6. Loss of bowel and bladder function. 

Visual (or Optic) functions 

0. Normal 
1. Scotoma with visual acuity (corrected) better than 20/30. 
2. Worse eye with scotoma with maximal visual acuity (corrected) of 20/30 to 

20/59. 
3. Worse eye with large scotoma, or moderate decrease in fields, but with 

maximal visual 
acuity (corrected) of 20/60 to 20/99. 

4. Worse eye with marked decrease of fields and maximal visual acuity 
(corrected) of 20/100 to 20/200; grade 3 plus maximal acuity of better eye of 
20/60 or less. 

5. Worse eye with maximal visual acuity (corrected) less than 20/200; grade 4 
plus maximal acuity of better eye of 20/60 or less. 

6. Grade 5 plus maximal visual acuity of better eye of 20/60 or less. 
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Cerebral (or Mental) functions 

0. Normal. 
1. Mood alteration only (Does not affect DSS score). 
2. Mild decrease in mentation. 
3. Moderate decrease in mentation. 
4. Marked decreased in mentation (chronic brain syndrome-moderate). 
5. Dementia or chronic brain syndrome-severe or incompetent. 

Expanded Disability Status Scale (EDSS) 
0 = Normal neurologic exam (all grade 0 in Functional Systems [FS]; Cerebral grade 1 
acceptable). 

1.0 = No disability, minimal signs in one FS (i.e., grade 1 excluding Cerebral grade 1). 

1.5 = No disability minimal signs in more than one FS (more than one grade 1 
excluding Cerebral 

grade 1).  

2.0 = Minimal disability in one FS (one FS grade 2, others 0 or 1). 

2.5 = Minimal disability in two FS (two FS grade 2, others 0 or 1). 

3.0 = Moderate disability in one FS (one FS grade 3, others 0 or l), or mild disability 
in three or four FS (three/four FS grade 2, others 0 or 1) though fully ambulatory. 

3.5 = Fully ambulatory but with moderate disability in one FS (one grade 3) and one 
or two FS grade 2; or two FS grade 3; or five FS grade 2 (others 0 or 1). 

4.0 = Fully ambulatory without aid, self-sufficient, up and about some 12 hours a day 
despite relatively severe disability consisting of one FS grade 4 (others 0 or l), or 
combinations of lesser grades exceeding limits of previous steps. Able to walk without 
aid or rest some 500 meters. 

4.5 = Fully ambulatory without aid, up and about much of the day, able to work a full 
day, may otherwise have some limitation of full activity or require minimal assistance; 
characterized by relatively severe disability, usually consisting of one FS grade 4 (others 
0 or 1) or combinations of lesser grades exceeding limits of previous steps. Able to walk 
without aid or rest for some 300 meters. 

5.0 = Ambulatory without aid or rest for about 200 meters; disability severe enough to 
impair full daily activities (e.g., to work full day without special provisions). (Usual FS 
equivalents are one grade 5 alone, others 0 or 1; or combinations of lesser grades usually 
exceeding specifications for step 4.0.). 
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5.5 = Ambulatory without aid or rest for about 100 meters; disability severe enough to 
preclude full daily activities. (Usual FS equivalents are one grade 5 alone, others 0 or 1; 
or combinations of lesser grades usually exceeding those for step 4.0.) 

6.0 = Intermittent or unilateral constant assistance (cane, crutch, or brace) required to 
walk about 100 meters with or without resting. (Usual FS equivalents are combinations 
with more than two FS grade 3+.) 

6.5 = Constant bilateral assistance (canes, crutches, or braces) required to walk about 
20 meters without resting. (Usual FS equivalents are combinations with more than two 
FS grade 3+.) 

7.0 = Unable to walk beyond about 5 meters even with aid, essentially restricted to 
wheelchair wheels self in standard wheelchair and transfers alone; up and about in w/c 
some 12 hours a day. (Usual FS equivalents are combinations with more than one FS 
grade 4 + ; very rarely, pyramidal grade 5 alone.) 

7.5 = Unable to take more than a few steps; restricted to wheelchair; may need aid in 
transfer; wheels self but cannot carry on in standard wheelchair a full day; may require 
motorized wheelchair. (Usual FS equivalents are combinations with more than one FS 
grade 4+ .) 

8.0 = Essentially restricted to bed or chair or perambulated in wheelchair, but may be 
out of bed itself much of the day; retains many self-care functions; generally has 
effective use of arms. (Usual FS equivalents are combinations, generally grade 4 + in 
several systems.) 

8.5 = Essentially restricted to bed much of the day; has some effective use of arm(s); 
retains some self-care functions. (Usual FS equivalents are combinations, generally 4 + 
in several systems.) 

9.0 = Helpless bed patient; can communicate and eat. (Usual FS equivalents are 
combinations, mostly grade 4 + .) 

9.5 = Totally helpless bed patient; unable to communicate effectively or eat/swallow. 
(Usual FS equivalents are combinations, almost all grade 4 + .) 

10. = Death due to MS. 
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Multiple Sclerosis Severity Scale 
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The 2010 McDonald MRI criteria for DIS and DIT  
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The 2010 McDonald MRI criteria for diagnosis of MS in disease 
with progression from onset 
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The 2010 McDonald criteria for diagnosis of MS 
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