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ABSTRACT 

 

Aim: The overall aim of this research was to investigate the nature of the comorbidities 

in multiple sclerosis (MS) in four large population-based studies. The first study 

assessed whether the diagnosis underlying appendicectomy is a useful marker of MS 

risk. The second study identified whether an inherited risk of other immune-mediated 

diseases (IMD) contributes to the likelihood of developing MS. In the third study, we 

investigated if MS is associated with a raised risk of cardiovascular disease (CVD) and 

whether this varies by MS disease course, while in the final study we determined if 

cancer is under-diagnosed in MS patients by assessing mortality following cancer as a 

marker of delayed cancer diagnosis.  

 

Methods: This thesis uses Swedish register data to identify patterns of comorbid 

disease among subjects with a diagnosis of MS compared with subjects without MS. 

We have identified subjects with MS through the Patient Register (PR) and the MS 

Register (SMSreg) and subjects without MS through the Total Population Register 

(TPR). By using personal identity numbers and ICD codes, comorbidities among MS 

patients and diseases in those without MS were identified. These included 

appendicectomy, other immune-mediated disease, cardiovascular disease and all-cause 

mortality following cancer diagnosis. The study designs included in this thesis are a 

nested case-control study and three cohort studies.  

 

Results: There was a lower risk of MS in the group with perforated appendicitis but it 

was not statistically significant.   

Patients with MS had an elevated higher risk of other immune-mediated diseases while 

their parents had no increased risk.  

MS patients were more at risk of CVD and in particular, more likely to suffer from 

deep venous thrombosis than subjects without MS. This finding was observed in all MS 

courses.  

There was a lower magnitude raised risk of all-cause mortality after a cancer diagnosis 

in MS patients compared with the risk following cancer in the general population 

cohort.  

 

Conclusions: We found equivocal evidence that association of acute appendicitis with 

MS risk may vary depending on the diagnosis underlying the appendicectomy. We 

found no convincing evidence of a raised risk of other immune-mediated diseases in the 

parents of patients with MS. MS sufferers themselves appear to have an increased risk 

of a diagnosis of several immune-mediated diseases. There appears to be a statistically 

significant increased relative risk of CVD in MS patients and it is of a notably high 

magnitude for venous thromboembolic disorders in progressive MS. We found a lower 

magnitude raised risk of all-cause mortality following a cancer diagnosis in MS 

compared with the mortality risk following a cancer diagnosis in a general population 

sample. 

 

Keywords: Multiple Sclerosis, epidemiology, appendicectomy, comorbidity, cardiovascular, cancer, 

mortality, 
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A short foreword: 
 

I am a neurologist doing clinical work on Multiple Sclerosis (MS). The experience and 

expertise that I have gained over the years through my professional work in the field of 

MS have taught me that MS is a complex disorder. When I began to collect and study 

cases with accidental discoveries of MS in early 2003, I became aware of a different 

aspect of MS, namely, patients without clinical symptoms that were being investigated 

by a specialist other than a neurologist. In another series of MS cases, I observed that 

an MS diagnosis was given to patients with other immune-mediated diseases after they 

had been exposed to anti-TNF-alpha therapies. These observations, my professional 

experience and my current research have made me curious about MS aetiology and 

related comorbidity.  
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2 INTRODUCTION  
 

Multiple Sclerosis (MS) is a disease of the central nervous system (CNS) with 

heterogeneity in clinical course and neurological appearance. However, there is an 

incomplete understanding of its aetiology (1). Diagnosis remains difficult as no single 

clinical feature or confirmatory test is sufficient. MS has a variable onset and is 

described clinically by a mixture of symptoms and signs. MS is pathologically 

characterized by multifocal damage of myelin and axonal loss in the CNS, resulting 

in various physical disabilities cognitive or psychological impairments (2-4). MS 

tends to have its onset in young adulthood (5) with increasing disability over time.  

  

As the disease progresses and destruction of the myelin sheaths protecting the nerves 

continues, continuously brain atrophy occurs with an associated decline in more 

physical and mental abilities (6, 7) (Fig. 1). Measures of disease activity worsen and 

severity increases with progression (8). The issue of comorbidity between MS and 

other diseases has gained increasing prominence in neurology internationally during 

the last few years (9, 10). There have been a number of studies of Swedish 

populations that include the presence of comorbid conditions in patients with MS. 

Some have reported a higher risk of congestive heart failure (11) and chronic 

respiratory diseases such as chronic obstructive pulmonary disease (COPD) (12), 

pulmonary embolism (13), IMD (14) and cancer (15), as well as some cardiovascular 

diseases (CVD) (16).  

 

This thesis is concerned with using comorbidity in MS to elucidate aspects of the 

aetiology as well as prognosis following a diagnosis of MS. This has been achieved 

through epidemiological research that has made use of Sweden’s extensive national 

registers. Appendicectomy has been examined as a marker of early immunological 

characteristics, while risk of other IMD in parents was examined to identify possible 

inherited risks. The thesis is also concerned with outcomes following an MS 

diagnosis. One study assessed whether there is a raised risk of CVD in MS patients 

and another investigated and whether survival following cancer is shorter in MS 

patients than among the general population.  
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3 BACKGROUND 
 

3.1 Worldwide distribution of MS 

In Western countries generally, there is an increased incidence of MS over time (17), 

although with regional variations (18). The estimated regional risk in Scandinavia is 

almost the same for Sweden, Norway and Finland (4.1 - 5.3/100,000) (18-20). 

However, despite geographical similarity, in contrast to what was recently reported 

from Sweden (21), the Norwegian study group could not confirm a clear association 

between latitude and MS risk (22). The review of studies of association between 

latitude and MS suggests that environmental factors that vary by latitude – most 

prominently ultraviolet light (23) and vitamin D (24) – do play a more significant role. 

 

 

3.2 Epidemiology of MS in Sweden 

Epidemiological studies of MS rank Sweden as one of the high-risk areas for MS in 

Europe (25-29).   

 

Incidence and prevalence of MS in Sweden:  

The nationwide risk of MS in Sweden has increased in recent years. The regional 

incidence rate of 5.2 (4.4–6.2) per 100,000 per year was estimated for Västerbotten 

County for the period 1988–1997 (19, 30). At present, the suggested estimated incidence 

is 10/100,000/year (31). The prevalence in 2010 was estimated roughly to be around 

190/100,000 (21). 

 

Sex Ratio in MS:  

An interesting feature of MS is that it disproportionately affects women more than men, 

as in many other immune-mediated diseases (32). Females are affected approximately 

more than twice as often as males (33). However, the female-to-male ratio (sex ratio) of 

MS appears to have been changing over time: 1.70 for birthdates in the 1930s to around 

2.6 for subjects born in recent years (33). Data from two population-based studies are 

consistent in the finding that the increased frequency of MS in females arises from an 

increase in female relapsing-remitting MS (RR-MS) cases (29). However, RR-MS is the 

most common form of the disease and can partly explain the sex ratio differences in the 

initiating phase of the disease (34). 

 

3.3 Clinical features of MS 

The clinical symptoms of MS can vary, often coming and going without any specific 

pattern, which can in some cases make MS difficult to diagnose during the early phase. 

The most common clinical signs and symptoms, occurring in isolation or in 

combination, include sensory disturbance in the limbs, optic neuritis, acute and sub-

acute motor dysfunction of the limbs, balance, and gait dysfunction (35). Symptoms 

may involve the entire ascending or descending axons and can sometimes 

predominantly affect the spinal cord and optic nerves (36, 37).  

The rating of neurologic impairment in MS is mostly achieved by use of the expanded 

disability status scale (EDSS) (38). This scale only gives a rough picture of the disease 
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progression (39), but its repetitive measuring with progression can also be associated 

with CSF findings (40). 

 

Clinical course 

On the basis of symptoms and exacerbations, MS courses can be described in brief 

as described in some international reports (41, 42). 

 

Relapsing-Remitting course (RR-MS) 

Patients experience clearly defined relapses with episodes of acute deterioration of 

neurological function followed by remission after attacks and regain of function. 

This course of MS is the most frequent and the risk of disability is moderate. The 

RR-MS course is diagnosed in individuals who have at least one clinical attacks 

(each lasting ≥24 hours and separated by ≥1 month) or a slow, progressive course 

for at least six months (40). The new diagnostic criteria for MS from 2010 are 

based to a greater extent than previously on MRI finding and allows that 

sometimes even after the first relapse determine an MS diagnosis, if MR images 

can show that at least two inflammatory foci in time arises at least in two separate 

occasions (41, 43). 

 

Secondary-Progressive course (SP-MS) 

Patients in this phase of the disease experience a gradual worsening of disability,  

with or without occasional relapses or minor remissions (44). Diagnosis of SP-MS 

is usually straightforward except during the conversion stage when the two courses 

RR-MS and SP-MS merge (44). 

 

Figure (1):  

The figure depicts the natural course of MS. The preclinical phase of the disease can be identified as 

radiologically isolated syndrome (RIS), clinically isolated syndrome (CIS) and then courses of MS 

described as follows. The best established knowledge of MRI comes from studies done on these 

courses and shows chronological changes. Alongside disease progression, the volume of brain 

diminished and MRI series showed more atrophy. The corpus callosum damage is the major cause 

of most of the brain atrophy and thereby the cognitive impairment over time (6, 45). 
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Primary-Progressive course (PP-MS) 

Diagnostic criteria for PP-MS include a minimum period of clinical progression of 

at least 12 months and onset between the age of 25 and 65 years. This course is not 

associated with distinct relapses or remissions. However, there are variations in 

rate of progression over time, sporadic plateaus, and temporary minor 

improvements, although with a persistent steady reduction of mobility over time 

(Fig. 1) (46). 

 

Progressive-Relapsing course 

Patients with this type of MS experience a steady deterioration of symptoms from 

the onset but also have clear acute relapses, with or without recovery. In contrast to 

the RR course, the periods between relapses are defined by ongoing disease 

progression (47). This progression often entails more intensive uninterrupted 

treatment (47). 

 

3.4 Pathology and pathological subtypes  

The MS plaque is the hallmark of its pathology. The cores of the plaques are filled 

with a central vein that is surrounded with inflammatory components and 

demyelination which, on gross examination, appear as greyish foci within 

otherwise dense white matter (48). Histologically, plaques contain constituents of 

cellular and humoral immune components (e.g. lymphocytes, macrophages, natural 

killer cells and antibodies) and may demonstrate marked heterogeneity (49).  

Early on in the disease, remission of symptoms is likely to be due to resolution of 

inflammation (49), channel redistribution, and re-myelination following initial 

neurodegeneration (50); however, after frequent attacks, axonal damage is more 

likely to occur and axonal loss accumulates. Hence the balance between injury and 

repair probably determines the progression of MS (36) with progressive 

neurodegeneration (51). Within active inflammatory MS lesions, the transected 

axons are a consistent feature of the MS lesions (Fig. 2) (48, 52).  

 

Figure (2): 
The figure below illustrates the pathological subtype of MS in different courses of MS. Subtypes I 

and II show ongoing inflammatory attacks while the other shows a slower degeneration of myelin.  

 

  
 

Pathological evidence indicates that subtyping based on clinical courses alone does 

not reflect the actual course of MS and the heterogeneity of MS courses. Analyses 

of biopsy and autopsy specimens have identified at least four histopathological 



 

  13 

subtypes with respect to oligodendrocyte/myelin pathology and immunopathology. 

The most commonly observed lesion in RR-MS is the type II plaque. This lesion 

contains T-cells, B-cells, antibody and complement deposition, and has the typical 

look of inflammation in the surrounding veins. Other types of plaque include 

damage to oligodendrocyte. These subtypes of MS plaque are associated with 

heavy macrophage activation, T-cell infiltration and expression of inflammatory 

mediator molecules (35, 48). 

The neuroimmunological involvement in each subtype of T- or B-cells is critical. 

Regulatory T-cells downregulate the attacks in MS while the Th1 CD4+ subset is 

widely recognized as a critical lymphocyte population for initiating inflammation. 

Despite the critical role of T-cells in MS pathogenesis, macrophages are the final 

vectors of tissue destruction. Upon infiltrating the CNS, activated T-cells secrete 

cytokines that in turn recruit activated macrophages, resulting in tissue destruction 

(49, 53) (Fig. 2).  

 

 

3.5 Diagnosis   

MS is primarily a clinical diagnosis. However, there are a number of laboratory and 

radiological examinations that are used to confirm the diagnosis. More recent criteria 

specifically integrate MRI findings in parallel with clinical and paraclinical 

observations (36). MS criteria can be divided roughly to the time before MRI use in 

diagnosis of MS (the Schumacher Committee developed the first official criteria for the 

diagnosis of MS in 1965, from which all subsequent criteria have been derived) and 

subsequent to the introduction of MRI (the Poser Committee generated the Poser 

criteria in 1983). The most recent updated criteria of MS were reviewed in 2013 (41).  

 

 

Criteria for MS diagnosis 

MRI has been used to define the Poser diagnostic criteria for MS, and, most 

recently, the McDonald Criteria, which have undergone three further revisions 

since their introduction in 2001. These criteria are used for the diagnosis of the 

majority of our MS subjects. 

 

 (a) The Poser criteria described the following: 

a.1 Definite MS, subdivided into clinically definite MS or laboratory-supported 

definite MS. 

a.2 Probable MS, subdivided into clinically probable MS or laboratory-supported 

probable MS (54). 

 

(b) The McDonald criteria  

The new revised McDonald criteria were published in 2011 and they cover clinical 

and imaging features in both adults and children who have clinical symptoms 

suggestive of a first episode of MS (55, 56). The McDonald criteria describe MS 

as:
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b.1 Definite MS  

The diagnosis of MS is constructed on the finding of MS-typical CNS lesions 

disseminated in space and time based upon clinical findings alone or a combination 

of clinical and MRI findings. 

b.2 Possible MS (42, 57). 

 

 

MRI  

MRI was a diagnostic breakthrough in MS and was introduced in Swedish 

hospitals in the early 1980s. Pathological findings in MRI, e.g. Dawson fingers, are 

now internationally considered in the evaluation of MS disease burden. The 

medullary veins in MS lesions can confirm relatively specific signs for MS when 

investigation is performed by the newer generation of MRI (callososeptal location) 

(56, 58, 59).  

Worldwide, MRI has improved the definition of what constitutes a relapse and 

what signifies inflammation. This has helped in the identification of novel imaging 

features that are likely to have an important role in the diagnostic work-up of 

patients with suspected MS and its differentiation from other diseases and 

progression (36, 56, 60).  

 

 

Cerebrospinal fluid  

The investigation of cerebrospinal fluid (CSF) was a necessary part of MS 

diagnosis long before the launch of MRI in Sweden. Nowadays, this procedure is 

still an important diagnostic tool (61), especially in some patients where MRI 

scanning may not be entirely conclusive due to the dissemination of lesions in 

space/time and because T2 white-matter lesions may be somewhat 

uncharacteristic. Particularly in PP-MS, the spinal cord MRI and the brain MRI 

may not conclusively indicate dissemination in space. It is in this group of patients 

with few or somewhat atypical brain white-matter lesions that examination of the 

CSF immunopathy findings is of helpful diagnostic value. Information on the 

oligoclonal bands (OCB) in CSF is useful in making an MS diagnosis (62-64).  

Additional novel newer biomarkers for MS include osteopontin, TNF-alpha, 

various cytokines and chemokines and b-crystalline. However some variation in 

sensitivity and specificity is reported (36, 65).  

 

 

Evoked potentials  

An evoked potential test measures the time it takes for nerves to respond to 

stimulation. Visual evoked response or potential (VER or VEP), Somatosensory 

evoked response or potential (SSER or SSEP), and Auditory brain stem evoked 

response or potential (ABER or ABEP) can also be used in differential diagnosis 

of MS (36, 55). Some suspected cases of MS, especially PP-MS, are referred for 

some of these neurophysiological investigations to exclude other differential 

diagnoses (55).  
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4 RISK FACTORS FOR MS  
Genetic characteristics have been studied to identify potential risk factors for the 

disease. Leading environmental risk factor candidates at present include infections 

(especially early-life viral infection) (66), ultraviolet light exposure and vitamin D 

status (67), and inconsistent patterns of association with smoking (68, 69), psychosocial 

stress (70) and socioeconomic circumstances (71). There is thought to be an interaction 

of environmental risks with genetic factors, thus influencing the risk of developing MS 

(72, 73).   

 

 

4.1 Genetic risk factors  

 

4.1.1 Risk genes for MS  

Available data suggest that MS is inherited as a complex multifactorial disorder that 

results from the interaction of genetic and environmental factors (74). The genetic 

component was originally only mapped to the human leukocyte antigen (HLA) region 

(75). However, genetic studies of large samples of patients and controls obtained 

through the International Multiple Sclerosis Genetics Consortium (I.M.S.G.C.) have 

identified a list of more than 100 MS risk-gene regions in addition to HLA-DRB1 (76). 

Today, many risk alleles have been discovered and the risk associated with each of 

these loci is low (77-80). In other words, it is likely that the risk genes contribute or 

indirectly influence interactions with the currently known environmental risk factors 

vitamin D, Epstein-Barr virus, and smoking (73). 

 

 

HLA and Non-HLA genes  

The HLA region on chromosome 6p21, also known as major histocompatibility 

complex class II (MHC II) genes, encodes cell surface α/β heterodimeric 

glycoproteins that present foreign antigens to T lymphocytes. There are three MHC 

II isotypes: HLA-DR, -DQ, and –DP encoded within the MHC II locus (81-83).The 

strongest association with MS has been observed in the DR2 serotype, which is 

refined with DNA-based typing methods to the DRB1*1501 allele (84). However, 

it has been hard to establish precisely whether the functionally relevant effect 

derives from the DRB1*1501, DQA1*0102-DQB1*0602, or DRB5*0101 loci of 

HLA-DR15 haplotype, their combinations, or their epistatic interactions. 

Nevertheless, most genetic studies have indicated DRB1*1501 as an important risk 

factor in MS (80, 85-87) (OR, 8.3, 95%CI: 4.8–14.5) (88). The HLA significant risk 

determinants in MS have been indicated to be less strong in Chinese meta-analysis 

than in Western MS populations (89). Conversely, non-HLA genes, e.g. IL7R gene, 

are also reported to have a critical role in MS neuroimmunology (90). 
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Single nucleotide polymorphisms and genome-wide association studies 

A linkage study using a high-density single nucleotide polymorphism (SNP) map in 

730 multiplex families resulted in overwhelming evidence for the involvement of 

the HLA region in influencing MS risk. The large number (typically 500,000 to 

1,000,000) of tests covered most (>80%) of the common variation throughout the 

genome in genome-wide association studies (GWAS). The risk in non-HLA alleles 

had modest effect sizes, 1.1-1.2, and the major signal from the HLA region with an 

odds ratio of 3. The established variants of non-HLA together with the HLA 

variants are estimated to explain 25% of the sibling recurrence risk (91-94). 

 

4.2 Environmental risk factors  

Some environmental risk factors have aroused much interest among researchers in MS 

(68, 95-97), but in this thesis I will only describe the most frequently reported factors 

which have been attracting the greatest current interest for their potential role in MS 

pathogenesis. 

 

 

Sunlight and vitamin D  

Several genetic and environmental risk factors for MS may operate through the 

influence of vitamin D (98, 99). The research results are not consistent, when 

investigating the association between MS and vitamin D. 

 

Figure (3):  

The figure depicts a simplified pathway for sunlight-generated vitamin D in the skin to its 

target receptors in the nucleus of the cell (Open source: Sage publication Ltd 2013). 
VDR=vitamin D response, RXR=retinoid X receptor, VDRE= vitamin D response element.  

 

 

 

Some studies have found that a low 25-hydroxyvitamin D level is associated with 

increased MS risk (100-102). Other studies suggested that the MS risk was lower 

among women whose mothers, while pregnant, had increased vitamin D intake. 

The risk was lower among women who had received vitamin D supplements in 

adolescence (103) but another recent study determined this result to be due to bias 

(104). A newly published Swedish study did not show any association between low 

vitamin D at birth and risk of MS later in life (105). With focus on MS course, 
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some longitudinal studies have shown an association between high 25-

hydroxyvitamin D levels and lower relapse rates in patients with MS (101). A meta-

analysis has found no significant association between high-dose vitamin D 

treatment and risk of MS relapse (OR, 0.98, 95%CI: 0.45-2.16) (106).  

Experimental findings revealed that administration of calcitriol could prevent the 

progression of experimental allergic encephalomyelitis (EAE). Vitamin D3 showed 

a beneficial effect on EAE severity in female mice. In contrast, low vitamin D 

could reduce EAE severity in mice whose mothers were vitamin D deficient (107). 

To summarise,  the causal role of vitamin D in MS needs to be established through 

more population-based studies (105, 106). 

 

Smoking  

Case-control, cohort and meta-analysis studies cumulatively suggest that cigarette 

smoking is associated with increased MS risk (68, 69, 108, 109). Higher 

consumption of cigarettes (15 cigarettes per day for 15 years) results in greater risk 

(OR:1.6, 95% CI: 1.4-2.0) (68) compared with people who have never smoked 

(never-smokers). There are probably important interactions between smoking and 

other environmental and genetic risk factors for MS development (110).  

A meta-analysis combining data on 3,052 MS patients and 457,619 controls 

showed that smoking is associated with increased MS susceptibility (RR:1.48, 

95%CI: 1.35–1.63) (69). Interestingly, another study has also found a modest 

increased risk in never-smokers who had never been exposed to passive smoking 

(OR:1.3, 95%CI: 1.1–1.6) (111) compared with smokers. The association of 

smoking and MS courses has also been studied and the findings are conflicting. 

However, in general, smoking is understood to be a potential modifier of the 

progression of MS (68, 109, 112). 

 

Infections in early life  

The hypothesis that MS could be the result from an aberrant immune response 

possibly triggered by delayed exposure to a common childhood infection (113) is 

in part based on indirect evidence from migration studies (114). Several studies 

have related the risk of MS to age of childhood infections such as measles, 

rubella, varicella, mumps, pertussis and scarlet fever (66, 115-117) and EBV (17). 

However, results have been inconclusive, whereas meta-analysis of the results 

found increased risk of EBV seropositivity (OR: 4.5, 95%CI: 2.8 - 7.2). This risk 

of MS suggested by funnel plot examination (sometimes referred to as a test for 

small study effects) has shown asymmetry and the risk of seropositivity was no 

longer significant (OR:1.4, 95%CI: 0.9 - 2.1) (118). It suggested publication bias 

for the reporting of the increased antibodies against EBV. A new Scandinavian 

study has reported evidence that the EBV antibodies in MS patients follow the 

effect of INF treatment (119).  

The initial EBV infection occurs at an early age and is either asymptomatic or it 

produces some symptoms masked with many other childhood illnesses. However, 

in highly developed regions such as Northern Europe, the initial infection is 
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probably delayed until a later age. This viral infection seems specifically to target 

the epithelial cells of the oropharynx and the B cells and latently produce the 

antibodies which can attack CNS. However, this happens only in 1/900 of those 

subjects with previous mononucleosis (17). Several other hypotheses, like genetic 

(120) or transmitted (121) pathways, have been proposed to explain the links 

between EBV and MS risk. However, the evidence is inconsistent and these gaps 

require further research (122). 

 

 

Stress factors  

It is suggested that psychosocial stress can affect the risk of MS onset and its 

clinical course (123, 124). There are also review papers and meta-analysis reports 

(125, 126) that suggest a modest association, that stressful life events are 

associated with an increased risk of MS exacerbations in weeks or months after 

exposure (126). But it is not clarified whether life with higher stress may increase 

the risk of developing MS (70). Information about the biological mechanisms that 

mediate stress-MS relationship comes primarily from animal studies of 

experimental autoimmune encephalomyelitis (EAE) model (127, 128). 

 

Socioeconomic circumstances 

In general, reports on socioeconomic position are not consistent in risk 

association with MS across America or Europe. But regionally, in California, the 

groups with higher socioeconomic status, as measured by levels of education, 

occupation, income, profession, migration rate or dependency on social welfare 

support, have an increased overall risk of MS (71). This association in Europe is 

somewhat different as a Danish cohort study determined a slightly reduced risk of 

MS in children of mothers who had higher education (RR:0.86; 95%CI: 0.76 - 

0.97) (129). Conversely, a Swedish study showed parental age to be more 

important than the parents’ socioeconomic position (130). A study from France 

with a focus on socioeconomic status and social stress confirmed that MS appears 

to be more aggressive in North Africans dependent on the social welfare system 

than in European patients living in stressful regions in France without economic 

welfare support (131).  

______________________________________________________________________  
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5 IMMUNOMODULATION THERAPIES (IMT):  
 

 

5.1 Conventional immune modulating therapies 

All current treatments and those that are about to enter the market act on systemic 

immunity. There is compelling evidence that treatment strategies targeting systemic 

immune activation or migration of immune cells to the brain and spinal cord prevent 

relapses in MS and has recently been reviewed by Olsson and Bridel (132, 133). 

There are currently a large number of treatments with well-documented effects on 

disease progression in MS. Common to all of these treatments is that they have shown 

effects on what is often called "the inflammatory component" in MS and new 

enhancement and changes on MRI. For all currently approved drugs for MS, it has been 

documented that these treatments reduce the progressive development of disability and 

they are categorised as first line or second line IMT (57, 132, 133). 

However, it is important not to see this as evidence that these treatments are effective in 

progressive MS in the way we talk about progression when discussing PP-MS and SP-

MS, but rather see it as if they reduce the accumulated disability arising from discrete 

inflammatory processes in form of relapses and well-demarcated lesions on T2 - 

weighted images on MRI (134). In the reported studies of this thesis, we focused on 

those IMT which were approved in Sweden prior to 2006. 

 

 

A. First-line immunomodulation therapies 

Interferon beta and glatiramer acetate have been the mainstays of treatment in 

relapsing-remitting MS for around two decades. Interferon-β has been known since 

interferons (IFN) were first described in 1957 (135). Interferon-β preparations have 

a similar mechanism of action, although initial testing of these agents was based on 

the notion that MS was caused by a virus. Since it was believed that the natural 

course of MS could be altered, glatiramer acetate (Copaxone) was also added to 

first line therapy of MS; however with effect and side-effect (136, 137). These MS 

treatments have been available for many years but they are only partially effective 

in reducing annualised relapse rates (132, 133). On the other hand, with no major 

long-term safety concerns, despite the disturbing flu-like side-effects on injections 

and skin reactions, they are recommended as first-line therapies (135). 

 

Corticosteroids 

The use of corticosteroids in MS has primarily focused on delay of exacerbations, 

but there is evidence to support the use of steroids as a preventative therapy. Data 

from the Optic Neuritis Treatment Trial (ONTT) suggest that the use of high-dose 

steroids reduces the risk of development of MS at 2 years following the initial optic 

neuritis event (138). Furthermore, a randomized, controlled phase II trial utilizing 

pulsed high-dose methylprednisolone over the course of 5 years showed a reduction 

in brain atrophy (139). 
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B. Second-line immunomodulation therapies (IMT)  

 

Natalizumab: 

The first monoclonal antibody therapy for MS was approved in Sweden in 2004. 

Natalizumab blocks migration of leukocytes from the vasculature into the 

parenchyma of the brain, resulting in reduced inflammation (140). The latest 

Cochrane report considers this drug as the most effective IMT compared with INFs 

and GA (141).  

 

Fingolimod 

Fingolimod is an oral sphingosine-1 phosphate (S1P) receptor modulator that also 

reduces the risk of disability progression with a probability of disability progression 

(confirmed after 3 months) of 17.7% at the 0.5 mg dose. Almost 90% of patients 

receiving Fingolimod, at either dose, were free of enhancing lesions over the course 

of 2 years and approximately 50% were free of new or enlarging T2 lesions (142). 

 

5.2 Non-conventional immune modulating therapies 

This small group of drugs are containing a variaty of treatment for MS and they are 

not considered in our studies as they were not liecened as IMT for MS. 

______________________________________________________________________  
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6 Comorbidity as studied in this thesis  
 

 

Study I: Appendicectomy and multiple sclerosis risk. 

 

An apparent protective effect of acute appendicectomy for the risk of other IMD has 

been examined in previous studies, such as for ulcerative colitis (143, 144). Acute 

appendicitis, particularly at a younger age, is reported to be inversely associated with 

ulcerative colitis (UC) (OR=0.58; 95%CI: 0.38 - 0.87) (143, 145-147), but this risk 

reduction was not evident in subjects with appendicectomy due to non-specific 

abdominal pain (143, 145). It seems that it is not appendicectomy per se that reduces 

the risk of UC; it is rather the exposures or characteristics associated with appendicitis. 

A similar but somewhat weaker association has also been reported for coeliac disease 

(CD) (144) with lowered risk for appendicitis (identified through a perforated 

appendix) but not appendicectomy for other underlying causes.  

 

The association between appendicectomy and MS has been investigated previously 

with inconsistent results. Poskanzer et al and Lamoureux et al have shown that patients 

with MS have an increased (148) or identical (149) likelihood of having an 

appendicectomy when compared with individuals without MS. Both studies were based 

on a small number of patients and did not consider the diagnosis underlying 

appendicectomy in their estimations (148-150). This may account for the variation in 

results. Without other information, it has been suggested that a perforated appendix is 

the most reliable indicator of acute appendicitis, while appendicitis without perforation 

and mesenteric lymphadenitis may be somewhat more heterogeneous.  

 

 

Study II: Shared genetic factors may not explain the raised risk of comorbid 

inflammatory diseases in multiple sclerosis. 

 

An excess occurrence of inflammatory diseases has been reported in MS patients (14, 

151), suggesting that these diseases share inherited risks with MS. Such risks could 

include genes of the HLA complex, and the class II genes in particular, which are 

associated with many inflammatory diseases (152). There are also non-HLA genes that 

could be shared between MS and other inflammatory diseases (153). Different HLA 

alleles tend to predispose for different organ-specific inflammatory diseases (154, 155), 

so it is possible that the clinical manifestation of some of the other diseases may be 

altered in MS patients. For example, the HLA haplotype HLADRB1*15:01 predisposes 

for MS, while this allele is protective against T1D (14, 156), even though there may be 

other shared inherited risks (156). Furthermore, the epitope alleles within the HLA-

DRB1 gene also share a common feature for rheumatoid arteritis (157). By assessing 

the manifestation of IMD in parents of subjects with MS, it may be possible to further 

illuminate inherited shared risks for MS and IMD. As a consequence of a complex 

model of inheritance, there will be a greater variation of HLA genotypes among first-
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degree relatives of MS patients than among MS patients themselves (158). Disease 

associations in relatives could potentially be less influenced by MS HLA genotypes and 

provide more information on other hereditary factors (14, 151, 158-160). 

Previous studies have reported an increased risk of immune-mediated disorders such as 

ulcerative colitis, and Crohn’s Disease, (14, 151, 161) psoriasis, (14, 102, 162) and 

T1D in parents of patients with MS (14, 163). However, some of these studies may 

have had methodological limitations leading to reporting bias or they have investigated 

a relatively large number of diseases and their sub-diagnoses, and are therefore subject 

to the risk of reporting chance associations (151).  

 

 

Study III: Multiple sclerosis clinical course and cardiovascular disease risk - 

Swedish cohort study  

 

There are some recent reports that suggest an increased risk of cardiovascular events in 

patients with MS (16, 164). These cardiovascular events have been linked with the 

recent introduction of some forms of IMT (165) for patients with MS. Another study 

has connected a higher risk of CVD with immobility, which is more common as 

disability progresses in MS (166).  

Previous studies have reported an overall increased risk of CVD in MS (16, 164, 167-

170); however in the latest review of CVD risk in MS, none of the included studies 

have examined the risk of CVD by MS course (171). The risks accumulated for CVD 

(171) may vary by MS course as it characterises the pattern of disease progression 

(172). Characteristics and exposures associated with MS progression (173) and 

potentially with CVD risk could include reduced physical activity, immobility, raised 

infection risk, inflammation and other sequelae of worsening chronic disease (170, 174, 

175).  

Here, with the focus on risk of CVD in each respective MS course, we use data from 

the National Swedish Multiple Sclerosis Register, as information on MS course is not 

usually available from hospital inpatient discharge summaries. The follow-up period 

for this study was at the time before the introduction of some MS therapies linked with 

CVD risk; thus it focused on other MS-associated factors that may influence CVD risk. 

 

 

Study IV: All-cause mortality following a cancer diagnosis amongst multiple 

sclerosis patients: a Swedish population-based cohort study 

 

The risk of cancer appears to be reduced in MS patients (15). It is not well understood 

whether the lower risk in subjects with MS is because of MS-related characteristics, 

or if it is influenced by ‘diagnostic neglect’, where cancer symptoms and signs are 

overlooked and attributed to MS. If cancer diagnoses are more often delayed in MS 

patients, then the mortality risk could probably be adversely influenced (176). As MS 

is associated with excess mortality from a variety of causes (177), cancer-specific 

mortality may be subject to problems with competing risks. Therefore, we used all-

cause mortality as the outcome following a cancer diagnosis in people with and 
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without multiple sclerosis. It was necessary to consider the statistical interaction of a 

cancer diagnosis together with whether an individual had MS to assess whether the 

risk of excess mortality following cancer was of a higher magnitude among MS 

patients. This interaction testing helps to take into account differences in longevity 

among those with and without MS.  

______________________________________________________________________  
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7 SPECIFIC OBJECTIVES OF EACH STUDY  
 

The specific objectives of the four studies described in this thesis were as follows: 

 

7.1.1.1 Study I  

To test the hypothesis that acute appendicitis, but not appendicectomy with other 

underlying diagnoses, is a marker of immune function that may be relevant to the risk 

of MS later in life.  

 

 

7.1.1.2 Study II  

To test the hypothesis that the occurrence of immune-mediated diseases (other than 

MS) is increased in parents of MS patients. By examining these diseases in the patients 

themselves, it will be possible to assess if the pattern of risk is different. This could help 

to identify possible inherited risks of MS. 

 

 

7.1.1.3 Study III  

To test the hypothesis that the accumulation of CVD risks may vary by MS course as it 

signals a pattern of disease progression, such that the association with CVD risk differs 

by course. 

 

 

7.1.1.4 Study IV  

To test the hypothesis that the reported reduced risk of cancer in MS patients is 

influenced by diagnostic neglect: we hypothesise that if diagnostic neglect is common, 

cancer diagnoses will be delayed and thus the mortality risk will be increased. This 

involves testing whether survival following a cancer diagnosis is lower in subjects with 

MS than among those without MS.  

______________________________________________________________________  
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8 STUDY POPULATIONS AND METHODS  
 

 

8.1 General information about materials and methods 

 

All of the studies presented here used information from Swedish population registers. 

All patients who received a diagnosis of MS in Sweden between 1964 and 2005 in the 

Patient Register (PR) were identified. MS patients registered in the national Swedish 

Multiple Sclerosis Register (SMSreg) were also identified. Parents of those with and 

without MS were identified through the Multi-Generation Register. Information on 

dates of death, immigration and emigration was provided by registers held by Statistics 

Sweden. The PR provided data on other diseases and procedures of interest: 

appendicectomy, cardiovascular diseases, immune-mediated diseases and cancer.  

 

 

Matching: 

Subjects with MS were individually matched with up to 12 (fewer in a small minority) 

individuals without the disease identified among the general Swedish population by 

Statistics Sweden. The matching criteria were date of birth, sex, vital status, region of 

residence and age at the time of diagnosis in the matched population. This matching 

was used in all four studies to increase precision or limit substantial bias or 

confounding. 

 

 

8.2 Details of the registers   

8.2.1.1 Total Population Register  

Since 1947, every resident in Sweden has been registered in the Total Population 

Register (TPR) (Swedish: folkbokföring) and administered by the Swedish Tax Agency 

(Skatteverket). Each person is provided with a 10-digit personal identity number (PIN). 

This unique PIN has been used in research to link information from the registers. The 

TPR has provided us with information about emigration, immigration, socio-economic 

index (SEI), and region of residence. 

 

Socio-economic Index drawn from the Population and Housing Census.  

Population and housing censuses were conducted periodically between the years 1960 

and 1990, (in 1960, 1970, 1980, 1985 and 1990). The socio-economic index (SEI) was 

based on occupation and used in all adjusted estimations in studies I-IV. SEI was 

categorized into manual workers, non-manual workers, professionals, self-employed, 

farmers, and others in Papers I-IV (15). 

 

Studies I-III comprise data from 24 areas of Sweden that approximate to Sweden’s 

counties. Study IV categorises geographical places according to the six health centres 

of Sweden including the medical regions Umeå, Uppsala, Stockholm, Linköping, 

Göteborg and Lund-Malmö that are relevant to the provision of cancer care (173). 
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8.2.1.2 Swedish Multiple Sclerosis Register 

The first Interactive Database for Multiple Sclerosis (IDMS), for several local Swedish 

databases, was developed at Huddinge University Hospital (now integrated into the 

Karolinska University Hospital) in Stockholm in 1995 (178). The National Swedish 

MS Register, SMSreg, was established in 1996 and then used a web-based interface 

from 2004 covering most of the geographical area of all the hospitals in Sweden. This 

register is now part of the Swedish neuroregister and more than 60 healthcare units 

from all counties across Sweden participate in the daily updating (178). Now with an 

estimated complete national coverage, and contains information on close to 14,600 

Swedes diagnosed with MS (33). A previous study has confirmed over 90% diagnostic 

accuracy for patients included in the SMSreg (15). 

 

The Swedish MS register (SMSreg) was established: 

- To collect selected information about all subjects with MS living in Sweden 

- To provide information about the distribution of MS care in Sweden  

- To ensure treatment compliance and assess appropriateness of treatment indications  

- To evaluate the effect of short-term effects of selected treatments 

- To evaluate the long-term efficacy of modern immune modulation medications  

- To create a base for epidemiological studies on a national level 

- To enable collaboration for planned and future international projects (178). 

 

 

8.2.1.3 The National Patient Register  

This register is held by the National Board of Health and Welfare (179). Statistics on  

diseases and surgical treatments in Sweden have been publically published for more 

than 100 years (180). 

In the 1960s, the National Board of Health and Welfare started to collect information 

on inpatients at public hospitals, the National Patient Register (PR).  

Since 1987, the NPR has included all in-patient care in Sweden. PR includes 50 million 

discharges for the period 1964-2006. Since 2001, it has also contained information on 

outpatient visits including day surgery and psychiatry from both private and public 

care-givers. At present, the PR is updated once a year. 

 

 

The register contains the following information:  

Patient data (personal identity number, sex, age), geographical data (county council, 

hospital/ clinic, department), administrative data (inpatients or outpatient; date of 

admission, date of discharge, length of stay, acute/planned admission, admitted from, 

discharged to), medical data (main diagnosis, secondary diagnosis, external cause of 

injury and poisoning, procedures). The PR has used several ICD classifications, starting 

with ICD-7 (1964-1968), ICD-8 (1969-1986) then ICD-9 (1987-1996). ICD-10 was 

introduced in 1997, with the exception of the county of Skåne where ICD-9 was still in 



 

  27 

use throughout 1997. The accuracy of diagnoses recorded in the Patient Register is 

generally between 85-95%, but this can vary by disease (180).  

 

 

8.2.1.4 Multi-generation Register  

The Swedish Multi-generation Register (MGR) allows linkage between first-degree 

relatives. Information mainly exists for subjects born after 1931 and who were alive in 

1961 when the register was established. 

In 1961, the first census was conducted which was computerized and later used to serve 

as a basis for the MGR. The database has been used extensively in epidemiological 

research to assess familial disease risks (14, 15, 181). 

 

 

8.2.1.5 Cancer Register (CR) 

The cancer register has collected information since 1958 on all cancer diagnoses in 

Sweden. Additionally, site and histopathology of tumours has been coded in the ICD-

O/3 systems of topography and morphology since January 1, 2005. In the present 

publication, ICD-O/3 figures for coding site have been translated to comply with earlier 

ICD-7, so that this coding system can be used consistently over time. 

It is required that physicians, pathologists and cytologists separately report every 

tumour diagnosed from surgically removed tissues, biopsies, cytological specimens, 

bone marrow aspirates and autopsies. Thus the majority of diagnoses are notified twice, 

in separate reports sent to one of six regional cancer registers. Only persons that have 

an official personal identity number with residency in Sweden are included in the CR. 

Included in CR are patient data including personal identity number, sex, age, and, place 

of residence, medical data including site of tumour (the codes are available as ICD-7 

codes for the whole period from 1958), histological type, stage (has been included since 

2004), basis of diagnosis, date of diagnosis, reporting hospital and department, 

reporting pathology/cytology department, and identification number for the tissue 

specimen, follow-up data, including date and cause of death, as well as date of 

migration (15, 182, 183). 

 

 

8.3 Ethical considerations 

Whenever register-based data based on the PIN is to be used, the medical project is 

reviewed by an ethical review board (184). The principles of the declaration of Helsinki 

were applied for all data handling. Therefore all studies in this thesis were approved by 

the Regional Ethical Review Board in Stockholm attached to Karolinska-University 

hospital and Karolinska Institutet, Dnr: 2006/546-31/3. 

______________________________________________________________________ 
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9 DESIGN AND METHODS  
 

 

9.1.1 Study I 

In a nested case-control study, cases with MS diagnosis, (n=20542), were identified 

and matched with controls (n=204157) from the original cohorts. Appendicectomy was 

identified using the Swedish Classification of Operations and Major Procedures using 

data obtained from the PR. The underlying diagnosis of appendicectomy was 

characterized as perforated (most likely to indicate acute appendicitis), non-perforated 

and other appendicitis (least likely to indicate acute appendicitis).  

 

 

9.1.2 Study II 

A cohort study with a total of (n=20543) patients who received a diagnosis of MS in 

Sweden between 1964 and 2005 were identified using the PR and SMSreg, and a 

comparison cohort without MS (n=204163) was also identified. In total, 267 MS 

patients and 212 individuals without MS were excluded due to missing information. 

Using the Multi-Generation Register, data on 11,284 fathers and 12,006 mothers of 

patients with MS, and 123,158 fathers and 129,409 mothers for members of the 

comparison cohort members without MS, were obtained. If parents died or emigrated 

prior to the study period, then they were not included in the study.  

 

Figure (4): 

The subjects with and without MS (Index cohort) were linked to their parents through the MGR.  

 

 
 

 

 

9.1.3 Study III 

This is a cohort study, limited to patients with MS identified through the MS Register 

and their matched comparators. Through the SMSreg, a total of (n=7,958) individuals 

with a diagnosis of MS were identified up until December 2005. The main clinical 

courses of MS recorded are relapsing–remitting (RR), secondary progressive (SP), 

primary progressive (PP) and progressive relapsing (PR) forms. The course is assessed 

during clinic visits and the SMSreg is updated if the disease course has changed. The 

most recently recorded course is used here. 
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A total of (n=78,903) individuals were included in the matched comparison cohort. 

Some 291 patients with MS and 2,858 matched comparators who had a record of CVD 

before study entry were excluded. These were the matched comparison individuals 

from the larger cohorts.  

CVD diagnoses were identified using the international classification of diseases (ICD) 

codes between 1969 and 2005 using the PR. The ICD codes for cardiovascular diseases 

used in the analysis included rheumatic heart diseases, hypertensive diseases, ischaemic 

heart diseases, pulmonary heart disease and diseases of pulmonary circulation, 

cerebrovascular diseases, and diseases of arteries, arterioles and capillaries, and 

diseases of veins, lymphatic vessels and lymph nodes, not classified elsewhere.  

 

 

9.1.4 Study IV 

The cohorts of subjects with MS (n=20,543) and without MS (n=204,163) were 

utilised. Those who did not have a cancer diagnosis prior to study entry were included. 

A total of 1,768 MS patients with cancer and 24,965 cancer patients without MS had a 

primary cancer diagnosis between 1969 and 2005.  

The benign tumours were not considered in risk estimations of mortality after cancer 

(333 with multiple sclerosis and 3,739 without multiple sclerosis). Cancer diagnoses 

after death or based on autopsy findings were excluded from the analysis: 98 subjects 

from the multiple sclerosis cohort and 878 from the general population cohort.  

______________________________________________________________________  
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10 STATISTICAL ANALYSIS 
 

Shoenfeld´s partial residuals were used to test violation of the proportional hazard 

assumption in Studies II-IV and there was no indication of violation in Study II. All 

tests were two-sided and P<0.05 was considered to be statistically significant. 

  

 

10.1 CONDITIONAL LOGISTIC REGRESSION IN STUDY I  

The relative risk was estimated using Odds ratios (OR) with 95% confidence intervals 

(95%CI). Conditional logistic regression (using the risk-set structure), with adjustment 

for socio-economic index, assessed the association of diagnosis underlying appendicitis 

with MS risk. Further analyses were stratified by age at MS diagnosis, year of diagnosis 

and sex. 

 

 

10.2 COX REGRESSION IN STUDY II 

The relative risks were expressed as hazard ratios (HR) with 95% confidence intervals 

(CI 95%) produced by Cox regression. The outcome variables were dates of IMD 

diagnoses. The risk of IMD among fathers and mothers of patients with MS were 

investigated separately and combined. Follow-up time was the underlying time scale 

and the models were stratified based on period (in 10-year intervals). The models were 

adjusted for age, sex of the index person, region of residence and SEI. Follow-up was 

from 1964 or from birth or immigration if this occurred subsequently. Follow-up time 

ended on the date of first discharge diagnosis of immune-mediated diseases, 

emigration, death, or study period end date, 31 December 2005.  

 

 

10.3 POISSON REGRESSION IN STUDIES III AND IV 

We estimated relative risks with 95% confidence intervals using Poisson regression 

models in Studies III and IV. Both studies had attained age (age at follow-up) as time-

scale, where subjects enter the analysis at their baseline age (left-truncation) and exit at 

their event/censoring age. All analyses in these two studies were adjusted for follow-up 

duration, with further adjustment for year at entry, age at entry, sex, SEI and area of 

residence or regional cancer centre. 

 

 

10.3.1 Study III  

Analysis includes risk comparison between the MS cohort, and the non-MS cohort with 

follow-up time beginning at MS diagnosis (and the same time-point for the matched 

comparators). The follow-up ended at diagnosis of first event of CVD, emigration, 

death, or study end in 31 December 2005, whichever occurred first. CVD diagnoses 

were examined as outcomes (using separate models) as one of the following: all CVD 

combined, grouped CVD diagnoses, or by specific diagnoses (Appendix 1).  
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Similar analyses were repeated separately to estimate the associations of CVD with MS 

courses (relapsing-remitting (RR-MS), secondary progressive (SP-MS), primary 

progressive (PP-MS) and progressive relapsing (PR-MS)) compared with the non-MS 

cohort. Then the MS courses were compared with each other. In total 5,955 PwMS had 

a registered course defined as RR-MS, SP-MS, PP-MS or PR-MS. Due to small 

numbers of observations for PR-MS, only overall risk of CVD was estimated. The 

analyses were also stratified by sex, age at study entry, age at exit and by duration from 

study entry.  

 

To estimate the potential influence of surveillance bias, sub-analysis excluded events 

during the first year of follow-up. To further minimise potential surveillance bias, we 

also performed analyses in which the outcome was CVD and recorded as the primary 

diagnosis at hospital discharge.  

Where specific CVD diagnoses generated fewer than 50 events, the results for such rare 

outcomes were not presented. The diagnoses were: rheumatic heart disease, post- 

thrombotic syndrome, sexual organ varicose veins, oesophageal varicose veins, 

varicose veins of lower extremities, portal vein thrombosis, truncal vein thrombosis and 

some other less common diagnoses. 

 

 

10.3.2 Study IV  

Poisson regression was used to estimate relative risks (RR) and 95% confidence 

intervals (CI) for mortality after diagnosis of cancer. The RRs were reported as either 

unadjusted or adjusted. The adjustment was for follow-up duration, year at entry, sex, 

regional cancer centre (six cancer centres) and socioeconomic index. The logarithm of 

accumulated person-years served as the offset variable. Attained age was the 

underlying time scale.  

Follow-up time for subjects with a diagnosis of cancer was split as they were moved to 

the cohort with cancer risk from the date of their first cancer diagnosis and followed 

until the date of second cancer, emigration, death or 31 December 2005, whichever 

occurred first. The association of cancer with all-cause mortality was first assessed in 

the multiple sclerosis and general population cohorts separately. Then the cohorts were 

combined for multiplicative interaction testing. The interaction of multiple sclerosis 

with cancer was adjusted for main effects (multiple sclerosis and cancer) as well as the 

other measures.   

The analyses were for all cancer types combined and also separately for more specific 

diagnoses (index 2). Brain tumour diagnoses were only included in overall risk 

estimation, as a recent study using the same material to examine mortality risk for brain 

tumour was published in 2013 (185). 

 

 

Sensitivity analysis 

To examine whether the results may be influenced by changes in treatment, including 

immunomodulatory therapy (IT), the follow-up period was truncated to before 1996 
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and from this time onwards, as the first of the more recent therapies, interferon-beta, 

was introduced in Sweden in 1996 (178).  

An analysis was performed, limiting subjects with multiple sclerosis to those included 

in the SMSreg, to ensure the high diagnostic accuracy for multiple sclerosis (15).  

______________________________________________________________________  
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11 RESULTS 
 

11.1 Study I 

 

Some characteristics of cases and controls in Study I are described in Table 1. 

There was no overall statistically significant association for appendicectomy (in any 

 

Table (1): Characteristics of the cases and controls: 

 

 Individuals with MS Individuals without MS 

Total number (224,699) 20,542 204,157 

          Female (%) 13,400 (65.3%) 132,780 (65.1%) 

          Male (%) 7,142 (34.7%) 71,377 (34.9%) 

Mean age (SD) 46.3 (15.5) 46.3 (15.5) 

 

category) with MS. Although not statistically significant, there was some evidence of 

variation in association by diagnosis underlying appendicectomy and MS risk. The 

odds ratios with MS for perforated appendix (most likely to be due to acute 

 

 

 Figure (5): Associations between underlying diagnosis of appendicectomy and MS.  

 

 
 

OR (95%CI), odds ratio (95% confidence interval). 

 

appendicitis) are (OR:0.86; 95%CI: 0.70-1.04); with (OR:1.04 ; 95%CI: 0.94-1.16) for 

non-perforated appendicitis; and (OR:1.14; 95%CI: 0.98-1.33) for all other 

appendectomies (least likely to be due to acute appendicitis). Adjustment for 

socioeconomic index did not change the interpretation of the results (Fig. 5). 

Assessment of associations with appendicectomy prior to age 20 years was limited by 

the small numbers. 
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The analysis was stratified by sex and subjects born prior to 1964 were excluded. No 

significant temporal variations in the associations were detected for the entire study 

period, 1964-2005. The associations were also largely unchanged when the analysis 

was restricted to cases identified through the MS register (data not shown).  

 

 

11.2 Study II  

 

a. Risk of immune-mediated disease among fathers and mothers of patients with 

MS 

Overall, there was no statistically significant association with immune-mediated 

diseases among parents of patients with MS, compared with parents of index subjects 

without MS, with an exception for T1D (hazard ratio 1.08, 95% confidence interval 

1.01–1.16) among fathers.  

 

 

b. Risk of immune-mediated diseases among patients with MS 

Statistically significant unadjusted and adjusted increased risks in the index cohort with 

MS were identified for UC, CD, T1D, psoriasis, PN and pemphigoid. The magnitude of 

these associations became greater when limited to diagnoses following the MS 

diagnosis (Table 2). 

 

Table 2: Hazard Ratio (HR) 95% CI of tested IMD among the index cohorts, with and without MS. 

 MS patient 

Immune-Mediated 

Diseases 

Overall Unadjusted Overall Adjusted for 

SEI 

After diagnosis of MS, 

adjusted 

 HR (95% CI) HR (95% CI) HR (95% CI) 

Ulcerative Colitis 1.49 (1.22-1.82) 1.43 (1.11-1.83) 1.81 (1.38-2.39) 

Crohn’s disease 1.45 (1.17-1.81) 1.45 (1.16-1.80) 1.70 (1.23-2.34) 

Type 1 Diabetes 1.40 (1.31-1.50) 1.30 (1.22-1.40) 2 1.45 (1.34-1.57) 

Psoriasis 1.73 (1.42-2.10) 1.57 (1.29-1.91) 2.27 (1.81-2.84) 

Temporal arteritis & 

polymyalgia rheumatica 

1.22 (0.97-1.54) 1.21 (0.96-1.53) 1.11 (0.85-1.44) 

Eczema 0.97 (0.63-1.49) 0.99 (0.65-1.53) 1.25 (0.49-3.21) 

Polyarteritis nodosa 4.13 (2.09-8.18) 3.86 (1.92-7.78) 6.18 (2.89-13.23) 

Addison's disease 1.30 (0.72-2.33) 1.32 (0.73-2.39) 1.57 (0.81-3.06) 

Pemphigoid 10.19 (6.38-6.28) 9.42 (5.84-15.20) 13.5 (7.92-23.16) 

Rheumatoid Arthritis 0.85 (0.72-1.00) 0.77 (0.65-0.91) 0.89 (0.73-1.09) 

The model was adjusted for age, sex, region of residence, and socioeconomic index. CI: confidence interval; HR=hazard ratio. 
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There was no notable temporal variation of the estimates before 1981 or subsequently. 

The analysis restricted to SMSreg did not change the estimations materially. 

There was no conspicuous variation in estimated risk for any of the diseases in parents 

or MS patients when the analysis was stratified by follow-up duration. Adjusting the 

models for age and SEI did not materially change the estimates.  

 

 

11.3 Study III 

 

The descriptive data about cohort with MS and cohort without MS is outlined in Table 

(3). Average follow-up time from the date of entry, for MS patients was approximately 

8.3 years and for non-MS subjects 8.8 years. 

 

 

Table (2): Some major characteristics of subjects used in analysis in Study III: 

  Without MS With MS 

Subjects 76,045  7,667  

       Female 53,592 (71%) 5,434 (71%) 

       Male 22,453 (29%) 2,233 (29%) 

Mean age at entry 40,2 40,2 

Mean age at CVD (SD) 54 (13.1) 57 (12.0) 

 

The proportions with each MS course were RR-MS (42%), SP 26%, and PP 8%. A 

further 24% had no specified clinical course. MS patients without a known MS course 

were included in the overall risk estimations. 

 

 

All cardiovascular diseases (I00-I99) regardless of MS course 

A statistically significant increased risk for CVD-associated hospital admission was 

observed for MS compared with the non-MS cohort and the highest risk was for those 

aged 35 years or younger (RR=3.99, 95%CI 2.99-5.31). RR-MS, SP-MS and PP-MS 

were associated with raised CVD risks compared with those without MS (Fig. 6). The 

risk of CVD in RR-MS and SP-MS was statistically significant but for PP-MS, it was 

not statistically significant. After excluding the first year of follow-up, the association 

for RR-MS was no longer statistically significant, while SP-MS remained statistically 

significant with a lower magnitude estimate, with no notable change for PP-MS and 

PR-MS.  

 

When MS courses were compared with each other (RR-MS as reference), the adjusted 

relative risks for overall cardiovascular disease (CVD) were (RR=1.40, 95%CI 0.97-

2.05) and (RR=1.51, 95%CI 0.98-2.35) for SP-MS and PP-MS respectively.  
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Figure (6):  

The figure depicts the risk of CVD by MS course, compared with the general population cohort. 

 
RR (95% CI), relative risk (95% confidence interval). The model was adjusted for age, sex, region of residence, and 

socioeconomic index. 

 

 

Hypertensive diseases (HT): 

Hypertensive diseases, including essential hypertension, were not associated with any 

MS course.  

 

 

Ischaemic heart disease (IHD): 

There was an overall non-statistically significant inverse association with IHD 

(RR=0.88, 95%CI 0.75-1.03). However for some sub-analyses, differences reached 

significance as MS was associated with a decreased risk for angina pectoris (RR=0.72, 

95%CI 0.58-0.88), most strikingly in SP-MS patients (RR=0.63, 95%CI 0.46-0.87), 

and an overall decreased risk of chronic ischemic heart disease (CIHD) (RR=0.73 , 

95%CI 0.59-0.91) was observed among males.  

 

 

Diseases of pulmonary circulation:  

MS was associated with significantly raised risks for pulmonary heart disease and 

diseases of pulmonary circulation and among MS courses significantly increased 

among patients with SP-MS. This observation was mainly explained by an increased 

risk of pulmonary embolism (RR=1.79, 95%CI 1.36-2.34), most prominent in SP-MS 

(RR=2.25, 95%CI 1.56-3.22) which also differed significantly from RR-MS (RR=1.39, 

95%CI 0.71-2.71). 
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Other heart diseases:  

This group of diagnoses includes atrial fibrillation, other dysrhythmia, diseases of the 

pericardium, endocardium cardiomyopathies and heart failure and has a significant 

inverse association with MS, most notably in SP-MS.  

The risk estimation for specific CVD revealed: lowered risk of atrial fibrillation 

(RR=0.57, 95%CI 0.43-0.74), raised risks of acute infective endocarditis (RR=1.19, 

95%CI 1.03-1.36) and lowered risk of heart failure (RR=0.82, 95%CI 0.50-1.41). The 

risks for atrial fibrillation were (RR=0.69, 95%CI 0.37-1.33) in RR-MS, (RR=0.46, 

95%CI 0.30-0.69) in SP-MS and (RR=0.46, 95%CI 0.21-0.98) in PP-MS.  

A significantly raised risk of infectious pericarditis was shown in RR-MS (RR=1.57, 

95%CI 1.12-2.20) and SP-MS (RR=1.19, 95%CI 0.99-1.43). The risk of infective 

endocarditis in RR-MS was (RR=1.50, 95%CI 1.06-2.12) and in SP-MS it was 

(RR=1.18, 95%CI 0.98-1.43). Stratified analysis by sex showed that the risk was 

significant only in females with RR-MS.  

The risks of heart failure in MS were insignificantly different from that among controls.  

 

 

Cerebrovascular diseases:  

MS was associated with statistically significant raised risks for cerebrovascular disease: 

(RR=1.32, 95%CI 1.14-1.55), most notably for RR-MS. In particular, there was an 

increased risk of cerebral infarction in MS compared with the general population and 

more pronounced in patients with RR-MS (RR=2.57, 95%CI 1.60-4.12) than those with 

SP-MS (RR=1.40, 95%CI 1.01-1.93).  

However, when the first year of follow-up was excluded, the overall risk of 

cerebrovascular diseases (I60-69) and the increased risk of cerebral infarction (I63) in 

RR-MS and SP-MS were no longer statistically significant.  

 

 

Vascular disease: 

Diseases of arteries, arterioles and capillaries were not associated with any MS course, 

whereas diseases of veins, lymphatic vessels and lymph nodes showed a significantly 

increased overall risk in RR-MS, SP-MS and PP-MS.  

There were overall raised risks of deep vein thrombosis (DVT) in extremities (I80), 

(RR=3.09, 95%CI 2.30-4.16) and haemorrhoids (RR=2.39, 95%CI 1.76-3.24). This 

increased risk of DVT was seen in RR-MS (RR=2.16, 95%CI 1.21-3.87), SP-MS 

(RR=3.41, 95%CI 2.45-4.75) and (RR=3.57, 95%CI 1.95-6.56). When MS patients 

were compared with each other, the risk of DVT in the extremities, revealed 

statistically significant raised risk in SP-MS and PP-MS, compared with RR-MS. 

 

 

Other comparisons: 

Where not mentioned above, stratification by sex or comparison between courses 

among MS patients did not reveal notable differences. Where not described above, all 

other CVD risks were largely unaltered when the first year of follow-up was excluded.  
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Using only the primary cause for hospital admission: 

The analysis for risks of CVD as the primary cause for hospital admission produced a 

pattern of findings that was similar to the main analyses, in which both the primary and 

secondary causes for hospital admission were used, but the point estimates for overall 

(RR=1.24, 95%CI 1.04-1) and groups of CVD were of a somewhat lower magnitude 

(data not shown). 

 

 

11.4 Study IV  

  

All-cause mortality after a primary cancer diagnosis in individuals with and 

without multiple sclerosis 

 

We estimated mortality among those with MS with and without cancer and similarly 

among those with and without cancer in the general population cohort.  

A statistically significant raised mortality risk for cancer was observed in the MS cohort 

(RR=3.35, 95%CI 3.12-3.59), with a higher magnitude risk in general population 

cohort (RR=6.42, 95%CI 6.30-6.55). Interaction testing indicated significant effect 

modification for the association of cancer with all-cause mortality by presence of MS 

(P-value for interaction <0.001). The risk estimation for each organ or site of cancer 

indicated consistent associations. 

 

Sensitivity analysis included division of the follow-up period by calendar year up to 

1996 and from 1996, when immunomodulation therapies was recommended for IMT 

for MS in Sweden. The risk estimation for the periods before 1996 (number of events 

in subjects with multiple sclerosis 1,542) and from this time (number of events in 

subjects with multiple sclerosis 226) were broadly similar and statistically significant. 

The corresponding interaction terms were 0.50 (0.46-0.54), P <0.001) and (0.49 (0.46-

0.53), P <0.001), respectively. 

______________________________________________________________________ 
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12 DISCUSSION 
 

 

12.1 Study I 

 

Overall, no association between acute appendicectomy and MS was determined. The 

results were equivocal due to a lack of statistical significance. There was a lower risk of 

MS associated with appendicectomy with a perforated appendix (the most reliable 

category to indicate acute appendicitis), raised risks for appendicitis with a non-

perforated appendix and with a non-specific cause (least likely to be associated with 

acute appendicitis). This variation in association by underlying diagnosis may thus help 

to explain the contradictory findings reported by previous studies (148, 149). 

 

An inverse association of MS with acute (perforated) appendicitis and the positive 

association with appendicectomy without appendicitis suggest that appendicitis could 

be a marker of immunological characteristics or exposures relevant to MS risk. The site 

of activation of peripheral blood mononuclear cells (PBMC) (186), including those 

causing inflammatory destruction of myelin, has been associated with different risk 

factors (187) and the appendix is one of the possible sites where PBMC may interact 

with antigen-presenting cells (188, 189). Acute appendicitis may potentially signal 

immunological characteristics relevant to MS risk, including those causing 

inflammatory destruction of myelin in the CNS (190, 191). It is of note that 

appendicectomy less likely to be due to acute appendicitis is associated with a raised 

MS risk, signalling other exposures or characteristics. However, the lack of statistical 

significance could also indicate that these are chance findings. These differences by 

appendicectomy category may indicate innate characteristics or exposures in earlier life 

relevant to MS risk.  

  

 

12.2 Study II 

 

Parents of PwMS did not show consistent evidence of an elevated risk for IMD, apart 

from MS. Despite sufficient statistical power, this study could not confirm the results of 

an earlier study that reported an increased risk of Crohn’s disease (CD) and Addison's 

disease (AD) among parents of individuals with MS (151). The associations in the 

previous study were based on relatively few events, so they may have been the result of 

chance findings among multiple tests. 

 

Among the cohort of PwMS, there was a significantly raised risk for a number of other 

immune-mediated diseases. In contrast with their parents, MS patients themselves were 

found to have a significantly increased risk for several IMD, consistent with earlier 

studies (14, 151). The magnitude of associations between MS and other IMD, 

compared with before diagnosis of MS, was higher for those diagnosed after the MS 

diagnosis. In addition, an association between MS and PN was detected. As found by 



 

40 

an earlier study, an inverse association between MS and RA was observed (151). 

Higher magnitude risks were for ulcerative colitis, Crohn’s disease, psoriasis, 

polyarteritis nodosa and pemphigoid. 

 

A relatively large number of genes, including many non-HLA genes, combine to 

increase MS risk, although individually most of these genes only increase the risk of 

MS modestly (75). The majority of these non-HLA genes involved in MS aetiology do 

not appear to be notably associated with other IMD and are unlikely to increase the risk 

of non-MS inflammatory diseases among parents. Alternatively, environmental 

exposures relevant to MS risk might also influence the risk of comorbidity. Another 

possibility is that symptomatic onset of the other diseases follows MS onset due to 

influences of MS disease activity. The significance of surveillance bias cannot be 

excluded, as those with a chronic disease like MS have more frequent contact with 

health services and are therefore likely to receive further diagnoses.  

Hemminki and colleagues examined MS risk among members of an index cohort and 

their first-degree relatives (14), where inclusion in the index cohort was defined by 

diagnosis of an immune-mediated disease other than MS. In contrast, we created an 

index cohort of patients with MS and examined the risk of other diseases. A study from 

Denmark found results similar to current findings among first-degree relatives (151). 

However, unlike this study, disease among relatives was ascertained by questioning the 

MS patients, which is a potential source of recall or reporting bias. 

 

  

12.3 Study III 

 

This study found an overall statistically significant increased risk for CVD diagnoses 

following an MS diagnosis. RR-MS was associated with higher magnitude risks, but 

the differences between courses were not statistically significant.  

 

The risk of venous circulatory diseases in MS patients tended to be of the highest 

magnitude and the pattern of association by course was not identical to that for all 

CVD. The highest risks for CVD among MS patients were deep venous thrombosis 

(DVT), conditions highly associated with immobility and pulmonary embolisms (PE), a 

condition which often occurs as a consequence of DVT, when clots break off from the 

vein walls and travel through the heart to the pulmonary arteries (192). In this study, we 

could not assess possible associations with motor disability, although its influence on 

mobility might be less in RR-MS than other MS courses  (37). An increased risk was 

also determined for haemorrhoids. This has also been associated with immobility, 

accompanied by constipation, which was reported earlier for the general population 

(193).  

 

The risk of ischaemic stroke was significantly increased in MS and especially among 

patients with RR-MS, and in particular during the first year of follow-up. This is likely 

to be due, at least in part, to the identification of asymptomatic lesions during 

neuroimaging associated with MS diagnosis and management. 
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MS was associated with a decreased risk of angina pectoris, chronic ischaemic heart 

disease and atrial fibrillation, and some of these findings are consistent with previous 

reports (16, 194, 195). One speculative possibility is that immobility among MS 

patients renders them less prone to the physical strains required to precipitate angina 

pectoris. However, it is conceivable that neurological factors, such as dysregulation of 

the autonomic nervous system or even sensory disturbances could play a role (166), 

comparable to what has been reported for traumatic transection at the level of the 

cervicothoracic spinal cord (196). An alternative speculative explanation for the inverse 

association with AF is that decreased aerobic capacity due to immobility may be the 

opposite of the increased risk of atrial fibrillation evident in athletes (197).  

 

 

12.4 Study IV 

 

The overall result revealed a significantly lower magnitude raised risk of all-cause 

mortality in MS patients after diagnosis of cancer compared with people without MS. 

The results were consistent for cancer of the digestive organs, respiratory organs, 

breasts, female genitalia, male genitalia, blood and skin. This suggests that diagnostic 

neglect in MS patients does not account for the lower cancer incidence reported in MS.

   

 

Generally, the lifespan of patients with MS is shorter than that of the general population 

(173, 198). Patients with MS die of many causes, ranked as follows: multiple sclerosis, 

cardiovascular disease, infection, cancer, accidents and a 7.5 times higher risk of 

suicide (198-200). This finding in our study shows that average longevity in the 

population of patients with MS exposed to cancer is no worse than among the general 

population.  

Interaction testing took into account the average mortality risk in those with and 

without MS and then any additional increase or decrease in mortality risk among those 

with cancer. This finding may be less biased than that reported by previous studies 

(201) since the relative all-cause mortality risk has some advantages over cause-

specific mortality. All-cause mortality risk does not rely on the accuracy of the 

underlying causes of death assigned to the cancer patients (202).  

 

There are several possible mechanisms to account for lower magnitude relative 

mortality risk following cancer diagnosis in MS and the previously reported reduced 

risk of cancer in MS is probably genuine (15). If immune cells such as monocytes react 

specifically against a malignant tumour, then this could represent an anti-cancer 

mechanism that operates more notably in MS (15). 

Previous findings have shown an inverse association between cancer risk and MS (15, 

176, 203, 204). It has been suggested that exposure to sun may account for reduced 

mortality after cancer diagnosis in MS (205), although this is not consistently reported  

(206). A lowered level of vitamin D has some commonality for both MS and cancer 

risk (207,, 208). As MS is associated with low levels of vitamin D (209), and low levels 
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of this vitamin happen to correlate with higher cancer mortality rates (although only 

after cancer diagnosis) (210, 211), one would expect MS to be associated with a higher 

cancer mortality rate. However, this was not confirmed in this study. 

Some reports implicate tobacco as a very well-known carcinogen factor associated with 

higher all-cause mortality risk in MS (212), but we observed a lower mortality after 

lung cancer diagnosis. This could again point to some specific immunological 

characteristic in MS, with an anti-malignant function (213, 214). 

We speculate that the association with lower all-cause mortality risk in MS after cancer 

is consistent with earlier findings as MS patients on average have a lower body mass 

index (BMI) than the general population (215), and increased body mass index is a risk 

factor for some cancer types (216) with associated higher mortality (217). It could be 

suggested that lower body weight in MS may explain this risk reduction for all-cause 

mortality.  

Previous investigations have reported a lower cancer risk for the alimentary tract in MS 

patients (218), and this risk is lowest in MS compared with other immune-mediated 

diseases (218). Consistent with this report, we demonstrated lower mortality risk for all 

types of digestive cancer. These two complementary findings could probably point to 

healthier dietary routines and less exposure to carcinogens in MS patients (219).  

Another possibility is that, in contrast with diagnostic neglect, MS patients have more 

contact with health services and, on average, cancer is diagnosed at an earlier time, with 

benefits for prognosis. However, another report revealed larger tumour size in MS 

patients compared with the general population, thus contradicting the suggestion of 

earlier diagnosed tumours (176). 

 

 

12.5 Strengths  

The studies included in this thesis have a general population-based setting and include a 

large sample size of patients to improve precision of the estimates. The measures were 

recorded prospectively, reducing the influence of reporting bias and reverse causation.  

The data includes people with MS of all ages over an extended period of time. The data 

in the PR are estimated to include more than 99% of all discharge diagnoses since 1987 

(15, 180). The PR is well established, with high data quality, and the diagnoses listed in 

the PR are reliable as the Swedish concept of MS is narrow and reflects diagnostic 

caution rather than over-inclusiveness (220). The overall quality for data from PR is 

that it is unselected. Another strength is access to detailed data on MS from the 

SMSreg, which has high validity and reasonable representativeness. There is high 

diagnostic accuracy for MS among patients included in the SMSreg, with confirmation 

through test results for CSF, OCB, as well as CNS-MRI findings. High diagnostic 

accuracy (over 90%) for MS among patients included in the SMSreg has been 

demonstrated in earlier reports (15, 221). To ensure that lower diagnostic accuracy did 

not influence the results in Studies I, II and IV, a sub-analysis used only diagnoses of 

MS identified through the MS Register. Another benefit of using the SMSreg to 

identify patients with MS is that those identified through the Patient Register may tend 

to have a greater disease burden (hospital admission for another disease may lead to the 

recording of MS in the register). 
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One of the strengths of Study IV is  the use of the Cancer Registers, which provides 

national data that are considered to be of high quality, with the majority of diagnoses 

being histologically confirmed (183). The overall completeness of the cancer register in 

Sweden is high (182). Our study covered almost all cases of MS and cancer in Sweden 

(15).  

 

 

Potential limitations 

As is the nature of epidemiological observational studies, alternative explanations for 

the findings are always possible.  

 

 

a. Selection Bias   

Selection bias occurs primarily in the design stage since this type of bias arises from the 

procedures by which the study subjects are selected from the source population, or 

select themselves as being eligible for the study (222), potentially causing spurious 

associations. We controlled for this type of bias through the complete selection of 

patients with MS and a matched design to identify the general population cohort.  

 

 

b. Information Bias  

Information bias is the result of misclassification of study subjects, MS and non-MS, 

with respect to disease or exposure status. Thus the concept of information bias refers 

to those subjects actually included in the study, whereas selection bias refers to the 

selection of the study participants from the source cohort (223).  

The diagnosis underlying appendicectomy in Study I was rather poorly characterised. 

However, there is nothing to suggest that this resulted in differential bias. 

 

In Studies I, II and IV, because we were unable to divide MS into separate and 

meaningful distinct clinical subsets of MS (224), we may have missed an association 

with a subgroup.  

As subjects with  and without MS were at equal risk of exclusion because of the period 

of entry, and since all our analyses were internally stratified by risk-set through 

conditional modelling, the studies are unlikely to suffer from potential bias resulting 

from temporal or spatial differences in MS. The completeness of coverage for 

diagnoses in the PR varied over time, possibly influencing some associations, which is 

why stratification by period was performed. 

   

In the current studies, it was not possible to examine the possible influence of immuno-

modulating treatments, such as interferon beta-1. The stratification by calendar year 

was used to control for this potential bias and the estimations remained in the same 

range. Other MS drugs such as Fingolimod have also been associated with CVD (225). 

However, the study period pre-dates the time of its introduction in Sweden.  
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It was not possible to examine influences of more recently introduced drug modifying 

therapy (DMT), as these data were not available from the registers for this study period. 

However, the risk estimation stratified when DMT was introduced in Sweden did not 

show any evidence of a major influence.  

 

Despite our adjustment for potential confounding factors, other unmeasured 

characteristics, residual confounders, could still account for some of the results. Such 

confounding has been demonstrated for the association of multiple sclerosis risk (226) 

and decreasing BMI with all-cause mortality (217).  

 

 

b.1 Surveillance Bias 

MS is a chronic disease, usually resulting in more frequent contact with health services, 

and incidental diagnoses are more often recorded than among the general population, 

which can result in surveillance bias. This is a type of non-random misclassification 

bias, and might have occurred in Studies II-IV. As the majority of diagnoses for the 

outcome diseases were identified among hospital patients, any diagnoses made in 

primary care would not be included, thus reducing sensitivity. However, this was equal 

for both cohorts, possibly avoiding differential bias. Nevertheless, surveillance bias is a 

risk, where those with a chronic disease (MS) have more frequent contact with health 

services, with more opportunity for other diagnoses to be recorded.  

In Studies II and IV, in order to reduce potential surveillance bias, an outcome was only 

included if it was recorded as the primary diagnosis, and thus likely to be the main 

reason for hospital admission. In Study III, where we included both primary and 

secondary diagnosis of CVD, a separate analysis was also performed with primary 

diagnosis of CVD alone. The estimation was comparable. 

In Studies II-IV, this bias was also tackled by excluding events and follow-up (when 

diagnostic work-up for MS may result in other diagnoses being recorded) during the 

first year after MS diagnosis in the analysis.  

In Study II, while not a concern among parents, surveillance bias is a concern among 

patients with MS. Not all parents could be identified, but as the exclusion criteria were 

identical for parents of those with and without MS, differential bias is unlikely.  

Patients with MS were more likely to be diagnosed, correctly or incorrectly, with 

cerebral infarctions due to the investigations and brain imaging undertaken in a patient 

with recently diagnosed MS (227). This provides evidence of surveillance bias. This 

bias was tackled, as events in the first year after MS diagnosis were excluded and the 

excess risk was largely eliminated. An analysis of CVD outcomes was limited to the 

main discharge diagnosis, further reducing the risk of results entirely driven by 

surveillance bias.  

 

 

12.5.1 Confounding 

 

In general, confounding is when a confounding factor is associated with both the risk factor 

of interest and the outcome. This factor must be distributed unequally among the exposed and 

unexposed cohort (228).We dealt with the issue of confounding at the study design level 
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and in the analysis phase. Several approaches have been used to control for 

confounding: 

  

Matching— The subjects in all studies in this thesis were individually matched for 

equivalence. The matching criteria were based on characteristics at the time of the MS 

diagnosis. For each person with MS, individuals without MS who had the appropriate 

characteristics for matching were identified, and from them up to 12 subjects were 

selected at random.  

 

Stratification—In Studies I-IV, the associations were measured within each well-

defined and similar category (stratum), which was likely to be a potential confounding 

factor. For instance, if age was a confounder, the association was estimated separately. 

 

Statistical modelling—statistical methods, such as regression (conditional logistic 

regression, Cox Hazard regression and Poisson regression) modelling, were used to 

control for confounding. These models were particularly useful when it was necessary 

to adjust simultaneously for several potential confounders in the model (229). 

 

Choice of time-axis- The choice of model form should ideally be dictated by subject 

matter knowledge, biological plausibility, and the data (230). In Studies III-IV, the 

interest is in describing the increasing risk of outcomes with age in PwMS and that data 

on both variables have been gathered from a population-based cohort. Assumption of a 

linear relationship is proposed.  

 

Adjustment: In Studies I-IV, there was no information on lifestyle and behaviour, such 

as smoking, which could have influenced the results. Smoking is positively associated 

both with acute appendicitis and with MS risk, as well as more rapid MS disease 

progression (231-235), CVD and all-cause mortality risk in MS (212). To tackle this 

issue, we adjusted for a measure of socioeconomic circumstances (associated with 

some behaviours). The limited influence of adjustment for socioeconomic index 

suggests behaviour with a socioeconomic gradient not due to MS is an unlikely 

confounding factor.  

 

MS is heterogeneous in some disease characteristics, suggesting the possibility of 

heterogeneity in aetiology (236). As we were unable to divide MS into separate and 

meaningful distinct clinical subsets of MS (224), other than disease course, we may 

have missed an association with a specific subgroup in Studies I, II, and IV. 

______________________________________________________________________  
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13 Conclusions 

 

Study I 

A non-statistically significant and therefore equivocal reduced risk of developing MS 

was observed in individuals who had prior appendicectomy due to perforated 

appendicitis, but not for those with other diagnoses underlying appendicectomy. These 

results may help to explain why earlier studies of appendicitis and MS risk have been 

inconsistent, as they did not examine the diagnosis underlying appendicectomy. The 

three underlying diagnoses showed different directions of risk associations, possibly 

signalling characteristics or exposures relevant to MS risk.  

 

 

Study II 

There may be an increased risk of a number of other immune-mediated diseases in 

patients with MS, but not in their parents. This suggests that the increased risk in those 

with MS is not due to conventional genetically inherited risk.  

 

 

Study III 

There appears to be a significantly increased risk of CVD in MS and the increased risk 

of venous thromboembolic disorders in progressive MS is of notably high magnitude. 

Immobility might be one of the characteristics that help to explain the findings for 

arterial and venous diseases. An increased frequency of ischaemic stroke in MS is most 

likely due to surveillance bias resulting from more frequent neuroimaging during the 

period when an MS diagnosis is first made. There is no increased risk for ischaemic 

heart disease in MS and atrial fibrillation is less common than among the general 

population.  

 

 

Study IV 

Lower all-cause mortality risk after cancer is confirmed for MS patients. The lower 

incidence of cancer diagnoses in MS is unlikely to be due to diagnostic neglect. 

Possible contributing factors worthy of further study are that MS patients have a hyper-

vigilant immune system that renders them less vulnerable to cancer. However, other 

aspects of the disease, management or behaviour may explain the findings. 

______________________________________________________________________  
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14 Future research 

 

 

While the findings on appendicectomy are consistent with the assertions that early 

immune characteristics are important for determining MS risk, it seems unlikely that 

appendicitis will be a useful measure and other markers of risk are required. Non-

Mendelian genetic and environmental risks for the range of other immunological 

abnormalities in MS deserve further investigation. The increased risk of CVD in MS is 

important and an understanding of the underlying mechanisms must be clarified. This 

may be in terms of specific MS characteristics, behaviour or treatment. This will be 

used to minimise the risk of CVD and possibly have an influence on treatment choices 

that may further influence CVD risk. The lower incidence of cancer and no increased 

risk of excess mortality following a cancer diagnosis is welcome news to the MS 

community. It may be that characterising immunological characteristics in MS may 

lead to improved cancer prevention therapies in the general population. 

______________________________________________________________________  
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15 POPULÄRVETENSKAPLIG SAMMANFATTNING 

(SUMMARY IN SWEDISH)  
 

 

Syfte: Denna populationsbaserade avhandling beskriver några samexisterande 

sjukdomar hos patienter med multipel skleros (MS). 

 

 

Metod: Uppsatsen använder register i Sverige för att undersöka samsjuklighet av MS, 

inklusive blindtarmsoperation, gemensamma genetiska faktorer, hjärt-kärl sjukdomar 

och dödlighet efter cancerdiagnosen hos MS-patienter. Unika svenska personnummer 

var tvärkopplade via olika register för att bygga upp datasets för olika 

sjukdomsuppgifter. De studieteknikerna som ingår i denna avhandling var, en nested 

fallkontroll studie och tre kohortstudier. I de två första arbeten undersökte vi hur 

samsjuklighet skulle kunna informera oss om etiologin av MS, medan vi i de 

återstående två arbeten undersökte samsjuklighet i förhållande till prognosen för 

patienter med MS. 

 

Den första studien undersöker om patienter som haft akut blindtarmsinflammation har 

en sänkt risk att få MS. Den andra studien undersöker sambandet mellan MS och andra 

immunmedierade sjukdomar för att titta på eventuella genetiska riskfaktorer som kan 

vara förknippade med MS. I den tredje studien undersöker vi varför patienter med olika 

MS förlopp har en högre risk för hjärt-kärlsjukdom, medan vi i den sista studien 

undersöker om de har en lägre risk för dödlighet efter cancer. 

 

Resultat: 

Den första artikeln visade en lägre risk för MS- risken i gruppen med perforerad 

blindtarmsinflammation, men den var inte statistiskt signifikant. Studie två visade att 

patienter med MS bär egen högre risk för andra immunmedieradesjukdomar men deras 

föräldrar inte har någon ökad risk. Tredje studien visade att MS-patienter, oberoende av 

deras MS-förlopp, är mer benägna att drabbas av djup ventrombos än personer utan 

MS. I den sista studien, fann vi inte någon generell ökad risk för dödlighet för MS- 

patienter med cancer jämfört med den allmänna befolkningen med cancer, därav inga 

säkra tecken på negligerade cancer diagnoser hos MS patienter. 

 

Slutsats: Sammantaget visar resultaten av denna avhandling att andra sjukdomstillstånd 

med eller efter MS genom miljö samt genetiska riskfaktorer har betydelse för MS-

etiologi, men också bekräftar att MS i sig har konsekvenser för kardiovaskulära 

sjukdomar samt dödligheten hos patienter med diagnosen MS. Denna forskning visar 

att nya vägar behovs för att öka vår förståelse av MS.  

______________________________________________________________________  

 



 

  49 

16 ACKNOWLEDGEMENTS 
 

This thesis is based on work carried out during the years 2007-2014 as a PhD project at 

the Department of Neurology, Karolinska University Hospital and at the Institute of 

Clinical Neuroscience, Section for Neurology, University of Karolinska (Karolinska 

Institutet) and the Clinical Epidemiology Unit in the Department of Medicine at 

Karolinska Institutet. I did some posters before I started research school proper at KI. 

Right from the start, I knew it would not be easy task to do research and work at the 

clinic at the same time and I could not have come this far without the support of help of 

other people. 

 

I am deeply appreciative to my main supervisor, Professor Scott Montgomery, and my 

co-supervisors Docent Shahram Bahmanyar and Professor Jan Hillert and Professor 

Tomas Olsson. Professor Scott Montgomery has always entrusted me with a lot of 

autonomy and challenging research projects. His enthusiasm as regards my research 

and ability to form new ideas for MS research has been greatly stimulating. Associate 

Professor Shahram Bahmanyar has taught me a lot about working with biostatistics, 

basic epidemiology and working with registers in Sweden. Professor Jan Hillert and 

Professor Tomas Olsson have given me their ideas for new improvement of projects 

and it is amazing to see how they connected their molecular and genetic science to 

generate genuinely new knowledge in MS epidemiology, when they reviewed the 

manuscripts. Professor Jan Hillert has given me the chance to talk to him both as 

supervisor and as Prefect at the Institute of Clinical Neuroscience. I have learned 

neuroepidemiology, clinical science, neurobiology and neurogenetic and scientific 

writing skills from my supervisors. Docent Karin Ekström Smedby gave me her 

support during the time at the research school and never was bitter on me, I am grateful 

for her pedagogic skills. 

 

During my work with this thesis, I have also had the privilege of working with experts 

in different fields of scientific work. This work would not have been possible without 

their expertise and continued support. My mentor Dr. Rayomand Press introduced me 

to the existing field of neuroimmunology and its role in MS research and was involved 

in all aspects of the initial scientific planning and progress in my PhD programme. Dr. 

Press taught me how to interpret my initial findings. Professor Morten Andersen and 

Associated Professor Marjan Vaez introduced me to advanced STATA short-cuts for 

Study III and helped me to interpret the results in STATA. They also allowed me to use 

their research skills inclusive their own macros in STATA at Karolinska Institutet. 

Docent Magnus Andersson introduced me to the field of other co-morbidities of MS. 

Loretta Platts introduced me to better skills and techniques of writing and presentation 

for my half-time seminar. 

 

I would also like to express my special appreciation to the personnel at the Multiple 

Sclerosis Centre, my division director, clinical administrator and CNS rector, as well 



 

50 

KIs rector who have not been directly involved in my research but whose presence and 

support have meant a lot to me, physicians as well as nurses and other staff groups. 

I wish to thank everyone who has supported me and encouraged me during my work 

with this thesis. Without their valuable help and contributions, this study would never 

have been completed. 

I am also sincerely grateful to my other colleagues and scientific contacts who offered 

to read through my kappa, Professor Robert Harris, Professor Gunnar Steineck and 

Professor Karl Ekbom; people who through their friendship gave me feedback, Dr. 

Daniel Merrick and Ali Manouchehrinia; and those people who listened to me when I 

needed to talk about the challenges, Tove Bylund Grenklo, Tommy Nyberg, and 

Leszek Stawiarz. I should also remember give my appreciation to Susanne Malmberg 

who has used many of hours to organise my contact with other sources in KI. I also 

express my thanks to Janet French (English by French) for her help with revising the 

text from a linguistic perspective. 

 

The days I discussed my finding and questions were many, and Dr. Hajiebrahimi, Dr. 

Maghsoudlou, and Dr. Derogar at Z5, and colleagues at Department of Neurology 

never showed be hesitated to answer to my brainstorming, many thanks to them.  

 

 Also colleague who in my absent with good loyalty and sense of kindness took care of 

my patients. I do apology to all those of my patients who did probably suffered of not 

could meet me or talk to me when they needed me in the period when I was less 

available in my clinic. 

 

Finally I am grateful to my family: to my mother and father for her simple continuous 

support and care for us; to my brother Dilan and his family, and step-father and step-

mother Professors Herluf and Elisabeth Thieden for their care and support in my life; to 

my close family friends Inger Molich, Morgan Barbro Samuelsson, and Dr, Ege 

Schultz who never said no when we asked for their help; to Docent Mohsen Khademi 

who always gave a hand when I needed his support; to all people who had faith in me, 

believed in me and showed their friendship when I was having a very stressful time. 

Any person I do not mention here must rest assured that he/she is in my mind and I will 

return their kindness to thank them one day. 

 

My wife Mitra has been a great inspiration and has always shown a deep interest in my 

research. She has read through many drafts for this thesis and this work would not have 

been possible without her patience, support and unconditional love. Mitra and my 

daughter Didé continuously remind me of what really matters in my life:  patience and 

trust. 

______________________________________________________________________  

 



 

  51 

17 REFERENCES 
 

1   Pugliatti M, Harbo HF, Holmoy T, Kampman MT, Myhr KM, Riise T, et al. 

Environmental risk factors in multiple sclerosis. Acta neurologica Scandinavica 

Supplementum. 2008;188:34-40. PubMed PMID: 18439219. Epub 2008/06/18. eng. 

2   Viswanathan S, Rose N, Masita A, Dhaliwal JS, Puvanarajah SD, Rafia MH, et al. 

Multiple sclerosis in malaysia: demographics, clinical features, and neuroimaging 

characteristics. Multiple sclerosis international. 2013;2013:614716. PubMed PMID: 

24455266. Pubmed Central PMCID: 3888747. 

3   Jongen PJ, Ter Horst AT, Brands AM. Cognitive impairment in multiple sclerosis. 

Minerva medica. 2012 Apr;103(2):73-96. PubMed PMID: 22513513. Epub 

2012/04/20. eng. 

4   Boeschoten RE, Uitdehaag BM, van Oppen P, de Groot V, Collette EH, Bakker KA, 

et al. A computer-based screening method for distress in patients with multiple 

sclerosis: a feasibility study. JMIR research protocols. 2014;3(2):e29. PubMed PMID: 

24902042. Pubmed Central PMCID: Pmc4071273. Epub 2014/06/06. eng. 

5   Fragoso YD, Ferreira ML, Morales Nde M, Arruda WO, Brooks JB, Carneiro DS, et 

al. Multiple sclerosis starting before the age of 18 years: the Brazilian experience. 

Arquivos de neuro-psiquiatria. 2013 Oct;71(10):783-7. PubMed PMID: 24212515. 

6   Jacobsen C, Hagemeier J, Myhr K-M, Nyland H, Lode K, Bergsland N, et al. Brain 

atrophy and disability progression in multiple sclerosis patients: a 10-year follow-up 

study. Journal of Neurology, Neurosurgery & Psychiatry. 2014 October 1, 

2014;85(10):1109-15. 

7   Simpson RJ, McLean G, Guthrie B, Mair F, Mercer SW. Physical and mental health 

comorbidity is common in people with multiple sclerosis: nationally representative 

cross-sectional population database analysis. BMC neurology. 2014;14:128. PubMed 

PMID: 24925477. Pubmed Central PMCID: 4064287. 

8   Brown MG, Asbridge M, Hicks V, Kirby S, Murray TJ, Andreou P, et al. Estimating 

Typical Multiple Sclerosis Disability Progression Speed from Clinical Observations. 

PloS one. 2014;9(10):e105123. PubMed PMID: 25329469. Epub 2014/10/21. Eng. 

9   Marrie RA, Horwitz R, Cutter G, Tyry T, Campagnolo D, Vollmer T. Comorbidity 

delays diagnosis and increases disability at diagnosis in MS. Neurology. 2009 Jan 

13;72(2):117-24. PubMed PMID: 18971448. Pubmed Central PMCID: 2677495. 

10   Redelings MD, McCoy L, Sorvillo F. Multiple sclerosis mortality and patterns of 

comorbidity in the United States from 1990 to 2001. Neuroepidemiology. 

2006;26(2):102-7. PubMed PMID: 16374035. 



 

52 

11   Kjellman UW, Hallgren P, Bergh CH, Lycke J, Oldfors A, Wiklund L. Weaning 

from mechanical support in a patient with acute heart failure and multiple sclerosis. The 

Annals of thoracic surgery. 2000 Feb;69(2):628-30. PubMed PMID: 10735718. Epub 

2000/03/29. eng. 

12   Egesten A, Brandt L, Olsson T, Granath F, Inghammar M, Lofdahl CG, et al. 

Increased prevalence of multiple sclerosis among COPD patients and their first-degree 

relatives: a population-based study. Lung. 2008 May-Jun;186(3):173-8. PubMed 

PMID: 18351419. Epub 2008/03/21. eng. 

13   Zoller B, Li X, Sundquist J, Sundquist K. Risk of pulmonary embolism in patients 

with autoimmune disorders: a nationwide follow-up study from Sweden. Lancet. 2012 

Jan 21;379(9812):244-9. PubMed PMID: 22119579. 

14   Hemminki K, Li X, Sundquist J, Hillert J, Sundquist K. Risk for multiple sclerosis 

in relatives and spouses of patients diagnosed with autoimmune and related conditions. 

Neurogenetics. 2009 Feb;10(1):5-11. PubMed PMID: 18843511. 

15   Bahmanyar S, Montgomery SM, Hillert J, Ekbom A, Olsson T. Cancer risk among 

patients with multiple sclerosis and their parents. Neurology. 2009 Mar 

31;72(13):1170-7. PubMed PMID: 19332695. Epub 2009/04/01. eng. 

16   Jadidi E, Mohammadi M, Moradi T. High risk of cardiovascular diseases after 

diagnosis of multiple sclerosis. Multiple sclerosis. 2013 Sep;19(10):1336-40. PubMed 

PMID: 23364857. 

17   Goodin DS. The epidemiology of multiple sclerosis: insights to disease 

pathogenesis. Handbook of clinical neurology. 2014;122:231-66. PubMed PMID: 

24507521. 

18   Kingwell E, Marriott JJ, Jette N, Pringsheim T, Makhani N, Morrow SA, et al. 

Incidence and prevalence of multiple sclerosis in Europe: a systematic review. BMC 

neurology. 2013;13:128. PubMed PMID: 24070256. Pubmed Central PMCID: 

Pmc3856596. Epub 2013/09/28. eng. 

19   Pugliatti M, Rosati G, Carton H, Riise T, Drulovic J, Vecsei L, et al. The 

epidemiology of multiple sclerosis in Europe. European journal of neurology : the 

official journal of the European Federation of Neurological Societies. 2006 

Jul;13(7):700-22. PubMed PMID: 16834700. 

20   Krokki O, Bloigu R, Reunanen M, Remes AM. Increasing incidence of multiple 

sclerosis in women in Northern Finland. Multiple sclerosis. 2011 Feb;17(2):133-8. 

PubMed PMID: 20935028. Epub 2010/10/12. eng. 

21   Ahlgren C, Oden A, Lycke J. High nationwide prevalence of multiple sclerosis in 

Sweden. Multiple sclerosis. 2011 Aug;17(8):901-8. PubMed PMID: 21459810. 



 

  53 

22   Berg-Hansen P, Moen S, Harbo H, Celius E. High prevalence and no latitude 

gradient of multiple sclerosis in Norway. Multiple sclerosis. 2014 Mar 6. PubMed 

PMID: 24603884. Epub 2014/03/08. Eng. 

23   Wang Y, Marling SJ, McKnight SM, Danielson AL, Severson KS, Deluca HF. 

Suppression of experimental autoimmune encephalomyelitis by 300-315nm ultraviolet 

light. Archives of biochemistry and biophysics. 2013 Aug 1;536(1):81-6. PubMed 

PMID: 23747577. Epub 2013/06/12. eng. 

24   Simpson S, Blizzard L, Otahal P, Van der Mei I, Taylor B. Latitude is significantly 

associated with the prevalence of multiple sclerosis: a meta-analysis. Journal of 

Neurology, Neurosurgery & Psychiatry. 2011 October 1, 2011;82(10):1132-41. 

25   Kurtzke JF. Multiple sclerosis and infection from an epidemiologic aspect. 

Neurology. 1968 Jan;18(1 Pt 2):170-5. PubMed PMID: 5688843. Epub 1968/01/01. 

eng. 

26   Andersen AH, Vinther A, Poulsen LL, Mellemgaard A. Do patients with lung 

cancer benefit from physical exercise? Acta oncologica. 2011 Feb;50(2):307-13. 

PubMed PMID: 21231792. Epub 2011/01/15. eng. 

27   Svenningsson A, Runmarker B, Lycke J, Andersen O. Incidence of MS during two 

fifteen-year periods in the Gothenburg region of Sweden. Acta neurologica 

Scandinavica. 1990 Sep;82(3):161-8. PubMed PMID: 2270743. Epub 1990/09/01. eng. 

28   Runmarker B, Andersson C, Oden A, Andersen O. Prediction of outcome in 

multiple sclerosis based on multivariate models. Journal of neurology. 1994 

Oct;241(10):597-604. PubMed PMID: 7836963. Epub 1994/10/01. eng. 

29   Bostrom I, Stawiarz L, Landtblom AM. Age-specific sex ratio of multiple sclerosis 

in the National Swedish MS Register (SMSreg). Multiple sclerosis. 2013 Aug 6. 

PubMed PMID: 23921135. 

30   Sundstrom P, Nystrom L, Forsgren L. Incidence (1988-97) and prevalence (1997) 

of multiple sclerosis in Vasterbotten County in northern Sweden. Journal of neurology, 

neurosurgery, and psychiatry. 2003 Jan;74(1):29-32. PubMed PMID: 12486262. 

Pubmed Central PMCID: 1738162. 

31   Ahlgren C, Odén A, Lycke J. High Nationwide Incidence of Multiple Sclerosis in 

Sweden. PloS one. 2014;9(9):e108599. 

32   Voskuhl R. Sex differences in autoimmune diseases. Biology of sex differences. 

2011;2(1):1. PubMed PMID: 21208397. Pubmed Central PMCID: 3022636. 

33   Westerlind H, Bostrom I, Stawiarz L, Landtblom AM, Almqvist C, Hillert J. New 

data identify an increasing sex ratio of multiple sclerosis in Sweden. Multiple sclerosis. 

2014 May 19. PubMed PMID: 24842964. Epub 2014/05/21. Eng. 



 

54 

34   Kalincik T, Vivek V, Jokubaitis V, Lechner-Scott J, Trojano M, Izquierdo G, et al. 

Sex as a determinant of relapse incidence and progressive course of multiple sclerosis. 

Brain : a journal of neurology. 2013 Dec;136(Pt 12):3609-17. PubMed PMID: 

24142147. Epub 2013/10/22. eng. 

35   Noseworthy JH, Lucchinetti C, Rodriguez M, Weinshenker BG. Multiple sclerosis. 

The New England journal of medicine. 2000 Sep 28;343(13):938-52. PubMed PMID: 

11006371. Epub 2000/09/28. eng. 

36   Karussis D. The diagnosis of multiple sclerosis and the various related 

demyelinating syndromes: A critical review. Journal of autoimmunity. 2014 February - 

March;48-49c:134-42. PubMed PMID: 24524923. Epub 2014/02/15. Eng. 

37   Compston A, Coles A. Multiple sclerosis. Lancet. 2002 Apr 6;359(9313):1221-31. 

PubMed PMID: 11955556. Epub 2002/04/17. eng. 

38   Kurtzke JF. Rating neurologic impairment in multiple sclerosis: an expanded 

disability status scale (EDSS). Neurology. 1983 Nov;33(11):1444-52. PubMed PMID: 

6685237. Epub 1983/11/01. eng. 

39   Cohen RA, Kessler HR, Fischer M. The Extended Disability Status Scale (EDSS) 

as a predictor of impairments of functional activities of daily living in multiple 

sclerosis. Journal of the neurological sciences. 1993 Apr;115(2):132-5. PubMed PMID: 

8482974. Epub 1993/04/01. eng. 

40   Khademi M, Dring AM, Gilthorpe JD, Wuolikainen A, Al Nimer F, Harris RA, et 

al. Intense inflammation and nerve damage in early multiple sclerosis subsides at older 

age: a reflection by cerebrospinal fluid biomarkers. PloS one. 2013;8(5):e63172. 

PubMed PMID: 23667585. Pubmed Central PMCID: Pmc3646751. Epub 2013/05/15. 

eng. 

41   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 

Jul 15;83(3):278-86. PubMed PMID: 24871874. Pubmed Central PMCID: 

Pmc4117366. Epub 2014/05/30. Eng. 

42   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". 

Annals of neurology. 2005 Dec;58(6):840-6. PubMed PMID: 16283615. 

43   Tullman MJ. Overview of the epidemiology, diagnosis, and disease progression 

associated with multiple sclerosis. The American journal of managed care. 2013 

Feb;19(2 Suppl):S15-20. PubMed PMID: 23544716. Epub 2013/04/12. eng. 

44   Palace J. Clinical and laboratory characteristics of secondary progressive MS. 

Journal of the neurological sciences. 2003 Feb 15;206(2):131-4. PubMed PMID: 

12559499. 



 

  55 

45   Vaneckova M, Kalincik T, Krasensky J, Horakova D, Havrdova E, Hrebikova T, et 

al. Corpus callosum atrophy--a simple predictor of multiple sclerosis progression: a 

longitudinal 9-year study. European neurology. 2012;68(1):23-7. PubMed PMID: 

22677920. Epub 2012/06/09. eng. 

46   Thompson A. Overview of primary progressive multiple sclerosis (PPMS): 

similarities and differences from other forms of MS, diagnostic criteria, pros and cons 

of progressive diagnosis. Multiple sclerosis. 2004 Jun;10 Suppl 1:S2-7. PubMed 

PMID: 15218803. 

47   Tullman MJ, Oshinsky RJ, Lublin FD, Cutter GR. Clinical characteristics of 

progressive relapsing multiple sclerosis. Multiple sclerosis. 2004 Aug;10(4):451-4. 

PubMed PMID: 15327045. 

48   Lucchinetti C, Bruck W, Parisi J, Scheithauer B, Rodriguez M, Lassmann H. 

Heterogeneity of multiple sclerosis lesions: implications for the pathogenesis of 

demyelination. Annals of neurology. 2000 Jun;47(6):707-17. PubMed PMID: 

10852536. 

49   Kutzelnigg A, Lassmann H. Pathology of multiple sclerosis and related 

inflammatory demyelinating diseases. Handbook of clinical neurology. 2014;122:15-

58. PubMed PMID: 24507512. Epub 2014/02/11. eng. 

50   Sladkova V, Mares J, Lubenova B, Zapletalova J, Stejskal D, Hlustik P, et al. 

Degenerative and inflammatory markers in the cerebrospinal fluid of multiple sclerosis 

patients with relapsing-remitting course of disease and after clinical isolated syndrome. 

Neurological research. 2011 May;33(4):415-20. PubMed PMID: 21535941. Epub 

2011/05/04. eng. 

51   Schippling S, Pleimes D, Edan G, Montalban X, Freedman M, Hartung H, et al. 

MRI Phenotypes As Predictors Of Clinical Outcomes In Patients With CIS in the 

BENEFIT Population (P1.226). Neurology. 2014 April 8, 2014;82(10 

Supplement):P1.226. 

52   Frohman EM, Racke MK, Raine CS. Multiple sclerosis--the plaque and its 

pathogenesis. The New England journal of medicine. 2006 Mar 2;354(9):942-55. 

PubMed PMID: 16510748. Epub 2006/03/03. eng. 

53   Holmoy T. The immunology of multiple sclerosis: disease mechanisms and 

therapeutic targets. Minerva medica. 2008 Apr;99(2):119-40. PubMed PMID: 

18431322. Epub 2008/04/24. eng. 

54   Fangerau T, Schimrigk S, Haupts M, Kaeder M, Ahle G, Brune N, et al. Diagnosis 

of multiple sclerosis: comparison of the Poser criteria and the new McDonald criteria. 

Acta neurologica Scandinavica. 2004 Jun;109(6):385-9. PubMed PMID: 15147460. 

55   Milo R, Miller A. Revised diagnostic criteria of multiple sclerosis. Autoimmunity 

reviews. 2014 Jan 12. PubMed PMID: 24424194. 



 

56 

56   Selchen D, Bhan V, Blevins G, Devonshire V, Duquette P, Grand'Maison F, et al. 

MS, MRI, and the 2010 McDonald criteria: a Canadian expert commentary. Neurology. 

2012 Dec 4;79(23 Suppl 2):S1-15. PubMed PMID: 23212280. 

57   Kamm CP, Uitdehaag BM, Polman CH. Multiple Sclerosis: Current Knowledge 

and Future Outlook. European neurology. 2014;72(3-4):132-41. 

58   Bermel RA, Fox RJ. MRI in multiple sclerosis. Continuum (Minneapolis, Minn). 

2010 Oct;16(5 Multiple Sclerosis):37-57. PubMed PMID: 22810597. Epub 2010/10/01. 

eng. 

59   Kau T, Taschwer M, Deutschmann H, Schonfelder M, Weber JR, Hausegger KA. 

The "central vein sign": is there a place for susceptibility weighted imaging in possible 

multiple sclerosis? European radiology. 2013 Jul;23(7):1956-62. PubMed PMID: 

23436147. 

60   De Stefano N, Airas L, Grigoriadis N, Mattle HP, O'Riordan J, Oreja-Guevara C, 

et al. Clinical relevance of brain volume measures in multiple sclerosis. CNS drugs. 

2014 Feb;28(2):147-56. PubMed PMID: 24446248. Epub 2014/01/22. eng. 

61   Ottervald J, Franzen B, Nilsson K, Andersson LI, Khademi M, Eriksson B, et al. 

Multiple sclerosis: Identification and clinical evaluation of novel CSF biomarkers. 

Journal of proteomics. 2010 Apr 18;73(6):1117-32. PubMed PMID: 20093204. Epub 

2010/01/23. eng. 

62   Alvarez-Cermeno JC, Villar LM. Multiple sclerosis: Oligoclonal bands--a useful 

tool to avoid MS misdiagnosis. Nature reviews Neurology. 2013 Jun;9(6):303-4. 

PubMed PMID: 23588351. 

63   Imrell K, Landtblom AM, Hillert J, Masterman T. Multiple sclerosis with and 

without CSF bands: clinically indistinguishable but immunogenetically distinct. 

Neurology. 2006 Sep 26;67(6):1062-4. PubMed PMID: 17000979. 

64   Tsakiri A, Kjaersgaard E, Grigoriadis N, Svane IM, Frederiksen JL. Effector and 

regulatory T cells in patients with acute optic neuritis. Neuroimmunomodulation. 

2012;19(2):111-20. PubMed PMID: 22248727. Epub 2012/01/18. eng. 

65   Katsavos S, Anagnostouli M. Biomarkers in Multiple Sclerosis: An Up-to-Date 

Overview. Multiple sclerosis international. 2013;2013:340508. PubMed PMID: 

23401777. Pubmed Central PMCID: 3564381. 

66   Grigoriadis N, Hadjigeorgiou GM. Virus-mediated autoimmunity in Multiple 

Sclerosis. Journal of autoimmune diseases. 2006;3:1. PubMed PMID: 16504001. 

Pubmed Central PMCID: 1397830. 

67   von Geldern G, Mowry EM. The influence of nutritional factors on the prognosis 

of multiple sclerosis. Nature reviews Neurology. 2012 Dec;8(12):678-89. PubMed 

PMID: 23026980. Epub 2012/10/03. eng. 



 

  57 

68   Hedstrom AK, Hillert J, Olsson T, Alfredsson L. Smoking and multiple sclerosis 

susceptibility. European journal of epidemiology. 2013 Nov;28(11):867-74. PubMed 

PMID: 24146047. Pubmed Central PMCID: 3898140. 

69   Handel AE, Williamson AJ, Disanto G, Dobson R, Giovannoni G, Ramagopalan 

SV. Smoking and multiple sclerosis: an updated meta-analysis. PloS one. 

2011;6(1):e16149. PubMed PMID: 21249154. Pubmed Central PMCID: 3020969. 

70   Nielsen NM, Bager P, Simonsen J, Hviid A, Stenager E, Bronnum-Hansen H, et al. 

Major stressful life events in adulthood and risk of multiple sclerosis. Journal of 

neurology, neurosurgery, and psychiatry. 2014 Mar 7. PubMed PMID: 24610940. Epub 

2014/03/13. Eng. 

71   Briggs FB, Acuna BS, Shen L, Bellesis KH, Ramsay PP, Quach H, et al. Adverse 

socioeconomic position during the life course is associated with multiple sclerosis. 

Journal of epidemiology and community health. 2014 Jul;68(7):622-9. PubMed PMID: 

24577137. Epub 2014/03/01. eng. 

72   O'Gorman C, Lucas R, Taylor B. Environmental risk factors for multiple sclerosis: 

a review with a focus on molecular mechanisms. International journal of molecular 

sciences. 2012;13(9):11718-52. PubMed PMID: 23109880. Pubmed Central PMCID: 

3472772. 

73   Burrell AM, Handel AE, Ramagopalan SV, Ebers GC, Morahan JM. Epigenetic 

mechanisms in multiple sclerosis and the major histocompatibility complex (MHC). 

Discovery medicine. 2011 Mar;11(58):187-96. PubMed PMID: 21447278. Epub 

2011/03/31. eng. 

74   Ebers G. Interactions of environment and genes in multiple sclerosis. Journal of the 

neurological sciences. 2013 Nov 15;334(1-2):161-3. PubMed PMID: 24007873. 

75   Genom Wide Association. Network-based multiple sclerosis pathway analysis with 

GWAS data from 15,000 cases and 30,000 controls. American journal of human 

genetics. 2013 Jun 6;92(6):854-65. PubMed PMID: 23731539. Pubmed Central 

PMCID: Pmc3958952. Epub 2013/06/05. eng. 

76   Gourraud PA, Sdika M, Khankhanian P, Henry RG, Beheshtian A, Matthews PM, 

et al. A genome-wide association study of brain lesion distribution in multiple sclerosis. 

Brain : a journal of neurology. 2013 Apr;136(Pt 4):1012-24. PubMed PMID: 

23412934. Pubmed Central PMCID: Pmc3613709. Epub 2013/02/16. eng. 

77   Harbo HF, Lie BA, Sawcer S, Celius EG, Dai KZ, Oturai A, et al. Genes in the 

HLA class I region may contribute to the HLA class II-associated genetic susceptibility 

to multiple sclerosis. Tissue antigens. 2004 Mar;63(3):237-47. PubMed PMID: 

14989713. Epub 2004/03/03. eng. 

78   Link J, Lorentzen AR, Kockum I, Duvefelt K, Lie BA, Celius EG, et al. Two HLA 

class I genes independently associated with multiple sclerosis. Journal of 



 

58 

neuroimmunology. 2010 Sep 14;226(1-2):172-6. PubMed PMID: 20678810. Epub 

2010/08/04. eng. 

79   Lundstrom W, Greiner E, Lundmark F, Westerlind H, Smestad C, Lorentzen AR, 

et al. No influence on disease progression of non-HLA susceptibility genes in MS. 

Journal of neuroimmunology. 2011 Aug 15;237(1-2):98-100. PubMed PMID: 

21742385. Epub 2011/07/12. eng. 

80   Ramagopalan SV, Link J, Byrnes JK, Dyment DA, Giovannoni G, Hintzen RQ, et 

al. HLA-DRB1 and month of birth in multiple sclerosis. Neurology. 2009 Dec 

15;73(24):2107-11. PubMed PMID: 20018638. Epub 2009/12/19. eng. 

81   Kolstad A, Hannestad K, Vandvik B, Vartdal F. Multiple sclerosis patients have a 

high frequency of an HLA-DQ beta epitope defined by a human-human hybridoma 

antibody. Tissue antigens. 1989 May;33(5):546-9. PubMed PMID: 2477915. Epub 

1989/05/01. eng. 

82   Fogdell A, Olerup O, Fredrikson S, Vrethem M, Hillert J. Linkage analysis of HLA 

class II genes in Swedish multiplex families with multiple sclerosis. Neurology. 1997 

Mar;48(3):758-62. PubMed PMID: 9065561. 

83   Wennerstrom A, Vlachopoulou E, Lahtela LE, Paakkanen R, Eronen KT, 

Seppanen M, et al. Diversity of extended HLA-DRB1 haplotypes in the Finnish 

population. PloS one. 2013;8(11):e79690. PubMed PMID: 24278156. Pubmed Central 

PMCID: Pmc3836878. Epub 2013/11/28. eng. 

84   Patsopoulos NA, Barcellos LF, Hintzen RQ, Schaefer C, van Duijn CM, Noble JA, 

et al. Fine-mapping the genetic association of the major histocompatibility complex in 

multiple sclerosis: HLA and non-HLA effects. PLoS genetics. 2013 

Nov;9(11):e1003926. PubMed PMID: 24278027. Pubmed Central PMCID: 

Pmc3836799. Epub 2013/11/28. eng. 

85   Spurkland A, Ronningen KS, Vandvik B, Thorsby E, Vartdal F. HLA-DQA1 and 

HLA-DQB1 genes may jointly determine susceptibility to develop multiple sclerosis. 

Human immunology. 1991 Jan;30(1):69-75. PubMed PMID: 2001977. Epub 

1991/01/01. eng. 

86   Zivadinov R, Uxa L, Bratina A, Bosco A, Srinivasaraghavan B, Minagar A, et al. 

HLA-DRB1*1501, -DQB1*0301, -DQB1*0302, -DQB1*0602, and -DQB1*0603 

alleles are associated with more severe disease outcome on MRI in patients with 

multiple sclerosis. International review of neurobiology. 2007;79:521-35. PubMed 

PMID: 17531857. 

87   Spurkland A, Tabira T, Ronningen KS, Vandvik B, Thorsby E, Vartdal F. HLA-

DRB1, -DQA1, -DQB1, -DPA1 and -DPB1 genes in Japanese multiple sclerosis 

patients. Tissue antigens. 1991 Apr;37(4):171-3. PubMed PMID: 1926126. Epub 

1991/04/01. eng. 



 

  59 

88   Modin H, Olsson W, Hillert J, Masterman T. Modes of action of HLA-DR 

susceptibility specificities in multiple sclerosis. American journal of human genetics. 

2004 Jun;74(6):1321-2. PubMed PMID: 15195659. Pubmed Central PMCID: 1182099. 

89   Qiu W, James I, Carroll WM, Mastaglia FL, Kermode AG. HLA-DR allele 

polymorphism and multiple sclerosis in Chinese populations: a meta-analysis. Multiple 

sclerosis. 2011 Apr;17(4):382-8. PubMed PMID: 21177322. 

90   Lundmark F, Duvefelt K, Iacobaeus E, Kockum I, Wallstrom E, Khademi M, et al. 

Variation in interleukin 7 receptor alpha chain (IL7R) influences risk of multiple 

sclerosis. Nature genetics. 2007 Sep;39(9):1108-13. PubMed PMID: 17660816. Epub 

2007/07/31. eng. 

91   Dobson R, Ramagopalan SV, Giovannoni G. Genome-wide association studies: 

will we ever predict susceptibility to multiple sclerosis through genetics? Expert review 

of neurotherapeutics. 2013 Mar;13(3):235-7. PubMed PMID: 23448211. 

92   Goris A, Pauwels I, Dubois B. Progress in multiple sclerosis genetics. Current 

genomics. 2012 Dec;13(8):646-63. PubMed PMID: 23730204. Pubmed Central 

PMCID: 3492804. 

93   Harbo HF, Datta P, Oturai A, Ryder LP, Sawcer S, Setakis E, et al. Two genome-

wide linkage disequilibrium screens in Scandinavian multiple sclerosis patients. Journal 

of neuroimmunology. 2003 Oct;143(1-2):101-6. PubMed PMID: 14575924. Epub 

2003/10/25. eng. 

94   Lin R, Charlesworth J, van der Mei I, Taylor BV. The genetics of multiple 

sclerosis. Practical neurology. 2012 Oct;12(5):279-88. PubMed PMID: 22976058. 

95   Kister I, Munger KL, Herbert J, Ascherio A. Increased risk of multiple sclerosis 

among women with migraine in the Nurses' Health Study II. Multiple sclerosis. 2011 

Aug 3. PubMed PMID: 21816759. Epub 2011/08/06. Eng. 

96   Haahr S, Koch-Henriksen N, Moller-Larsen A, Eriksen LS, Andersen HM. 

Increased risk of multiple sclerosis after late Epstein-Barr virus infection: a historical 

prospective study. Multiple sclerosis. 1995 Jun;1(2):73-7. PubMed PMID: 9345455. 

97   Holmoy T, Vartdal F. Infectious causes of multiple sclerosis. Lancet neurology. 

2005 May;4(5):268; discussion 9. PubMed PMID: 15847838. Epub 2005/04/26. eng. 

98   Kampman MT, Steffensen LH. The role of vitamin D in multiple sclerosis. Journal 

of photochemistry and photobiology B, Biology. 2010 Nov 3;101(2):137-41. PubMed 

PMID: 20471852. Epub 2010/05/18. eng. 

99   Ascherio A, Munger KL, White R, Kochert K, Simon KC, Polman CH, et al. 

Vitamin D as an Early Predictor of Multiple Sclerosis Activity and Progression. JAMA 

neurology. 2014 Jan 20. PubMed PMID: 24445558. 



 

60 

100   Munger KL, Levin LI, Hollis BW, Howard NS, Ascherio A. Serum 25-

hydroxyvitamin D levels and risk of multiple sclerosis. JAMA : the journal of the 

American Medical Association. 2006 Dec 20;296(23):2832-8. PubMed PMID: 

17179460. Epub 2006/12/21. eng. 

101   Simon KC, Munger KL, Kraft P, Hunter DJ, De Jager PL, Ascherio A. Genetic 

predictors of 25-hydroxyvitamin D levels and risk of multiple sclerosis. Journal of 

neurology. 2011 Sep;258(9):1676-82. PubMed PMID: 21431378. Epub 2011/03/25. 

eng. 

102   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. 

Annals of neurology. 2010 Aug;68(2):193-203. PubMed PMID: 20695012. Epub 

2010/08/10. eng. 

103   Newhook LA, Sloka S, Grant M, Randell E, Kovacs CS, Twells LK. Vitamin D 

insufficiency common in newborns, children and pregnant women living in 

Newfoundland and Labrador, Canada. Maternal & child nutrition. 2009 Apr;5(2):186-

91. PubMed PMID: 19292753. Epub 2009/03/19. eng. 

104   Fiddes B, Wason J, Kemppinen A, Ban M, Compston A, Sawcer S. Confounding 

underlies the apparent month of birth effect in multiple sclerosis. Annals of neurology. 

2013 Jun;73(6):714-20. PubMed PMID: 23744589. Pubmed Central PMCID: 

Pmc3748787. Epub 2013/06/08. eng. 

105   Ueda P, Rafatnia F, Baarnhielm M, Frobom R, Korzunowicz G, Lonnerbro R, et 

al. Neonatal vitamin D status and risk of multiple sclerosis. Annals of neurology. 2014 

Jul 1. PubMed PMID: 24985080. Epub 2014/07/06. Eng. 

106   James E, Dobson R, Kuhle J, Baker D, Giovannoni G, Ramagopalan SV. The 

effect of vitamin D-related interventions on multiple sclerosis relapses: a meta-analysis. 

Multiple sclerosis. 2013 Oct;19(12):1571-9. PubMed PMID: 23698130. Epub 

2013/05/24. eng. 

107   Spach KM, Hayes CE. Vitamin D3 confers protection from autoimmune 

encephalomyelitis only in female mice. Journal of immunology. 2005 Sep 

15;175(6):4119-26. PubMed PMID: 16148162. Epub 2005/09/09. eng. 

108   Di Pauli F, Reindl M, Ehling R, Schautzer F, Gneiss C, Lutterotti A, et al. 

Smoking is a risk factor for early conversion to clinically definite multiple sclerosis. 

Multiple sclerosis. 2008 Sep;14(8):1026-30. PubMed PMID: 18632775. Epub 

2008/07/18. eng. 

109   Ramagopalan SV, Lee JD, Yee IM, Guimond C, Traboulsee AL, Ebers GC, et al. 

Association of smoking with risk of multiple sclerosis: a population-based study. 

Journal of neurology. 2013 Jul;260(7):1778-81. PubMed PMID: 23455932. 



 

  61 

110   Riise T, Nortvedt MW, Ascherio A. Smoking is a risk factor for multiple 

sclerosis. Neurology. 2003 Oct 28;61(8):1122-4. PubMed PMID: 14581676. Epub 

2003/10/29. eng. 

111   Hedstrom AK, Baarnhielm M, Olsson T, Alfredsson L. Exposure to 

environmental tobacco smoke is associated with increased risk for multiple sclerosis. 

Multiple sclerosis. 2011 Jul;17(7):788-93. PubMed PMID: 21372120. Epub 

2011/03/05. eng. 

112   Brey RL. Patient page. Cigarette smoking and multiple sclerosis (MS): yet 

another reason to quit. Neurology. 2003 Oct 28;61(8):E11-2. PubMed PMID: 

14581703. Epub 2003/10/29. eng. 

113   Poskanzer DC, Schapira K, Miller H. Comparison of the Epidemiology of 

Multiple Sclerosis and of Poliomyelitis. Transactions of the American Neurological 

Association. 1963;88:253-5. PubMed PMID: 14272246. 

114   Leibowitz U, Kahana E, Alter M. Multiple sclerosis in immigrant and native 

populations of Israel. Lancet. 1969 Dec 20;2(7634):1323-5. PubMed PMID: 4188092. 

115   Panelius M. An introduction to the possible connection of multiple sclerosis with 

a virus infection. Annals of clinical research. 1973 Oct;5(5):316-8. PubMed PMID: 

4792207. 

116   Vandvik B, Norrby E. Paramyxovirus SV5 and multiple sclerosis. Nature. 1989 

Apr 27;338(6218):769-71. PubMed PMID: 2541340. Epub 1989/04/27. eng. 

117   Torkildsen O, Nyland H, Myrmel H, Myhr KM. Epstein-Barr virus reactivation 

and multiple sclerosis. European journal of neurology : the official journal of the 

European Federation of Neurological Societies. 2008 Jan;15(1):106-8. PubMed PMID: 

18042233. Epub 2007/11/29. eng. 

118   Almohmeed YH, Avenell A, Aucott L, Vickers MA. Systematic review and meta-

analysis of the sero-epidemiological association between Epstein Barr virus and 

multiple sclerosis. PloS one. 2013;8(4):e61110. PubMed PMID: 23585874. Pubmed 

Central PMCID: 3621759. 

119   Kvistad S, Myhr KM, Holmoy T, Bakke S, Beiske AG, Bjerve KS, et al. 

Antibodies to Epstein-Barr virus and MRI disease activity in multiple sclerosis. 

Multiple sclerosis. 2014 May 19. PubMed PMID: 24842958. Epub 2014/05/21. Eng. 

120   Santpere G, Darre F, Blanco S, Alcami A, Villoslada P, Mar Alba M, et al. 

Genome-wide analysis of wild-type Epstein-Barr virus genomes derived from healthy 

individuals of the 1,000 Genomes Project. Genome biology and evolution. 2014 

Apr;6(4):846-60. PubMed PMID: 24682154. Epub 2014/04/01. eng. 

121   Smyk DS, Alexander AK, Walker M, Walker M. Acute disseminated 

encephalomyelitis progressing to multiple sclerosis: Are infectious triggers involved? 



 

62 

Immunologic research. 2014 Mar 26. PubMed PMID: 24668297. Epub 2014/03/29. 

Eng. 

122   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. Multiple sclerosis. 2013 Feb;19(2):162-6. PubMed PMID: 22740437. 

Epub 2012/06/29. eng. 

123   Gold SM, Mohr DC, Huitinga I, Flachenecker P, Sternberg EM, Heesen C. The 

role of stress-response systems for the pathogenesis and progression of MS. Trends in 

immunology. 2005 Dec;26(12):644-52. PubMed PMID: 16214415. 

124   Rapaport B, Karceski S. Multiple sclerosis and stress. Neurology. 2012 Jul 

31;79(5):e47-9. PubMed PMID: 22851726. 

125   Karagkouni A, Alevizos M, Theoharides TC. Effect of stress on brain 

inflammation and multiple sclerosis. Autoimmunity reviews. 2013 Aug;12(10):947-53. 

PubMed PMID: 23537508. Epub 2013/03/30. eng. 

126   Mohr DC, Hart SL, Julian L, Cox D, Pelletier D. Association between stressful 

life events and exacerbation in multiple sclerosis: a meta-analysis. Bmj. 2004 Mar 

27;328(7442):731. PubMed PMID: 15033880. Pubmed Central PMCID: 381319. 

127   Gilgun-Sherki Y, Melamed E, Offen D. The role of oxidative stress in the 

pathogenesis of multiple sclerosis: the need for effective antioxidant therapy. Journal of 

neurology. 2004 Mar;251(3):261-8. PubMed PMID: 15015004. Epub 2004/03/12. eng. 

128   He Y, Du M, Gao Y, Liu H, Wang H, Wu X, et al. Astragaloside IV attenuates 

experimental autoimmune encephalomyelitis of mice by counteracting oxidative stress 

at multiple levels. PloS one. 2013;8(10):e76495. PubMed PMID: 24124567. Pubmed 

Central PMCID: Pmc3790693. Epub 2013/10/15. eng. 

129   Nielsen NM, Jorgensen KT, Bager P, Stenager E, Pedersen BV, Hjalgrim H, et al. 

Socioeconomic factors in childhood and the risk of multiple sclerosis. American journal 

of epidemiology. 2013 Jun 1;177(11):1289-95. PubMed PMID: 23660795. 

130   Montgomery SM, Lambe M, Olsson T, Ekbom A. Parental age, family size, and 

risk of multiple sclerosis. Epidemiology (Cambridge, Mass). 2004 Nov;15(6):717-23. 

PubMed PMID: 15475721. Epub 2004/10/12. eng. 

131   Debouverie M, Rumbach L, Clavelou P. [The organisation of health care and 

epidemiology of multiple sclerosis in France]. Revue neurologique. 2007 Jun;163(6-

7):637-45. PubMed PMID: 17607182. Epub 2007/07/04. Donnees epidemiologiques et 

analyse de l'offre de soins de la sclerose en plaques en France. fre. 

132   Olsson T. The new era of multiple sclerosis therapy. Journal of internal medicine. 

2014 Apr;275(4):382-6. PubMed PMID: 24433367. Epub 2014/01/18. eng. 



 

  63 

133   Bridel C, Lalive PH. Update on multiple sclerosis treatments. Swiss medical 

weekly. 2014;144:w14012. PubMed PMID: 25247669. Epub 2014/09/24. eng. 

134   Holmoy T, Vartdal F. The immunological basis for treatment of multiple 

sclerosis. Scandinavian journal of immunology. 2007 Oct;66(4):374-82. PubMed 

PMID: 17850581. Epub 2007/09/14. eng. 

135   Derwenskus J, Lublin FD. Use of interferon-beta in the treatment of multiple 

sclerosis. Advances in neurology. 2006;98:257-71. PubMed PMID: 16400838. Epub 

2006/01/13. eng. 

136   Kinkel RP. Interferon-beta1a: a once-weekly immunomodulatory treatment for 

patients with multiple sclerosis. Expert review of clinical immunology. 2006 

Sep;2(5):691-704. PubMed PMID: 20477625. Epub 2006/09/01. eng. 

137   Boster A, Bartoszek MP, O'Connell C, Pitt D, Racke M. Efficacy, safety, and 

cost-effectiveness of glatiramer acetate in the treatment of relapsing-remitting multiple 

sclerosis. Therapeutic advances in neurological disorders. 2011 Sep;4(5):319-32. 

PubMed PMID: 22010043. Pubmed Central PMCID: Pmc3187678. Epub 2011/10/20. 

eng. 

138   Beck RW, Cleary PA, Trobe JD, Kaufman DI, Kupersmith MJ, Paty DW, et al. 

The effect of corticosteroids for acute optic neuritis on the subsequent development of 

multiple sclerosis. The Optic Neuritis Study Group. The New England journal of 

medicine. 1993 Dec 9;329(24):1764-9. PubMed PMID: 8232485. 

139   Zivadinov R. Steroids and brain atrophy in multiple sclerosis. Journal of the 

neurological sciences. 2005 Jun 15;233(1-2):73-81. PubMed PMID: 15882880. Epub 

2005/05/11. eng. 

140   Brandes DW, Callender T, Lathi E, O'Leary S. A review of disease-modifying 

therapies for MS: maximizing adherence and minimizing adverse events. Current 

medical research and opinion. 2009 Jan;25(1):77-92. PubMed PMID: 19210141. 

141   Filippini G, Del Giovane C, Vacchi L, D'Amico R, Di Pietrantonj C, Beecher D, 

et al. Immunomodulators and immunosuppressants for multiple sclerosis: a network 

meta-analysis. The Cochrane database of systematic reviews. 2013;6:Cd008933. 

PubMed PMID: 23744561. Epub 2013/06/08. eng. 

142   Kappos L, Antel J, Comi G, Montalban X, O'Connor P, Polman CH, et al. Oral 

fingolimod (FTY720) for relapsing multiple sclerosis. The New England journal of 

medicine. 2006 Sep 14;355(11):1124-40. PubMed PMID: 16971719. Epub 2006/09/15. 

eng. 

143   Andersson RE, Olaison G, Tysk C, Ekbom A. Appendectomy and protection 

against ulcerative colitis. The New England journal of medicine. 2001 Mar 

15;344(11):808-14. PubMed PMID: 11248156. 



 

64 

144   Ludvigsson JF, Askling J, Ekbom A, Montgomery SM. Diagnosis underlying 

appendectomy and coeliac disease risk. Digestive and liver disease. 2006;38(11):823-8. 

145   Ekbom A. The epidemiology of IBD. A lot of data but little knowledge. How 

shall we proceed? Inflammatory bowel diseases. 2004;10(7):S32-S4. 

146   Montgomery SM, Lambe M, Wakefield AJ, Pounder RE, Ekbom A. Siblings and 

the risk of inflammatory bowel disease. Scandinavian journal of gastroenterology. 2002 

Nov;37(11):1301-8. PubMed PMID: 12465729. Epub 2002/12/06. eng. 

147   Koutroubakis IE, Vlachonikolis IG. Appendectomy and the development of 

ulcerative colitis: results of a metaanalysis of published case-control studies. The 

American journal of gastroenterology. 2000 Jan;95(1):171-6. PubMed PMID: 

10638578. Epub 2000/01/19. eng. 

148   Poskanzer DC. Tonsillectomy and multiple sclerosis. Lancet. 1965 Dec 

18;2(7425):1264-6. PubMed PMID: 4165404. Epub 1965/12/18. eng. 

149   Lamoureux G, Giard N, Jolicoeur R, Toughlian V, Desrosiers M. Immunological 

features in multiple sclerosis. British medical journal. 1976 Jan 24;1(6003):183-6. 

PubMed PMID: 764920. Pubmed Central PMCID: Pmc1638425. Epub 1976/01/24. 

eng. 

150   Andersen E, Isager H, Hyllested K. Risk factors in multiple sclerosis: tuberculin 

reactivity, age at measles infection, tonsillectomy and appendectomy. Acta neurologica 

Scandinavica. 1981 Feb;63(2):131-5. PubMed PMID: 7211178. 

151   Nielsen NM, Frisch M, Rostgaard K, Wohlfahrt J, Hjalgrim H, Koch-Henriksen 

N, et al. Autoimmune diseases in patients with multiple sclerosis and their first-degree 

relatives: a nationwide cohort study in Denmark. Multiple sclerosis. 2008 

Jul;14(6):823-9. PubMed PMID: 18573841. Epub 2008/06/25. eng. 

152   Salvi E, Kutalik Z, Glorioso N, Benaglio P, Frau F, Kuznetsova T, et al. 

Genomewide Association Study Using a High-Density Single Nucleotide 

Polymorphism Array and Case-Control Design Identifies a Novel Essential 

Hypertension Susceptibility Locus in the Promoter Region of Endothelial NO Synthase. 

Hypertension. 2011 Dec 19. PubMed PMID: 22184326. Epub 2011/12/21. Eng. 

153   Mkhikian H, Grigorian A, Li CF, Chen HL, Newton B, Zhou RW, et al. Genetics 

and the environment converge to dysregulate N-glycosylation in multiple sclerosis. 

Nature communications. 2011;2:334. PubMed PMID: 21629267. Pubmed Central 

PMCID: Pmc3133923. Epub 2011/06/02. eng. 

154   Vyse TJ. Genetics: unraveling the genetics of autoimmune disease. Nature 

reviews Rheumatology. 2009 Apr;5(4):187-8. PubMed PMID: 19337281. Epub 

2009/04/02. eng. 



 

  65 

155   Zenewicz LA, Abraham C, Flavell RA, Cho JH. Unraveling the genetics of 

autoimmunity. Cell. 2010 Mar 19;140(6):791-7. PubMed PMID: 20303870. Pubmed 

Central PMCID: Pmc3491807. Epub 2010/03/23. eng. 

156   Handel AE, Handunnetthi L, Ebers GC, Ramagopalan SV. Type 1 diabetes 

mellitus and multiple sclerosis: common etiological features. Nature reviews 

Endocrinology. 2009 Dec;5(12):655-64. PubMed PMID: 19884899. Epub 2009/11/04. 

eng. 

157   Gregersen PK. HLA class II polymorphism: implications for genetic 

susceptibility to autoimmune disease.  Pathology Reviews• 1990: Springer; 1990. p. 81-

95. 

158   Hillert J. The genetics of multiple sclerosis. Results and problems in cell 

differentiation. 2010;51:1-19. PubMed PMID: 19582414. Epub 2009/07/08. eng. 

159   Brynedal B, Duvefelt K, Jonasdottir G, Roos IM, Akesson E, Palmgren J, et al. 

HLA-A confers an HLA-DRB1 independent influence on the risk of multiple sclerosis. 

PloS one. 2007;2(7):e664. PubMed PMID: 17653284. Pubmed Central PMCID: 

Pmc1919434. Epub 2007/07/27. eng. 

160   Olsson T, Hillert J. The genetics of multiple sclerosis and its experimental 

models. Current opinion in neurology. 2008 Jun;21(3):255-60. PubMed PMID: 

18451707. Epub 2008/05/03. eng. 

161   Barcellos LF, Kamdar BB, Ramsay PP, DeLoa C, Lincoln RR, Caillier S, et al. 

Clustering of autoimmune diseases in families with a high-risk for multiple sclerosis: a 

descriptive study. Lancet neurology. 2006 Nov;5(11):924-31. PubMed PMID: 

17052659. Epub 2006/10/21. eng. 

162   Kwok T, Jing Loo W, Guenther L. Psoriasis and multiple sclerosis: is there a 

link? J Cutan Med Surg. 2010 Jul-Aug;14(4):151-5. PubMed PMID: 20642982. Epub 

2010/07/21. eng. 

163   Eaton WW, Rose NR, Kalaydjian A, Pedersen MG, Mortensen PB. Epidemiology 

of autoimmune diseases in Denmark. Journal of autoimmunity. 2007 Aug;29(1):1-9. 

PubMed PMID: 17582741. Pubmed Central PMCID: Pmc2717015. Epub 2007/06/22. 

eng. 

164   Christiansen CF, Christensen S, Farkas DK, Miret M, Sorensen HT, Pedersen L. 

Risk of arterial cardiovascular diseases in patients with multiple sclerosis: a population-

based cohort study. Neuroepidemiology. 2010;35(4):267-74. PubMed PMID: 

20881430. Epub 2010/10/01. eng. 

165   Aktas O, Ingwersen J, Kieseier B, Kury P, Hohlfeld R, Hartung HP. [Oral 

fingolimod in multiple sclerosis: therapeutic modulation of the sphingosine-1-

phosphate system]. Der Nervenarzt. 2011 Feb;82(2):215-25. PubMed PMID: 



 

66 

20842337. Epub 2010/09/16. Orales Fingolimod bei Multipler Sklerose : 

Therapeutische Modulation des Sphingosin-1-Phosphat-Systems. ger. 

166   Acevedo AR, Nava C, Arriada N, Violante A, Corona T. Cardiovascular 

dysfunction in multiple sclerosis. Acta neurologica Scandinavica. 2000 Feb;101(2):85-

8. PubMed PMID: 10685853. Epub 2000/02/24. eng. 

167   Allen NB, Lichtman JH, Cohen HW, Fang J, Brass LM, Alderman MH. Vascular 

disease among hospitalized multiple sclerosis patients. Neuroepidemiology. 

2008;30(4):234-8. PubMed PMID: 18437030. Epub 2008/04/26. eng. 

168   Kang JH, Chen YH, Lin HC. Comorbidities amongst patients with multiple 

sclerosis: a population-based controlled study. European journal of neurology : the 

official journal of the European Federation of Neurological Societies. 2010 

Sep;17(9):1215-9. PubMed PMID: 20192982. 

169   Fleming ST, Blake RL, Jr. Patterns of comorbidity in elderly patients with 

multiple sclerosis. Journal of clinical epidemiology. 1994 Oct;47(10):1127-32. PubMed 

PMID: 7722546. Epub 1994/10/01. eng. 

170   Lindegard B. Diseases associated with multiple sclerosis and epilepsy. A 

population cohort study of 159,200 middle-aged, urban, native Swedes observed over 

10 years (1970-79). Acta neurologica Scandinavica. 1985 Apr;71(4):267-77. PubMed 

PMID: 3873780. Epub 1985/04/01. eng. 

171   Wens I, Dalgas U, Stenager E, Eijnde BO. Risk factors related to cardiovascular 

diseases and the metabolic syndrome in multiple sclerosis - a systematic review. 

Multiple sclerosis. 2013 Oct;19(12):1556-64. PubMed PMID: 24048545. Epub 

2013/09/21. eng. 

172   Arpaia G, Bavera PM, Caputo D, Mendozzi L, Cavarretta R, Agus GB, et al. Risk 

of deep venous thrombosis (DVT) in bedridden or wheelchair-bound multiple sclerosis 

patients: a prospective study. Thrombosis research. 2010 Apr;125(4):315-7. PubMed 

PMID: 19640570. Epub 2009/07/31. eng. 

173   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 : a journal of neurology. 2010 Jul;133(Pt 7):1914-29. 

PubMed PMID: 20534650. Pubmed Central PMCID: 2892939. 

174   Fang F, Keating NL, Mucci LA, Adami HO, Stampfer MJ, Valdimarsdottir U, et 

al. Immediate risk of suicide and cardiovascular death after a prostate cancer diagnosis: 

cohort study in the United States. Journal of the National Cancer Institute. 2010 Mar 

3;102(5):307-14. PubMed PMID: 20124521. Epub 2010/02/04. eng. 

175   Fang F, Fall K, Mittleman MA, Sparen P, Ye W, Adami HO, et al. Suicide and 

cardiovascular death after a cancer diagnosis. The New England journal of medicine. 

2012 Apr 5;366(14):1310-8. PubMed PMID: 22475594. Epub 2012/04/06. eng. 



 

  67 

176   Kingwell E, Bajdik C, Phillips N, Zhu F, Oger J, Hashimoto S, et al. Cancer risk 

in multiple sclerosis: findings from British Columbia, Canada. Brain : a journal of 

neurology. 2012 Oct;135(Pt 10):2973-9. PubMed PMID: 22730559. Epub 2012/06/26. 

eng. 

177   Bronnum-Hansen H, Stenager E, Hansen T, Koch-Henriksen H. Survival and 

mortality rates among Danes with MS. International MS journal / MS Forum. 2006 

May;13(2):66-71. PubMed PMID: 16635423. Epub 2006/04/26. eng. 

178   Andersen O. From the Gothenburg cohort to the Swedish multiple sclerosis 

registry. Acta neurologica Scandinavica Supplementum. 2012 (195):13-9. PubMed 

PMID: 23278651. Epub 2013/01/04. eng. 

179   National Board of Health & Welfare. The Swedish Hospital Discharge Register 

1987-1996: Quality and Contents. Stockholm: Centre for Epidemiology, 1998. 

20140522;http://www.socialstyrelsen.se/Lists/Artikelkatalog/Attachments/8708/2008-

125-1_20081251_rev.pdf (accessed 22 May 2014). English and Swedish. 

180   Ludvigsson JF, Andersson E, Ekbom A, Feychting M, Kim JL, Reuterwall C, et 

al. External review and validation of the Swedish national inpatient register. BMC 

public health. 2011;11:450. PubMed PMID: 21658213. Pubmed Central PMCID: 

Pmc3142234. Epub 2011/06/11. eng. 

181   Ekbom A. The Swedish Multi-generation Register. Methods in molecular biology 

(Clifton, NJ). 2011;675:215-20. PubMed PMID: 20949391. Epub 2010/10/16. eng. 

182   Barlow L, Westergren K, Holmberg L, Talback M. The completeness of the 

Swedish Cancer Register: a sample survey for year 1998. Acta oncologica (Stockholm, 

Sweden). 2009;48(1):27-33. PubMed PMID: 18767000. Epub 2008/09/04. eng. 

183   Sandblom G, Dufmats M, Olsson M, Varenhorst E. Validity of a population-

based cancer register in Sweden--an assessment of data reproducibility in the South-

East Region Prostate Cancer Register. Scandinavian journal of urology and nephrology. 

2003;37(2):112-9. PubMed PMID: 12745718. Epub 2003/05/15. eng. 

184   Ludvigsson JF, Otterblad-Olausson P, Pettersson BU, Ekbom A. The Swedish 

personal identity number: possibilities and pitfalls in healthcare and medical research. 

European journal of epidemiology. 2009;24(11):659-67. 

185   Montgomery S, Hassan A, Bahmanyar S, Brus O, Hussein O, Hiyoshi A, et al. 

Mortality following a brain tumour diagnosis in patients with multiple sclerosis. BMJ 

open. 2013;3(11):e003622. PubMed PMID: 24220114. Pubmed Central PMCID: 

3831093. 

186   Franciotta D, Salvetti M, Lolli F, Serafini B, Aloisi F. B cells and multiple 

sclerosis. Lancet neurology. 2008 Sep;7(9):852-8. PubMed PMID: 18703007. Epub 

2008/08/16. eng. 

http://www.socialstyrelsen.se/Lists/Artikelkatalog/Attachments/8708/2008-125-1_20081251_rev.pdf
http://www.socialstyrelsen.se/Lists/Artikelkatalog/Attachments/8708/2008-125-1_20081251_rev.pdf


 

68 

187   Lunny C, Knopp-Sihota J, Fraser S. Surgery and risk for multiple sclerosis: a 

systematic review and meta-analysis of case-control studies. BMC neurology. 

2013;13(1):41. PubMed PMID: doi:10.1186/1471-2377-13-41. 

188   Gorgollon P. The normal human appendix: a light and electron microscopic 

study. Journal of anatomy. 1978 May;126(Pt 1):87-101. PubMed PMID: 649505. 

Pubmed Central PMCID: Pmc1235714. Epub 1978/05/01. eng. 

189   Lunny C, Knopp-Sihota JA, Fraser SN. Surgery and risk for multiple sclerosis: a 

systematic review and meta-analysis of case-control studies. BMC neurology. 

2013;13:41. PubMed PMID: 23648120. Pubmed Central PMCID: 3651719. 

190   Olsson T, Baig S, Hojeberg B, Link H. Antimyelin basic protein and antimyelin 

antibody-producing cells in multiple sclerosis. Annals of neurology. 1990 

Feb;27(2):132-6. PubMed PMID: 1690527. Epub 1990/02/01. eng. 

191   Hedegaard CJ, Krakauer M, Bendtzen K, Lund H, Sellebjerg F, Nielsen CH. T 

helper cell type 1 (Th1), Th2 and Th17 responses to myelin basic protein and disease 

activity in multiple sclerosis. Immunology. 2008 Oct;125(2):161-9. PubMed PMID: 

18397264. Pubmed Central PMCID: Pmc2561132. Epub 2008/04/10. eng. 

192   Goldhaber SZ, Morrison RB. Cardiology patient pages. Pulmonary embolism and 

deep vein thrombosis. Circulation. 2002 Sep 17;106(12):1436-8. PubMed PMID: 

12234943. Epub 2002/09/18. eng. 

193   Read NW, Celik AF, Katsinelos P. Constipation and incontinence in the elderly. 

Journal of clinical gastroenterology. 1995 Jan;20(1):61-70. PubMed PMID: 7884183. 

Epub 1995/01/01. eng. 

194   Mistry N, Dixon J, Tallantyre E, Tench C, Abdel-Fahim R, Jaspan T, et al. 

Central veins in brain lesions visualized with high-field magnetic resonance imaging: a 

pathologically specific diagnostic biomarker for inflammatory demyelination in the 

brain. JAMA neurology. 2013 May;70(5):623-8. PubMed PMID: 23529352. Epub 

2013/03/27. eng. 

195   Fleming ST. Multiple sclerosis as a comorbidity: a study of resource utilization 

and outcomes of care. Clinical performance and quality health care. 1995 Jan-

Mar;3(1):23-30. PubMed PMID: 10141396. 

196   Laird AS, Finch AM, Waite PM, Carrive P. Peripheral changes above and below 

injury level lead to prolonged vascular responses following high spinal cord injury. 

American journal of physiology Heart and circulatory physiology. 2008 

Feb;294(2):H785-92. PubMed PMID: 18055525. 

197   La Gerche A, Schmied CM. Atrial fibrillation in athletes and the interplay 

between exercise and health. European heart journal. 2013 Dec;34(47):3599-602. 

PubMed PMID: 23884920. 



 

  69 

198   Rodriguez-Antiguedad Zarranz A, Mendibe Bilbao M, Llarena Gonzalez C, 

Audicana C. Mortality and cause of death in multiple sclerosis: findings from a 

prospective population-based cohort in bizkaia, basque country, Spain. 

Neuroepidemiology. 2014;42(4):219-25. PubMed PMID: 24821604. Epub 2014/05/14. 

eng. 

199   Brønnum‐Hansen H, Koch‐Henriksen N, Stenager E. Trends in survival and 

cause of death in Danish patients with multiple sclerosis. Brain : a journal of neurology. 

2004 April 1, 2004;127(4):844-50. 

200   Jick SS, Li L, Falcone GJ, Vassilev ZP, Wallander MA. Mortality of patients with 

multiple sclerosis: a cohort study in UK primary care. Journal of neurology. 2014 May 

18. PubMed PMID: 24838537. Epub 2014/05/20. Eng. 

201   Sumelahti ML, Hakama M, Elovaara I, Pukkala E. Causes of death among 

patients with multiple sclerosis. Multiple sclerosis. 2010 Dec;16(12):1437-42. PubMed 

PMID: 20826526. Epub 2010/09/10. eng. 

202   Johansson LA, Westerling R. Comparing Swedish hospital discharge records with 

death certificates: implications for mortality statistics. International journal of 

epidemiology. 2000 Jun;29(3):495-502. PubMed PMID: 10869322. 

203   Lebrun C, Vermersch P, Brassat D, Defer G, Rumbach L, Clavelou P, et al. 

Cancer and multiple sclerosis in the era of disease-modifying treatments. Journal of 

neurology. 2011 Jul;258(7):1304-11. PubMed PMID: 21293872. Epub 2011/02/05. 

eng. 

204   Nielsen NM, Rostgaard K, Rasmussen S, Koch-Henriksen N, Storm HH, Melbye 

M, et al. Cancer risk among patients with multiple sclerosis: a population-based register 

study. International journal of cancer Journal international du cancer. 2006 Feb 

15;118(4):979-84. PubMed PMID: 16152598. Epub 2005/09/10. eng. 

205   Freedman DM, Dosemeci M, Alavanja MC. Mortality from multiple sclerosis and 

exposure to residential and occupational solar radiation: a case-control study based on 

death certificates. Occupational and environmental medicine. 2000 Jun;57(6):418-21. 

PubMed PMID: 10810132. Pubmed Central PMCID: Pmc1739969. Epub 2000/05/16. 

eng. 

206   Sun LM, Lin CL, Chung CJ, Liang JA, Sung FC, Kao CH. Increased breast 

cancer risk for patients with multiple sclerosis: a nationwide population-based cohort 

study. European journal of neurology : the official journal of the European Federation 

of Neurological Societies. 2014 Feb;21(2):238-44. PubMed PMID: 24053223. 

207   VanAmerongen BM, Dijkstra CD, Lips P, Polman CH. Multiple sclerosis and 

vitamin D: an update. European journal of clinical nutrition. 2004 Aug;58(8):1095-109. 

PubMed PMID: 15054436. Epub 2004/04/01. eng. 



 

70 

208   Wei MY, Giovannucci EL. Vitamin D and multiple health outcomes in the 

Harvard cohorts. Molecular nutrition & food research. 2010 Aug;54(8):1114-26. 

PubMed PMID: 20486209. Epub 2010/05/21. eng. 

209   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. 

210   Grant WB, Garland CF. Vitamin D has a greater impact on cancer mortality rates 

than on cancer incidence rates. Bmj. 2014;348:g2862. PubMed PMID: 24780390. Epub 

2014/05/02. eng. 

211   Zhang R, Naughton DP. Vitamin D in health and disease: current perspectives. 

Nutrition journal. 2010;9:65. PubMed PMID: 21143872. Pubmed Central PMCID: 

Pmc3019131. Epub 2010/12/15. eng. 

212   Manouchehrinia A, Weston M, Tench CR, Britton J, Constantinescu CS. Tobacco 

smoking and excess mortality in multiple sclerosis: a cohort study. Journal of 

neurology, neurosurgery, and psychiatry. 2014 Feb 25. PubMed PMID: 24569687. 

Epub 2014/02/27. Eng. 

213   Trejo YG, Bordenave RH, Beviacqua M, Zanoni L, Rumi LS. Tumor necrosis 

factor-alfa production by monocytes from lung and colorectal cancer patients. Journal 

of experimental & clinical cancer research : CR. 2001 Mar;20(1):71-3. PubMed PMID: 

11370833. Epub 2001/05/24. eng. 

214   Obradovic D, Kataranovski M, Dincic E, Obradovic S, Colic M. Tumor necrosis 

factor-alfa and interleukin-4 in cerbrospinal fluid and plasma in different clinical forms 

of multiple sclerosis. Vojnosanitetski pregled Military-medical and pharmaceutical 

review. 2012 Feb;69(2):151-6. PubMed PMID: 22500369. Epub 2012/04/17. eng. 

215   Nortvedt MW, Riise T, Maeland JG. Multiple sclerosis and lifestyle factors: the 

Hordaland Health Study. Neurological sciences : official journal of the Italian 

Neurological Society and of the Italian Society of Clinical Neurophysiology. 2005 

Dec;26(5):334-9. PubMed PMID: 16388368. Epub 2006/01/03. eng. 

216   Ceschi M, Gutzwiller F, Moch H, Eichholzer M, Probst-Hensch NM. 

Epidemiology and pathophysiology of obesity as cause of cancer. Swiss medical 

weekly. 2007 Jan 27;137(3-4):50-6. PubMed PMID: 17299670. Epub 2007/02/15. eng. 

217   Berrington de Gonzalez A, Hartge P, Cerhan JR, Flint AJ, Hannan L, MacInnis 

RJ, et al. Body-Mass Index and Mortality among 1.46 Million White Adults. New 

England Journal of Medicine. 2010;363(23):2211-9. PubMed PMID: 21121834. 

218   Landgren AM, Landgren O, Gridley G, Dores GM, Linet MS, Morton LM. 

Autoimmune disease and subsequent risk of developing alimentary tract cancers among 

4.5 million US male veterans. Cancer. 2011 Mar 15;117(6):1163-71. PubMed PMID: 

21381009. Pubmed Central PMCID: Pmc3052786. Epub 2011/03/08. eng. 



 

  71 

219   Mandia D, Ferraro OE, Nosari G, Montomoli C, Zardini E, Bergamaschi R. 

Environmental factors and multiple sclerosis severity: a descriptive study. International 

journal of environmental research and public health. 2014 Jun;11(6):6417-32. PubMed 

PMID: 24950063. Pubmed Central PMCID: Pmc4078587. Epub 2014/06/21. eng. 

220   Ludvigsson JF, de Faire U, Ekbom A, Montgomery SM. Vascular disease in a 

population-based cohort of individuals hospitalised with coeliac disease. Heart (British 

Cardiac Society). 2007 Sep;93(9):1111-5. PubMed PMID: 17277354. Pubmed Central 

PMCID: Pmc1955032. Epub 2007/02/06. eng. 

221   Villar LM, Garcia-Barragan N, Sadaba MC, Espino M, Gomez-Rial J, Martinez-

San Millan J, et al. Accuracy of CSF and MRI criteria for dissemination in space in the 

diagnosis of multiple sclerosis. Journal of the neurological sciences. 2008 Mar 

15;266(1-2):34-7. PubMed PMID: 17884100. Epub 2007/09/22. eng. 

222   Gorecki GA. Occupational epidemiology: the methods of research investigation. 

Journal of the American Podiatry Association. 1976 May;66(5):293-301. PubMed 

PMID: 1254900. Epub 1976/05/01. eng. 

223   Pearce N, Checkoway H, Kriebel D. Bias in occupational epidemiology studies. 

Occupational and environmental medicine. 2007 Aug;64(8):562-8. PubMed PMID: 

17053019. Pubmed Central PMCID: Pmc2078501. Epub 2006/10/21. eng. 

224   Ebers GC. Prognostic factors for multiple sclerosis: the importance of natural 

history studies. Journal of neurology. 2005 Sep;252 Suppl 3:iii15-iii20. PubMed PMID: 

16170495. Epub 2005/09/20. eng. 

225   Gold R, Comi G, Palace J, Siever A, Gottschalk R, Bijarnia M, et al. Assessment 

of cardiac safety during fingolimod treatment initiation in a real-world relapsing 

multiple sclerosis population: a phase 3b, open-label study. Journal of neurology. 2014 

Feb;261(2):267-76. PubMed PMID: 24221641. Pubmed Central PMCID: 

Pmc3915082. Epub 2013/11/14. eng. 

226   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. 

Multiple sclerosis. 2013 Sep;19(10):1323-9. PubMed PMID: 23549432. Epub 

2013/04/04. eng. 

227   Yacoub S, Griffiths A, Chau TT, Simmons CP, Wills B, Hien TT, et al. Cardiac 

function in Vietnamese patients with different dengue severity grades. Critical care 

medicine. 2011 Sep 22. PubMed PMID: 21946658. Epub 2011/09/29. Eng. 

228   McNamee R. Efficiency of two-phase designs for prevalence estimation. 

International journal of epidemiology. 2003 Dec;32(6):1072-8. PubMed PMID: 

14681277. Epub 2003/12/19. eng. 

229   Zaccai JH. How to assess epidemiological studies. Postgraduate Medical Journal. 

2004 March 1, 2004;80(941):140-7. 



 

72 

230   McNamee R. Regression modelling and other methods to control confounding. 

Occupational and environmental medicine. 2005 Jul;62(7):500-6, 472. PubMed PMID: 

15961628. Pubmed Central PMCID: 1741049. 

231   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 : a journal of neurology. 2013 Jul;136(Pt 7):2298-304. PubMed 

PMID: 23757766. Pubmed Central PMCID: 3692034. 

232   Montgomery SM, Bahmanyar S, Hillert J, Ekbom A, Olsson T. Maternal smoking 

during pregnancy and multiple sclerosis amongst offspring. European journal of 

neurology : the official journal of the European Federation of Neurological Societies. 

2008 Dec;15(12):1395-9. PubMed PMID: 19049560. Epub 2008/12/04. eng. 

233   Bahmanyar S, Montgomery SM, Weiss RJ, Ekbom A. Maternal smoking during 

pregnancy, other prenatal and perinatal factors, and the risk of Legg-Calve-Perthes 

disease. Pediatrics. 2008 Aug;122(2):e459-64. PubMed PMID: 18625663. Epub 

2008/07/16. eng. 

234   Sundstrom P, Nystrom L, Hallmans G. Smoke exposure increases the risk for 

multiple sclerosis. European journal of neurology : the official journal of the European 

Federation of Neurological Societies. 2008 Jun;15(6):579-83. PubMed PMID: 

18474075. Epub 2008/05/14. eng. 

235   Jafari N, Hoppenbrouwers IA, Hop WC, Breteler MM, Hintzen RQ. Cigarette 

smoking and risk of MS in multiplex families. Multiple sclerosis. 2009 

Nov;15(11):1363-7. PubMed PMID: 19825892. Epub 2009/10/15. eng. 

236   Barnett MH, Parratt JD, Pollard JD, Prineas JW. MS: is it one disease? 

International MS journal / MS Forum. 2009 Jun;16(2):57-65. PubMed PMID: 

19671369. Epub 2009/08/13. eng. 

 



 

  73 

 

 

 

Appendix 1: Disease groups and corresponding ICD codes 

Diseases  ICD-10 ICD-9 ICD-8 

Rheumatic heart diseases  I00-I09 390-398 390-398 

Hypertensive diseases  
I10-I15 401-405 400-404 

Essential hypertension  
I10 401 401 

Ischaemic heart diseases  
I20-I25 410-414 410-414 

Angina Pectoris I20 413 413 

Acute myocardial infarction  I21, I22 410 410 

Other acute ischaemic diseases I24 411 411 

Certain current complications following ST elevation 

(STEMI) and non-ST elevation (NSTEMI)  

I23 429 422,97, 422,99, 4210, 

4219 

Chronic ischaemic heart disease I25 414 412 

Pulmonary heart disease and diseases of pulmonary 

circulation  

I26-I28 415-417 426, 450 

Other type of pulmonary heart disease and diseases of 

pulmonary circulation (pulmonary embolism excluded)  

I27-I28 416-417 426 

Pulmonary embolism  I26 415 450, 673 

Other forms of heart disease  I30-I52 420-429 420-429 (exc. 426) 

Atrial fibrillation  I480-I482, I489 427D 427.92-3 

Heart failure I50 428 427.00, 427.10, 428.99 

Cerebrovascular diseases  I60-I69 430-438 430-438 

     Stroke  I60-I64 430-434 430-431 

Ischemic Stroke  I63-I64 433-434 433-434 

   Cerebral infarction  I63 433 433 

Other type of cerebrovascular diseases (stroke excluded) I65-I69 433-438 432-438 

Diseases of arteries, arterioles and capillaries  
I70-I79 440-448 440-448 
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Other disorders of the circulatory system, inclusive lymph 

circulation 

I80-I99 451-459 451-459 

Diseases of veins, lymphatic vessels and lymph nodes, not 

elsewhere classified  

I80-I89 451-458 451-458 

Deep Vein Thrombosis (all extremity) I80 451 451 

Haemorrhoids  I84 455 455 

Multiple Sclerosis G35 34.0 34.0 

Where specific CVD diagnoses generated fewer than 50 events, the results for such rare 

outcomes are not presented. The following diagnoses generated fewer than 50 events and the 

results are not presented: rheumatic heart disease, post thrombotic syndrome, sexual organ 

varicose veins, oesophageal varicose veins, varicose veins of lower extremities, portal vein 

thrombosis, truncal vein thrombosis and other less common diagnoses. 
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Appendix 2: The following ICD-codes have been used to identify cancer 

diagnosis used in the analysis. 

Type of cancer ICD-7 

Digestive cancer  (150–159) 

Respiratory cancer  (160–164) 

Breast cancer  (170) 

Female genital cancer  (17, 172, 175) 

Male genital cancer (177, 178) 

Kidney cancer  (180) 

Urinary organ cancer ex. kidney  (181) 

Endocrine cancer  (194, 195) 

Bone & Connective tissue cancer  (196, 197) 

Blood cancer  (200–202, 203, 205) 

Skin cancer  (190, 191) 

Eye, Nose, middle ear cancer  (160, 192) 

 

 


