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Summary 

MS is an immune mediated, demyelinating disease of the central nervous system. The 

disease is multifactorial, and it is believed that both genetic and environmental factors 

matter in the development of the disease. Our assignment is part of an ongoing study of MS 

and environmental risk factors done at Oslo University Hospital, based on a questionnaire 

where the participants among other issues were asked about smoking habits, exposure to 

passive smoking and snuffing habits throughout their current lifespan.  

The data in the patient group was adjusted to correspond to the time of disease onset. A 

total of 1374 persons were included in the study; 455 patients from Oslo MS Registry and 

919 controls from The Norwegian Bone Marrow Donation Registry. We investigated tobacco 

as a risk factor for developing MS by comparing active and passive smoking and snuffing 

habits among the MS patients compared to the controls. Hedström et al. did a similar study 

in Sweden in 2009, and we have compared our results with their data.  

We found no significantly elevated risk for developing MS for those who had been exposed 

to tobacco through snuffing or passive smoking nor for ex-smokers, but an elevated risk for 

current smokers. While the risk seemed to be elevated with the first 1-5 pack years of 

smoking, we found no significantly elevated risk for higher amounts of pack years. Sources of 

error such as selection bias, recall bias and errors due to adjusting of data in the patient 

group to match that at the onset of the disease may have influenced the results.



3 

 

Contents 

Preface ........................................................................................................................................ 5 

Introduction ................................................................................................................................ 6 

Pathogenesis ........................................................................................................................... 6 

Clinical aspects ........................................................................................................................ 6 

Diagnostic tools ...................................................................................................................... 7 

Treatment and prognosis ....................................................................................................... 7 

Genetics .................................................................................................................................. 7 

Distribution ............................................................................................................................. 8 

Vulnerable age hypothesis ..................................................................................................... 8 

Environmental factors ................................................................................................................ 8 

Vitamin D ................................................................................................................................ 8 

Epstein - Barr virus .................................................................................................................. 9 

Smoking ................................................................................................................................ 10 

Passive smoking .................................................................................................................... 11 

Snuff ...................................................................................................................................... 11 

Methods ................................................................................................................................... 12 

Results ...................................................................................................................................... 14 

General characteristics ......................................................................................................... 14 

Smoking ................................................................................................................................ 15 

Passive smoking .................................................................................................................... 16 

Snuff ...................................................................................................................................... 17 

Comparison with Swedish study .......................................................................................... 17 

Discussion ................................................................................................................................. 17 

Conclusion ................................................................................................................................ 19 



4 

 

Reference list ............................................................................................................................ 20 

Attachments ............................................................................................................................. 24 

Questionnaire (original Norwegian version) ........................................................................ 25 

Questionnaire (English translation) ...................................................................................... 40 

  

 

  



5 

 

Preface 

This medical student thesis was carried out in 2011-2012 as a mandatory part of the medical 

studies at the Faculty of Medicine, University of Oslo. As we find neurology interesting and 

wished to learn more about how a clinical study is conducted, we chose to join this study 

which is part of a bigger project at Oslo University Hospital. We wish to thank our 

supervisors Hanne F. Harbo, Elisabeth G. Celius and Marte W. Gustavsen for good support 

and guidance while working with the assignment.  
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Introduction 

Multiple sclerosis is an immune mediated, demyelinating disease of the central nervous 

system (CNS). Norway is a country with a relatively high prevalence of the disease, with 

approximately 150 cases per 100 000 citizens. (1) About twice as many women as men are 

affected. (2) Age at onset of the disease is usually in the early 30s. (3)  

The disease is multifactorial, and it is believed that both genetic and environmental factors 

matter in the development of the disease. (4;5) MS has been studied for more than a 

hundred years, and one is still unsure about the cause of the disease.  

Pathogenesis 

The pathogenesis of MS is still only partly known. It is believed to be an autoimmune disease 

(6), and response to immune modulatory drugs is seen when treating MS patients. One of 

many theories suggests that the disease begins with an increased migration of autoreactive 

lymphocytes across the blood-brain-barrier (BBB). (7) 

MS may have two forms of presentation, and symptoms are caused both due to 

inflammation and degeneration in the CNS tissue. The inflammation is local but can be 

disseminated in all parts of the CNS, develops in subacute attacks and is often recurrent 

(relapsing remitting). Degeneration of the CNS tissue is diffuse and can appear early and lead 

to chronic and progressive symptoms. 

The inflammation affects the myelin surrounding most of the neurons in the CNS. After 

several relapses of inflammation, the myelin is no longer capable of regeneration and there 

is a chronic damage and axonal loss in that specific area. Relapses of the inflammatory 

component are the main causes of the irreversible damages seen in MS. (8) 

Clinical aspects 

The clinical symptoms of MS can appear from any parts of the CNS. Examples are numbness 

or other sensory symptoms, spasticity, double vision, paresis, ataxia and bladder control 

problems. (3)  

MS is usually divided into two groups: Primary progressive MS (PP-MS) and relapsing 

remitting MS (RR-MS). The majority of the persons with RR-MS will eventually develop 

secondary progressive MS (SP-MS). RR-MS is characterized by several episodic relapses with 

symptoms and neurological deficits from different parts of the CNS. It occurs during a short 

period of time and may resolve over days to weeks (9), in contrast to the patients with PP-

MS and SP-MS in which the symptoms gradually progress.  A Norwegian cohort study 

initiated in 2006 showed this distribution: RR-MS was seen in 73.6% and PP-MS in 24.1%. 

(The initial disease could not be defined in 0.02% of the patients.) (9) 
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Diagnostic tools 

Diagnosis is made clinically, after the patient has experienced symptoms and neurological 

deficits at two or more independent occasions from different parts of the body. In addition a 

thorough medical history, a complete neurological examination, an investigation of the 

cerebrospinal fluid (CSF) and magnetic resonance imaging (MRI) of the brain are done. The 

MRI pictures usually show plaques consistent with demyelination and gliosis. The 

characteristic picture is loss of myelin, gliosis, a variable degree of axonal damage correlating 

to neurological dysfunction. (10)  

The CSF usually displays a moderate pleocytosis and increased intrathecal immunoglobulin 

G. Approximately 95% of MS-patients have increased CSF serum IgG ratio and/or oligoclonal 

bonds. (11) 

Treatment and prognosis 

An MS relapse is treated with corticosteroids in the acute phase. If a patient has an active 

relapsing remitting disease, immunomodulatory treatment is recommended. Apart from this 

most of the treatment is symptomatic. (11)  

MS is not generally a fatal disease, and most people live normal or near-normal lives. The 

causes of death are mainly the same as in the general population (mainly heart disease and 

cancer). However, having the condition can be tough, and the suicide rates among MS 

patients are higher than average. About 20% of patients remain asymptomatic or only 

experience one or two light episodes with mild symptoms. Another 20% will develop a 

rapidly progressive MS. The remaining 60% will have some disease progression. (12)  

The following factors have by multivariate regression analysis been found to be associated 

with longer survival in patients with MS: Age under 30 years when developing the primary 

symptoms, initial symptoms affecting brainstem/cerebellar functions in comparison with 

motor skills, and being diagnosed with RR-MS rather than PP-MS. (9) 

Genetics 

There is no increased prevalence of MS in partners of patients with MS, but the risk of 

developing the disease is higher in offspring of two parents with MS than if only one of the 

parents has the disease.  (13-15) 

The risk of developing MS increases from approximately 0.015 in the general Norwegian 

population to around 2-3% if someone closely related (e.g. siblings, parents, children) has 

MS. (7) 

The risk of developing the disease in half-siblings of MS patients is approximately half the 

risk of the one seen in siblings, independent of whether they are raised together or 

separately. (16) There is no increased risk in step siblings, who are not genetically related. 
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These data suggest that living together with someone who has MS or will develop MS in the 

future has little or no influence unless one is genetically related to them, and then the risk 

will increase according to the family relation with the patient. (17)  

The risk is reduced from approximately 3% in first-degree relatives (siblings 5%, parents and 

children 2%) to 1% in second-/third-degree relatives. (7) A study done in the UK and Canada 

among twins where one of them had MS showed a higher concordance among monozygotic 

compared to dizygotic twins (concordance 25% vs. 5%). (18;19) 

The association between MS and MHC-alleles was identified in the early 70s. (20) The HLA-

DRB1 locus has been found to be the major genetic risk factor for developing MS, but 

recently more than 50 other MS risk loci have also been identified. (21;22) 

Distribution 

Some studies have found an increasing prevalence of MS with increasing distance north and 

south from equator. Migration studies supporting this finding have found migration from 

high- to low-risk regions during childhood to be associated with decreased risk of developing 

MS and in reverse, thus supporting a theory of exposure to certain environmental factors 

during childhood contributing to the risk of developing MS. (23) Other studies do not find 

such an association between age at migration and MS. (24;25) 

Vulnerable age hypothesis 

An interesting but controversial theory published in 1995 by Kurtzke et al claims that the 

cause of MS is an asymptomatic primary infection only affecting a few of those exposed. It 

was based on data gathered on the Faroe Islands, which showed that the incidence of MS 

among the inhabitants after 1943 was increasing from values close to zero after an 

increasing contact with foreigners on the islands due to World War 2, but only in the 

inhabitants aged 11-45 at the time of exposure. (26) 

Environmental factors 

Many different environmental factors have been suggested as risk factors for developing 

MS. There are indications that among other factors, smoking, low levels of vitamin D and 

infection with Epstein Barr virus may contribute to the risk of developing MS.  

Vitamin D 

Vitamin D has several functions in the body, the most well known being its regulatory effects 

on phosphate and calcium concentrations in blood and extracellular fluid. Therefore, vitamin 

D deficiency traditionally has been linked to affection of the skeleton, mainly rickets in 

children and osteomalacia in adults. (27;28) Over the last years, however, there has been 

found evidence of other health issues influenced by vitamin D deficiency, among these 
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development of cardiovascular disease, diabetes mellitus, cancer, allergy, asthma, 

depression and multiple sclerosis. (28)  

The consumption of vitamin D in humans takes place through diet, dietary supplements and 

production in the skin. Production of vitamin D in the skin through exposure to sunlight is, 

for most people, the most important source of vitamin D. (29) It has long been known that 

dark-skinned are at a higher risk of developing low levels of vitamin D than fair-skinned 

(30;31), which can be explained in different ways. Several studies have found that they need 

higher doses of ultraviolet radiation to produce the same amount of vitamin D as fair-

skinned (32), while others do not find this connection between skin pigmentation and 

vitamin D production. (33) There are few groceries that naturally contain vitamin D, and the 

ones that do have a very variable vitamin D-content. (34) The most important source of 

vitamin D in the Norwegian diet is fatty fish and vitamin-enriched margarine, in addition to 

one vitamin D-enriched milk type and an oil. (27) 

There has for a long time been speculated on the impact of vitamin D on the risk of 

developing MS. Several facts indicate a connection, among others the following: The 

prevalence of MS is lowest around equator, increasing with latitude on both the northern 

and southern hemisphere. (35-37) Some studies have found the prevalence of MS in 

migrants to lie in between that of their birthplace and that of their place of residence, and 

when migration takes place in childhood, the MS prevalence is closer to that of their place of 

residence than when migration takes place later in life. (38) These findings can be explained 

by decreasing amounts of UVB with increasing distance from equator, leading to a lower 

production of vitamin D in the population. 

There is a high prevalence of osteoporosis among MS patients, and a Norwegian study 

comparing bone mineral density between MS patients and controls found it to be reduced 

already early in the course of MS. This could be explained by a common etiology between 

the two conditions, supporting the theory of low vitamin D levels influencing the risk of 

developing MS. (39) 

Epstein - Barr virus 

Epstein-Barr virus (EBV), also known as human herpes virus 4, consists of a double stranded, 

linear DNA surrounded by a protein capsule. (40) EBV can be found in more than 90% of the 

world’s population, which makes it one of the most common viruses in human beings. The 

primary infection with EBV in children is usually asymptomatic, while infection later in life 

more often gives symptoms, for over 50% as infectious mononucleosis. The acute illness 

usually passes in a matter of weeks, but EBV remains in an inactive form in memory B-cells 

for the rest of the patient´s life. Later on, the virus can get periodically reactivated. (41) 

 

Multiple studies have shown a relation between infection with EBV and development of MS. 
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Among other things, there has been found elevated titres of EBV-antibodies in MS patients 

compared with healthy controls. (42;43) One study found seropositivity of EBV in 99.9% of 

MS-patients, compared to 94.2% in the control group. (44) Similar results have been found in 

other studies. EBNA1 (Epstein-Barr nuclear antigen 1)-specific CD4+ memory T-cells that are 

an important part of the body´s defence mechanism towards EBV, have been found to be 

present in larger quantities in MS-patients compared to healthy carriers of the virus. (41) 

There has also been observed increased numbers of CD8+ T-cells against EBV among 

patients in early stadiums of MS. (45) If these results are caused by an elevated risk of 

developing MS after an infection with EBV or if they are due to an increased tendency of 

viral reactivation in patients with MS is being discussed. MS and infectious mononucleosis 

show the same distribution globally, with prevalence increasing with distance from equator. 

(41) A meta-analysis of earlier publications of cohort and case–control studies on infectious 

mononucleosis and MS found a combined relative risk of 2.3 for developing MS after 

exposure to mononucleosis. (46) The same discovery was found in a Danish study, where the 

risk of developing MS was shown to remain elevated for 30 years after the infection. (44) 

Isolation of EBV or other microbes from the MS brain has so far been unsuccessful, and 

thereby it is supposed that MS is not caused by infection of nerve cells. (47) There has been 

found a cross-activation between EBV-specific antigens and myelin proteins in the CNS 

(molecular mimicry), which can point in the direction of an autoimmune mechanism in the 

development of MS. (48;49) 

Smoking 

In the Norwegian population, 17% smoke on a daily basis, and there are many more that 

smoke occasionally. (50) Differences in Norwegian smoking habits related to sex and age are 

demonstrated by the Central Bureau of Statistics in Norway (SSB). Results from 2011 show 

that the percentage of smokers (daily and occasional) in the Norwegian male population 

varies between 27-34% in the age group of 16-64 years. The prevalence is reduced to 18% 

after 65 years of age. In the female population, the prevalence of people smoking varies 

between 19 and 35%, being lowest in the group above 65 years and highest in the group 

between 45 and 54 years of age.  

Smoking affects our health in many different ways, and increases the risk of developing 

heart or lung disease, infections and cancer. (51) Smoking is also associated with increased 

risk of developing autoimmune diseases like MS, rheumatoid factor positive rheumatoid 

arthritis, systemic lupus erythematosus, autoimmune disease of the thyroid, and optic 

neuropathy. (52-54) Several studies have seen a connection between smoking and MS. 

(55;56) 
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Smoking also increases the frequency and the duration of several airway infections. This may 

be relevant in MS because infections are an important factor in the etiology of MS, even 

though specific causes have not yet been identified. (53) 

A study from 2005 (57) concludes that smoking probably is associated with a deterioration of 

the disease. This study showed that the risk of developing SP-MS among RR-MS patients was 

three times higher for smoking patients than for non-smoking patients. Kock et al (2007), on 

the other hand, concluded that there was no correlation between smoking and deterioration 

of the disease. (58)  

Nicotine and other substances in cigarette smoke affect the blood-brain-barrier (BBB), blood 

circulation in the brain and signaling pathways of the CNS. One of the hypothesis concerning 

the etiology is the crossing of lymphocytes over the BBB. One theory suggests that the 

nicotine, and possibly other substances, influence the BBB in a way making it easier for 

substances to cross over to the brain and the CSF and cause damage. (59) 

Passive smoking 

There have not yet been done many studies concerning the relation between passive 

smoking and MS. In general it is believed that passive smoking, like active smoking, increases 

the risk of lung diseases and other diseases related to cigarette smoke. (60) A Swedish study 

by Hedström et al from 2011 found an increased risk of developing MS when previously 

exposed to passive smoke, and suggested that the irritation of the lungs could be a possible 

cause of the disease. (55) 

Snuff 

Snuff is a type of smokeless tobacco that is made from pulverized tobacco leaves. In the 

Norwegian population 8% snuff on a daily basis and even more snuff occasionally. The 

numbers are increasing in both sexes, mainly in the age group of 16-24 years. (50) The 

number of snuffers, both daily and occasional snuffers, in the male population varies 

between 3 and 41%, the prevalence being highest in the group between 16-24 years and 

then decreasing to 3% in the age group of 65 to 74 years. In the female population, the same 

pattern of age distribution is seen, the prevalence being highest in those aged 16 – 24 and 

then decreasing to 1% with higher age. (61) 

Snuff contains more than 2500 chemical substances, among them nicotine. The amount of 

nicotine ingested depends on the type of snuff and the duration of which the snuff stays in 

one's mouth. (62) 

Many people switch from smoking to snuffing because they believe that there is a lesser risk 

of developing nicotine-related diseases when snuffing compared to smoking. Use of snuff 

leads to exposure to similar or higher doses of nicotine than when smoking tobacco, but the 

exposure of nicotine to the airways is diminished. There has been seen an association 
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between tobacco smoking and the risk of inflammatory diseases like MS in many studies 

done previously, but impacts of smokeless tobacco have not yet been fully investigated. A 

study done in Sweden in 2009, however, showed an increased risk of developing MS among 

smokers, and a decreased risk of developing MS among snuffers. (56) 

Methods 

Our study is part of an ongoing study of MS and environmental risk factors, done at Oslo 

University Hospital. Our work, which is a case-control 

study, studies tobacco as a risk factor for developing 

MS by comparing active and passive smoking and 

snuff habits in MS patients with those of the controls. 

Hedström et al. did similar studies in Sweden in 2009 

and 2011 (55;56), and we have compared our results 

with their study from 2009 when analyzing our own 

data.  To be able to compare the results, we used 

their study as a model when choosing definitions and 

subdivisions of our data.  

The present study is part of a larger standardized 

questionnaire with questions collected from other 

validated studies, among these the HUNT (Nord-

Trøndelag Health Study) and the GEMS study (Genes 

and Environment in Multiple Sclerosis). The questions 

used in this study are validated. The questionnaire 

was sent by mail to patients and controls after we 

had done a local validation by a test-retest including 

50 hospital employees. Some of the questions were 

changed after this in order to increase their reliability. 

The questionnaire was approved by The Norwegian 

Ethical Committee, and all the patients included in 

the study, gave written informed consent.  

The MS group consists of patients registered in The 

Oslo MS Registry. It includes people living mainly in 

Oslo. The healthy control group was chosen from The 

Norwegian Bone Marrow Donation Registry. These 

controls have available DNA-samples and HLA-data, which will be used in extensions of this 

study.  

The questionnaire was sent to 720 MS patients. 30 of these were returned unopened by the 

postal services, thus 690 patients received the questionnaire. 526 patients responded, 60 of 

Figure 1: Collection and processing of 
data 

Choosing a patient and a control group. 
↓ 

Collecting/validating questions invented and 
gathered from other studies. Making the 

Questionnaire (Q). 
↓ 

Test-retest of 50 hospital employees. 
↓ 

Approval by the Norwegian Ethical Committee. 
↓ 

Sending out the Q by mail. 
↓ 

Sending out a reminder. 
↓ 

Scanning and selection of relevant data. 
↓ 

Revising improbable data. Collecting missing data. 
↓ 

Calculating OR and 95% CI. 
↓ 

Comparing with Swedish study. Writing the 
assignment. 

Figure 2: Collection of data 
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these checked for not wishing to answer the questions. That leaves us with a response rate 

of 76.2%, and 67.5% completed the questionnaire. The questionnaire was sent to 1100 

controls, of which three were returned unopened by the postal services. Of the 1097 who 

received the questionnaire, 931 responded and 19 of these checked for not wishing to 

answer the questions. The response rate among the controls was therefore 84.9%, and 

83.1% completed the questionnaire.   

Three of the controls reported to have MS. They were excluded from the study. In cases 

where the questionnaire was not filled in correctly, but the meaning of the answer was clear 

(e.g. in cases where the participant had not checked for if they smoked or not, but filled in 

the years and amount of smoking in the next question), the missing part was corrected. 

Missing information on sex and age, in addition to all information on year of MS debut and 

type of MS, were gathered from a database based upon the patients’ journals. The rest of 

the answers with insufficient response were marked as invalid data. These were not included 

in the statistical analysis. In cases where parts of the questionnaire have been filled in 

correctly, only the answers considered as invalid data was removed from the analysis.  

The questionnaire covered a number of diseases and risk factors. Of these, we looked at the 

questions covering age, sex, highest level of education completed, MS status and age at 

onset of MS in addition to information concerning smoking habits, passive smoking and snuff 

use. The questionnaire separated cigars, cigarillos and pipes from cigarettes. To simplify the 

analyses, we chose to gather all these into one single group of tobacco use. In the question 

about education, the participants were asked to indicate which of the five listed levels of 

education that was the highest they had completed. In our work, we gathered these into 

two categories; those who had completed high school or less, and those who had a degree 

from college/university. 

The questionnaire investigated smoking and snuff use up to the current date. Since our main 

focus was the exposure before onset of disease in the patients, these data have been 

adjusted to correspond to the time of onset of MS. This was done by comparing the years of 

onset and quitting of smoking/snuffing with their debut year of MS. When not specifically 

indicated otherwise, the adjusted information was used when analyzing the patient data. 

In order to be able to compare the cumulative consumption of smoking and snuff use with 

the risk of developing MS, we used the collected data to calculate pack years. One pack year 

of smoking is defined as 20 cigarettes smoked per day for 1 year, while one pack year of 

snuff use is defined as consuming 1 packet of snuff daily for 1 year. 

The pack years for smoking and snuffing were divided into groups of 0, 1-5, 6-10, 11-15 and 

16 or more years, and the years of exposure to passive smoking was divided into the same 

pattern. The group of 0 pack years includes both the ones who never have been exposed, 

and the ones who have been exposed in too small values to reach one pack year. The results 



14 

 

were also divided into one group of those who never had been exposed, and another group 

of those who had been exposed at least once in their lives (including all the subdivisions of 

pack years/years of exposure). The smokers were also divided into current smokers and ex-

smokers, and the ex-smokers were subdivided into those who had stopped smoking 1-4 

years ago and those who had stopped smoking 5 years ago or more. Odds ratio (OR) and 

95% confidence interval (95% CI) were then calculated based upon these groups, comparing 

the risk of developing MS among tobacco exposed patients with that of the tobacco exposed 

controls (Tables 3-5).  

Results 

General characteristics 

Of the 1374 individuals included in our study, 455 were MS patients and 919 were controls. 

The patient group consisted of 117 (25.7%) men and 338 (74.3%) women. Of the controls, 

383 (41.7%) were men and 536 (58.3%) women. The mean age at the time of filling in the 

questionnaire was 52.7 for the patients and 43.9 for the controls. The mean age at onset of 

MS for the patients was 32.2. Of the patients, 279 (61.3%) had a degree from college or 

university. The corresponding number for the controls was 568 (61.8%). (Table 1)  

Table 1: Distribution of gender, age and education   

    Patients   Controls   

    n=  % n= % 

  
 

  
  

  

Gender 
 

  
  

  

  Men 117 25.7% 383 41.7% 

  Women 338 74.3% 536 58.3% 

  
 

  
  

  

Age  
 

  
  

  

  20-39 years 68 14.9% 268 29.2% 

  40-49 years  122 26.8% 433 47.1% 

  50-59 years  130 28.6% 213 23.2% 

  ≥ 60 years 135 29.7% 5 0.5% 

  
 

  
  

  

Education   
  

  

  High school or less 173 38.3% 338 37.3% 

  College or more 279 61.7% 568 62.7% 

The ones diagnosed with relapsing remitting or secondary progressive MS made up 398 

(88.2%) of the patients, of which 92 (23.1%) were men and 306 (76.9%) women. Of the 

remaining patients, 53 (11.8%) had the diagnosis primary progressive MS, including 25 

(47.2%) men and 28 (52.8%) women. (Table 2) 

  



15 

 

Table 2: MS           

    RR/SP   PP   

    n=  % n= % 

  
 

  
  

  

Type of MS 
 

  
  

  

  Men 92 23.1% 25 47.2% 

  Women 306 76.9% 28 52.8% 

  Total 398 
 

53   

  
 

  
  

  

Age at MS onset   
  

  

  0-29 years 195 49.0% 13 24.5% 

  30-39 years 130 32.7% 14 26.4% 

  40-49 years 63 15.8% 14 26.4% 

  ≥50 years 10 2.5% 12 22.6% 

 

 

 

 

 

 

 

 

Smoking 

Compared to never-smokers, ever-smokers had a risk of 2.8 (1.2-2.0) for developing MS.  The 

result for the current smokers was 5.7 (1.6-2.8), while it was 0.8 (0.6-1.3) for ex-smokers. 

When dividing the ex-smokers into groups of those who had stopped smoking 1-4 years ago 

and those who had stopped smoking 5 years ago or more, there seemed to be a slightly 

increased correlation to the development of MS in the first group, but those data were 

nonsignificant. The risk of developing MS rised to 3.3 (1.2-2.3) with the first 1-5 pack years of 

smoking, while the data for higher number of pack years did not show any significant 

differences compared to zero pack years. (Table 3) 

  

Figure 3: Years since onset of MS in the 

patient group 
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Table 3: Smoking             

    Patients   Controls OR 95% CI 

    n=  % n= %     

  
 

  
    

  

Smoking habits   
    

  

  Never-smokers 103 23.0% 414 45.6% 1.0 - 

  Ever-smokers 345 77.0% 493 54.4% 2.8 1.2-2.0 

  
 

  
    

  

Ever-smokers   
    

  

  Ex-smokers 60 17.4% 292 59.2% 0.8 0.6-1.3 

  Current smokers 285 82.6% 201 40.8% 5.7 1.6-2.8 

  
 

  
    

  

Years since smoking cessation   
    

  

  1-4 years 25 47.2% 65 22.7% 1.5 0.7-2.0 

  5 years or more 28 52.8% 221 77.3% 0.5 0.5-1.2 

  
 

  
    

  

Pack years smoking   
    

  

  0 years 154 37.3% 474 53.8% 1.0 - 

  1-5 years 99 24.0% 93 10.6% 3.3 1.2-2.3 

  6-10 years 66 16.0% 83 9.4% 2.4 1.0-2.1 

  11-15 years 52 12.6% 76 8.6% 2.1 0.9-2.1 

  ≥16 years 42 10.2% 155 17.6% 0.8 0.6-1.4 

Passive smoking 

The risk of developing MS for those who had been exposed to passive smoking at home was 

1.1 (0.8-1.4), which was not significantly different from those who never had been exposed 

to passive smoking. (Table 4) 

Table 4: Passive smoking             

    Patients   Controls   OR 95% CI 

    n=  % n= %     

  
 

  
    

  

Exposure to passive smoking   
    

  

  No 115 25.3% 253 28.0% 1.0 - 

  Yes 339 74.7% 652 72.0% 1.1 0.8-1.4 

  
 

  
    

  

  
 

  
    

  

Years of exposure   
    

  

  0 years 152 33.9% 257 28.5% 1.0 - 

  1-5 years 38 8.5% 46 5.1% 1.4 0.7-1.9 

  6-10 years 32 7.1% 63 7.0% 0.9 0.6-1.5 

  11-15 years 38 8.5% 65 7.2% 1.0 0.6-1.6 

  ≥16 years 188 42.0% 471 52.2% 0.7 0.6-1.1 
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Snuff 

The group of ever-snuffers was made up of 39 (8.6%) patients and 141 (15.3%) controls, and 

the ever-smokers of 345 (75.8%) of the patients and 493 (53.6%) of the controls.  Among the 

passive smokers, 339 (74.5%) of the patients and 652 (70.9%) of the controls had been 

exposed to passive smoking at home. (Tables 3-5) 

We found an OR of 0.5 (95% CI: 0.5-1.1) for ever-snuffers compared to those who never had 

used snuff (Table 5), and therefore no correlation between the use of snuff and 

development of MS. 

Table 5: Snuff             

    Patients   Controls   OR 95% CI 

    n=  % n= %     

  
 

  
    

  
Snuff 
use 

 
  

    
  

  Never-snuffers 412 91.4% 766 84.5% 1.0 - 

  Ever-snuffers 39 8.6% 141 15.5% 0.5 0.5-1.1 

  
 

  
    

  

Pack years snuff   
    

  

  0 years 429 98.8% 800 93.8% 1.0 - 

  1-5 years 5 1.2% 39 4.6% 0.2 0.2-1.4 

  ≥ 6 years 0 0.0% 14 1.6% 0.0 - 

Comparison with Swedish study 

Hedström et al (56) found an elevated risk of developing MS among current smokers (OR 

1.4, 95% CI 1.1-1.8) and ever-smokers (OR 1.5, 95% CI 1.3-1.8). Among ex-smokers they 

found the risk to be increased for the first 5 years after smoking cessation (OR 1.5, 95% CI 

1.1-1.2). They also found snuff to be a possible protective factor for the development of MS, 

both when comparing pack years of snuff with zero pack years among never-smokers (1-5 

pack years; OR 0.4, 95% CI 0.01-13, over 5 pack years; OR 0.4, 95% CI 0.01-18) and among 

ever-smokers (1-5 pack years; OR 0.5, 95% CI 0.2-1.3, over 5 pack years; OR 0.3, 95% CI 0.1-

0.9). In accordance with their data we found an elevated risk of developing MS among 

current smokers, but we found no increased incidence of MS in ex-smokers nor any 

correlation between MS and snuffing. 

 

Discussion 

According to our observations there was an increased risk of developing MS in smokers, but 

we found no significantly elevated risk in those who had stopped smoking. Our study did not 

find any correlation between neither passive smoking, nor the use of snuff, and MS. 
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As mentioned earlier, our finding of an increased risk of developing MS in current smokers is 

consistent with the results of Hedström et al. (56) They also found an increased risk of 

developing MS for the first 5 years after smoking cessation (OR 1.4, 95% CI 1.0-1.6), while we 

did not find this risk to be elevated in any of the ex-smokers. In accordance with their 

results, we also found an increased risk of developing MS for the first 1-5 pack years of 

smoking, but for higher values of pack years our data were inconclusive. Hedström et al 

found the risk to increase slightly with number of pack years. While Hedström et al found 

snuff to be a possible protecting factor for developing MS, we found no connection between 

the two. Our data may differ from theirs due to different factors, for instance our 

comparatively lower number of patients and controls or one or more of the sources of error 

discussed below. 

Since data in the patient group was adjusted to correspond to the time of onset of MS, 

lifestyle information gathered through the questionnaire may reflect habits the patients had 

up to several decades ago. (Figure 3) While the number of daily smokers in the Norwegian 

population has been reduced by almost 50% over the last 15 years, the incidence of snuffers 

is increasing. This change in tobacco intake over time could contribute to the apparent 

differences in smoking and snuffing habits between the patients and the controls in our 

work. The  time lag between the two groups could also explain the three times higher 

prevalence of ex-smokers among the controls than among the patients, and the number of 

people who quit smoking less than 5 years ago being highest among the patients. (Table 3) 

Although the patient group is somewhat older than the control group at the time of filling in 

the questionnaire (Table 1), the patients in general were younger than the controls are now 

when they were diagnosed with MS (Table 2). The overrepresentation of males in the 

control group compared to the patient group could also contribute to the discussed 

differences. The age difference and the overrepresentation of males in the control compared 

to the patient group could also contribute to the discussed differences. Snuff use is 

increasing more among younger than older individuals, and more males than females snuff 

in the general population. (50) 

Although the education level seemed to be the same in the two groups, a significantly 

smaller number of controls than patients stated to be ever-smokers, while the rate of 

snuffing was highest among the controls. The controls were chosen from a bone marrow 

registry, and it therefore is likely that they in general are healthy individuals, and may be 

more concerned with lifestyle factors than the rest of the population. In addition, we got 

feedback from caregivers of some of the MS patients with the message that due to cognitive 

impairment caused by the disease, those patients were not able to answer the 

questionnaire. This is reflected by a somewhat lower response rate, and a lower number of 

completed questionnaires among the responders in the patient group. 
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Since most of the questions were answered in retrospect, we cannot exclude the risk of a 

recall bias. Being asked about everyday habits decades ago, naturally gives some degree of 

uncertainty in the answers, probably in both our trial groups. The mean age difference of 

almost nine years between the patients and the controls when filling in the questionnaire, in 

addition to a possible reduced cognitive function in the patients due to the disease, could 

lead to a higher degree of uncertainty in the answers of the patients than those of the 

controls. On the other hand, people diagnosed with a chronic disease naturally focus more 

on possible risk factors, which may lead to more thought through answers among the 

patients. 

By using validated questions, we tried to ensure a best possible quality of the questionnaire. 

However, when going through the answers, it was clear that some of the questions had been 

badly interpreted. By checking all unlikely values, and excluding the ones clearly 

misunderstood, we tried to diminish this source of error. As the questionnaire included 

fourteen pages, while the questions used in our study only made up four of these, it is 

understandable that only a limited amount of time has been used answering each question, 

this being a possible source of error.  

Conclusion 

Smoking seems to increase the risk of developing MS. Our results showed a marked 

increased risk of developing MS within the first 5 pack years, but thereafter no significantly 

elevated risk with higher quantities of smoking. This differs from results in other studies, 

among them the Swedish study discussed earlier, which found an elevated risk of developing 

MS also for higher numbers of pack years. For those who had ceased smoking, we found the 

same risk of developing MS as in the general population. We found snuff and passive 

smoking neither to increase nor decrease the risk of developing MS, and we believe that 

further and more detailed studies will have to be conducted in order to investigate their 

possible influence on the risk of developing MS. Our results must be considered in the light 

of the discussed time lag between the patient and the control group due to adjustments of 

patient data done to match the timing of onset of the disease. 
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