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Abstract 

The etiology of multiple sclerosis (MS) may involve exposure to infectious, chemical or physical 

agents damaging the blood-brain barrier and an autoimmune reaction against myelin breakdown 

products. Here we report a pooled analysis of 174 MS cases and 815 population controls from two 

case-control studies with regard to such a potentially damaging exposure, namely X-ray 

examinations, radiological work and treatment with ionizing radiation. Exposure was assessed by 

mailed questionnaires to the subjects. We obtained odds ratios of 4.4 (95% confidence interval, CI, 

1.6-11.6) and 1.8 (95% CI 1.2-2.6) for radiological work and  X-ray examinations, respectively; 

five cases but no control in one of the studies had been treated with ionizing radiation. Our data and 

some other observations reported in the literature suggest a contributory role for ionizing radiation to 

the development of MS in some cases. 
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The etiology of multiple sclerosis (MS) is unclear, but is thought to involve environmental as well as 

genetic factors [1, 2]. A tendency for cases to cluster [3] may indicate an infectious mechanism, and 

particularly measles, Epstein Barr, and canine distemper viruses have been discussed as possibly 

responsible agents [4 - 7]. Animal contacts, particularly to dogs, have appeared as risk factors in 

epidemiological studies [8]. The pathogenic mechanism of MS seems to involve a damage to the 

blood-brain barrier and an autoimmune reaction against myelin breakdown products. Such damage 

may result also from various physical or chemical exposures, such as mild trauma, electrical injury, 

organic solvents and other agents; genetic factors are probably involved as well [9,10]. 

 

We considered various occupational and environmental exposures in two case-control studies 

[11,12] and focused primarily on solvent exposure as also indicated to play a role in several other 

studies [13]. Here we wish to display also some other data from these studies and to hypothesize a 

possible etiologic role of ionizing radiation. This novel epidemiologic approach to an exposure that 

might be relevant for the development of MS requires a combination of the two studies to obtain a 

reasonably large number of exposed subjects for an evaluation.  

 

 

Subjects and Methods  

The first of our two studies [11] included cases of MS in ages 20 - 65 years diagnosed in the two 

largest hospitals in south-central Sweden in 1981 -1985, that is, the cases occurring in the two 

counties covered by these hospitals.  Sweden has a continuously updated population register, and 

controls were randomly drawn from this register of the population in these two counties from where 

the cases were obtained. Exposure was assessed for cases and controls by means of a mailed nine-



 4 

page questionnaire providing information about occupation with further details regarding specific 

exposures to certain agents at work places as well as contacts with animals. Medical care was also 

considered, especially X-ray treatment or examinations, along with the use of drugs. No clear 

information was given as to the specific purpose of the study, only that we were interested in various 

exposures and diseases. We obtained a response from 83 cases (response rate 89 per cent) and 

467 controls (response rate 80 per cent) in these two counties.  

 

Our second study [12] was very similar in design and included 91 responding cases (response rate 

94 per cent) diagnosed in ages 20 - 61 years during 1983 - 1988 at the main hospitals in two 

counties in southeast Sweden. Correspondingly in age, 348 population controls responded (response 

rate 87 per cent) as randomly drawn from the register of the population in the counties from which 

the cases were derived. A very similar questionnaire to that used in the first study was mailed to the 

cases and controls for obtaining information about exposure. In both studies the cases and controls 

themselves answered the questionnaires and no proxy responders were involved. Further details 

regarding design issues may be found in the earlier reports of these studies [11,12]. The data 

presented here are supplied from the original files and, in part, also retrievable from the published 

studies. 

 

 

Results 

Table 1 shows the distribution of the cases and controls with regard to radiological work exposure 

either in hospitals or in the context of technical X-raying in industry. It may be noted from the table 

that the frequency of radiological work exposure among the controls appears as rather high (12 
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subjects out of 815 or 1.5%) based on general impressions of how common such work might be. It 

is unlikely, therefore, that an underestimation of the exposure frequency among the controls would 

explain the elevated Mantel-Haenszel odds ratio of 4.4 (95% confidence interval 1.6-11.6) obtained 

for radiological work exposure.  

 

Table 2 shows the distribution of cases and controls with regard to X-ray examinations in the two 

studies. Dental X-ray or occasional other low dose examinations were included in the unexposed 

category, as estimated to have delivered a dose of less than 1 mGy to the red bone marrow [14]; the 

red bone marrow dose is referred to in lack of estimates for nervous tissue. A consequence of 

including the low dose exposures in the unexposed category would be that the Mantel-Haenszel 

odds ratio of 1.8  (95% confidence interval 1.2-2.6) is likely to be somewhat conservative.  

 

 

Discussion 

The results obtained in these further analyses of our two studies on MS are quite consistent, as both 

occupational and diagnostic exposure to ionizing radiation appears to be associated with this disease. 

The analyses of the data in the two tables may seem somewhat crude, however, not adjusting for 

potential confounding factors other than gender and study. The latter is a proxy for geographical 

area. Some uncontrolled confounding effects may persist, but a number of possible confounding 

factors were sought in the original studies with no indication of a significant such effect except for 

gender with regard to some occupational exposures. As MS develops over time, a five-year delay 

criterion was applied when assessing exposures, so as to avoid a confounding from factors appearing 

subsequent to onset of the disease. Nevertheless, some of the X-ray examinations could have been 
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performed because of early symptoms of MS. To the extent that the association between MS and 

exposure to ionizing radiation is causal, the referral of dental X-ray or occasional other low dose 

examinations to the unexposed category, would have the effect, if any, of somewhat reducing the risk 

estimates obtained. If no causality is involved in the association found, any influence on the risk 

estimates from this kind of low dose exposure would be indifferent.  

 

Although few studies of ionizing radiation as a determinant of MS have been reported there are some 

corroborating observations. First there is some ”internal support” in one of our own studies [12] as 

five cases but no control had been exposed to ionizing radiation for therapeutic purposes. We have 

also noted a report of four MS patients incorrectly diagnosed with CNS neoplasm, who were 

treated with radiation in tumoricidal doses. In these patients, the clinical course was rapid, suggesting 

that radiation might accelerate the demyelinating process [15]. Based on such cases, one could 

speculate that X-ray examinations might trigger demyelination in susceptible subjects. 

 

The positive correlation of MS rates with latitude has been known for a long time [16] and has been 

taken to suggest a role of cosmic radiation [17, 18]. Interestingly enough, Resch [18] found a better 

correlation with geomagnetic latitude, a proxy for cosmic radiation, than with the  geographical 

latitude. It may be noted however that the emigration pattern in the world is such that north 

Europeans carrying a high incidence of MS have settled in those areas which are relatively adjacent 

to the magnetic poles, that is, in parts of North America and Australia. The same possible 

confounding effect from the emigration pattern might affect also another hypothesis considering MS 

and latitude, namely a suggested suppressive effect of ultraviolet radiation on autoimmunity [19], a 

possibility clearly strengthened by a recent study [20].  
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However, to the extent that any of these hypotheses has any bearing on the causation of MS, the 

cosmic radiation hypothesis might be the better one but hardly excludes some preventive effect of 

ultraviolet radiation. The reason is that there is also some tendency towards higher rates of MS in 

elevated regions than in lowland areas [21], which to some extent opposes the idea of beneficial 

immunosuppression from ultraviolet radiation, that like cosmic radiation increases with altitude.   

 

Some support for a role for ionizing radiation in the etiology of MS can be obtained also from 

experimental data on mice showing that low-dose gamma radiation can increase susceptibility to 

murine encephalomyelitis virus causing a chronic demyelinating disease similar to human MS [22]. 

Decreased activities of superoxide dismutase and glutathione peroxidase and an increased level of 

malonyl dialdehyde in erythrocytes of  patients with MS have been reported,  indicating a decreased 

antioxidative capacity [23] and therefore a likely increased susceptibility to ionizing radiation.  

 

As found in several studies, including cancer research, chemical agents such as peroxides, 

metylmethacrylate, petroleum destillate solvents as well as trichloroetylene and even ethanol, may 

cause oxidative damage and induce autoimmune reactions in various tissues as modified by host 

genetic susceptibility and life-style factors regarding the individual response [24 - 30]. Likewise, 

ionizing radiation may cause free radical formation and oxidative damage and thereby be of 

importance in the pathogenesis of MS in susceptible individuals [25]. The epidemiological findings 

presented suggest a need for further epidemiologic research along this line.  
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Table 1.  Distribution of cases and controls in two studies with data on MS and radiological  work 

exposure (Flodin et al 1988; Landtblom et al 1993) along with a  pooled analysis. 

----------------------------------------------------------------------------------------------------
------------ 
Flodin et al 
1983                                                          Exposed                                          Unexposed             
                   Men  
                                    Cases                           4                                                      32 
                    
                                    Controls                      4                                                     236 
 
                   Women 
                                    Cases                           0                                                      47 
 
                                    Controls                      5                                                     222  
 
Landtblom et al 
1993              
                  Men                                     
                                    Cases                           2                                                      22   
                           
                                    Controls                       2                                                    170 
 
                   Women 
                                    Cases                           4                                                       63 
                
                                    Controls                       1                                                     175 
---------------------------------------------------------------------------------------------------------------- 
Total                           Cases                           10                                                     164 
               
                                    Controls                      12                                                     803 
----------------------------------------------------------------------------------------------------
------------ 
Crude odds ratio                                             4.1                                                     (1.0) 
 
Mantel-Haenszel odds ratio                           4.4                                                      (1.0) 
 
   - 95% confidence interval                       1.6 - 11.6 
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Table 2.  Pooled cases of MS and controls from two studies with supplemented original data on X-

ray examinations; subjects having had dental X-ray and other occasional, low dose examinations 

(see text) have been included among the  unexposed.   

----------------------------------------------------------------------------------------------------
------------ 
Flodin et al 
1988                                                   X-ray examinations                               Unexposed             
                   Men  
                                    Cases                           24                                                     12 
                    
                                    Controls                       87                                                   153 
 
                   Women 
                                    Cases                           30                                                     17 
 
                                    Controls                     108                                                   119  
 
Landtblom et al 
1993              
                  Men                                     
                                    Cases                           9                                                      15   
                           
                                    Controls                     78                                                     94 
 
                   Women 
                                    Cases                          47                                                     20 
                
                                    Controls                    102                                                    74 
---------------------------------------------------------------------------------------------------------------- 
Total                           Cases                         110                                                    64 
               
                                   Controls                     375                                                  440 
----------------------------------------------------------------------------------------------------
------------ 
Crude odds ratio                                            2.0                                                  (1.0) 

Mantel-Haenszel odds ratio                          1.8                                                   (1.0) 

   - 95% confidence interval                      1.2 - 2.6 

 

 


