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Results obtained in previous studies on the relationship between exposure to organic solvents and risk of multiple scle-
rosis are not entirely consistent.

The aim of this study was to investigate the relationship between exposure to organic solvents and risk of multiple
sclerosis and possible interactions between exposure to solvents and smoking; exposure to solvents and infectious mononu-
cleosis; exposure to solvents and D-vitamin.

The case-control study on Evironmental Factors In Multiple Sclerosis (EnviIMS) was used. We examined two samples,
the first one made up of 1.197 MS patients, and the second one, 2.361 healthy controls from Swveden and Norway; both group
were matching in terms of their sex and age. We examined their exposure to organic solvents prior to the study; we also ex-
amined whether they had suffered from infectious mononucleosis, their outdoor activity (D-vitamin) and smoking status. The
relationships between exposure to solvents and other risk factors were estimated as odds ratios (ORs) with 95 % confidence
interval (95 % Cl) using logistic regression.

Exposure to organic solvents was found to be associated with an increased MSrisk, OR 1.51 (95 % confidence interval
(CI): 1.19-1.90; p = 0.001), adjusted OR was 1.36 (95 % Cl: 1.05-1.75; p = 0.020). Adjusted ORs for different combina-
tions including exposure to solvents and other risk factors such as smoking, infectious mononucleosis and D-vitamin showed
an increased risk of MS. Among those who reported infectious mononucleosis there was no increased risk associated with
exposure to solvents, OR 1.03 (95 % CI: 0.48-2.19).

The increased risk seems to be present only in individuals with unfavorable smoking status and low D-vitamin status.

Keywords: multiple sclerosis, risk factors, organic solvent, smoking, infectious mononucleosis, D-vitamin.

Several environmental factors have been
demonstrated to increase the risk of develop-
ing multiple sclerosis (MS), such as Epstein
Barr infection (EBV), smoking [1], low levels
of vitamin D [2] and sun exposure, and obe-
sity [3]. Landtblom et al also investigated if

there were any appears to be an exposure time
window of vulnerability for example regard-
ing Epstein Barr infection after childhood and
obesity in adolescence. For some risk factors
there appears to exposure time window of
vulnerability for example regarding Epstein
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Barr infection after childhood and obesity in
adolescence [4].

Studies regarding solvents started early
on with the observations of Amaducci in
shoemakers in Florence. Eventually series of
case control studies were performed, many
of which seemed to suggest an odd ratio of
about 2. Flodin [et al.] [5] and Landtblom
[et al.] [6] saw an increased risk for MS in
men due to occupational exposure to sol-
vents, particularly in combination with weld-
ing in case-control studies.

An early meta-analysis of thirteen small
studies in 1996 showed an association be-
tween organic solvents and MS in ten of
them with about a two-folded risk of MS in
exposed individuals [7]. They found no
clinical differences between the two groups
but there was a significant higher proportion
of the exposed MS-patients who had hypoin-
tensity in basal ganglia on MRI compared to
unexposed, although some of the unexposed
MS-patients also had hypointensity in their
basal ganglia [8].

Lantblom [et al.] compered MS-patients
exposed to organic solvents with unexposed
MS-patients to see if there was a difference
in their metabolization of organic solvents.
They investigated the occurrence of patients
with GSTM1null and CYP2D6 poor metabo-
lizers in the two groups but saw no differ-
ence between the exposed and unexposed
group [9]. A big register study on occupa-
tional exposure in men between 1970 to
1980 saw no association between MS and
occupational exposure [10]. A recent case-
control study found no association between
exposure to organic solvents and MS [11].

A review by Barragan-Martinez [et al.]
in 2012 investigated the association between
organic solvents and autoimmune diseases
and saw an association between organic ex-
posure and primary systemic vasculitis, sys-
temic sclerosis and multiple sclerosis. Fif-
teen studies on MS and exposure to various
organic solvents were included [12], about
half of them was also included in the review

ISSN (Print) 2308-1155 ISSN (Online) 2308-1163

by Landtblom et al in 1996. Barragan-
Martinez [et al.] found a slight but signifi-
cantly increased risk of developing MS after
exposure to organic solvents, the odds ratio
calculated to 1,53 (95% ClI:1,03-2,29) [12].

Since many anesthetics are related to
organic solvents and trichloroethylene (TCE)
previously have been used as an anesthetic
[13] some groups have investigated if there
is an association between exposure to anes-
thetics and an increased risk of MS. In 1988
Noseworthy reported two patients with TCE
poisoning initially diagnosed as MS due to
their fluctuation of symptoms. Both patients
had normal MRI and clinic did not fully sup-
port MS [14]. A big study of marines ex-
posed to mainly TCE and tetrachloroethyl-
ene in drinking water between 1975 and
1985 showed no association to MS. The lev-
els of TCE were lower than the estimated
exposure in industry at the same period and
the time of exposure was relatively short
[15]. Landtblom [et al.] noted a trend to-
wards a higher cumulative incidence of MS
in anesthetic nurses compered to teachers,
only significant in the 1990-2000 strata and
an almost two-fold non-significant risk com-
pared to other nurses [16]. On the other
hand, Stenager et al could not find an in-
creased risk of MS among anesthetic nurses
compared to the expected incidence in a
matched population [17]. Nor did Hedstrom
[et al.] in a later study where they also
looked at anesthetic nurses exposed before
1985 as a separate group [18].

In a recently presented article by Hed-
strom [et al.], a significantly increased risk
of MS was shown after exposure of organic
solvents, OR 1.5 (95% CI 1.2-1.8). They
have also analysed ORs for different combi-
nations of genetic risk factors (DRB1*15 and
HLAA*02), smoking and exposure to or-
ganic solvents. An OR of 30.3 was seen
when participants, carrying HLA-DRB1*15
and lacking HLA-A*02, were exposed to or-
ganic solvents and smoking in combination.
However, it can be pointed out that the num-
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ber of cases and controls was quite little 40
respective 5 [19].

The purpose of this study was to analyze
the risk for MS after exposure to organic sol-
vents and possible interactions between sol-
vent exposure and smoking; solvent exposure
and EBV; solvent exposure and D-vitamin.

Methods. Study design. Our study is a
part of the International multicenter case-
control study of Environmental Factors in
Multiple Sclerosis (EnvIMS). The EnvIMS
aims to investigate the effects of self-reported
exposure of risks, environmental issues and
lifestyle in early stages of life to disease out-
breaks in MS and to reveal possible risk dif-
ferences between distinct populations using a
common method. It has been carried out in
well-defined geographic areas in Europe
(Norway, Italy, Serbia and Sweden) and in
Canada. Details of study design and method-
ology in EnvIMS have previously been re-
ported by Magalhaes [et al.] [20].

Study population and area. The current
study includes participants from Sweden and
Norway aged 18 years or older at the time of
selection. The cases were recruited from
population-based MS registries. Four times
as many age and sex frequency-matched
controls were randomly selected from the
population registries of each region under
study. The response rates among the cases
were 68% and 70% for Sweden and Norway
respectively. The response rates among the
controls were similar in Sweden and Norway
(37% and 36%).

Exposure. Exposure information was
collected through a novel, self-administered
questionnaire. Ten questions about occupa-
tional exposure: engine oil, cutting oil, form
oil, hydraulic oil, turbine oil, asphalt, drilling
mud, crude oil, anesthetic gases and organic
solvents (e.g. thinner, tri, trichloroethylene,
lacquer naphtha, toluene, styrene, xylene or
the like) were reported as «no», «don’t know»
and «yes». They reported age when exposure
started, during how many years they were ex-
posed and in what kind of work.
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Smoking habits were reported as «ever»
and «never» smoker, age at smoking initia-
tion, total years of smoking and number of
cigarettes per day in different age groups be-
tween 11 to 30 years.

EBV infection was measured as a posi-
tive history of infectious mononucleosis (IM)
answered as «yes», «no» and «don’t remem-
ber». They also reported which age period the
disease was contracted.

As an indication of D-vitamin status
there were questions about outdoor activity
rated as «little (1)», «medium (2)», «pretty
much (3)», «out almost all the time (4)», in
age groups.

Satistical analysis. The association be-
tween disease and exposure was estimated as
OR with 95% confidence interval (95% CI)
using logistic regression. All controls were
randomly assigned an index age based on the
distribution of age of disease onset in the
cases. Events or reported behavior occurring
after the age of MS onset or index age were
not considered as exposure. The exposure
time for solvents, smoking and IM must have
occurred before onset of MS. All analyses
were adjusted for age and sex.

To account for outdoor activity through-
out adolescence the age periods «16—18»
were used, which in previous studies from
EnvIMS has shown been the most relevant
MS risk. The values in the original variables
(ranging from 14) were added and the new
variable took value «Low D-vitamin» (rate
1-2) and «High D-vitamin» (rate 3—4).

Results. A total of 3558 people's an-
swers are involved this study, 1197 cases
and 2361 controls. The occupational ques-
tions about organic solvents were answered
in total by 3457 individuals (97.2 %). «Yes»
by 408 persons «No» by 2926, «Don't know»
by 123 and there were 101 missing. Higher
proportion of men than women has reported
that they have been exposed of organic
solvent.

In total the question about smoking was
answered by 3461 persons (97.3 %). «Yes»
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by 1879 persons «No» by 1582 and there
were 97 missing.

A total of 3447 (96.9%) answered the ques-
tion of IM, «Yes» by 403, «No» by 2872 and
«Don't remember» 172, missing 111. Outdoor
activity answered by 3463 persons (97.3%).

Exposure to organic solvents was found to
be associated with MS in the pooled data from
Sweden and Norway. The OR for risk of MS
was 1.51 (95% CI: 1.19-1.90, p = 0.001), ad-
justed to IM, smoking and outdoor activity (vi-
tamin D-level) the OR was 1.36 (95% CI:
1.05-1.75, p = 0.020). In men the OR was 1.42
(95% CI: 1.002.02, p = 0.050), in women 1.24
(95% CI: 0.85-1.82, p = 0.267).

A calculation of the ORs associated
with different combinations of solvent ex-
posure and smoking, solvent exposure and
IM; solvent exposure and D-vitamin showed
an increased risk of MS. Cases with expo-

sure to organic solvents and smoking the
OR was 3.2 (95% CI: 2.36-4.36, p = 0.000);
organic solvents and low D-vitamin had an
OR 2.87 (95% CI: 2.02-4.10, p = 0.000),
Table 1.

Table 2 shows the effect of interaction
providing the effect estimates for each of the
three exposures variables (smoking, infec-
tious mononucleosis (IM), D-vitamin level)
stratified on exposure of organic solvents.
The estimates for smokers and low D-vita-
min show a significantly increased risk. In
those who reported no history of IM there
was a significantly increased risk.

Discussion. It is interesting to consider
possible mechanisms that may be related to the
effect of solvent exposure in MS. An effect on
the blood brain barrier has been proposed as a
cause of the increased risk, possibly opening
for immunocompetent cells to enter the central

Table 1

Adjusted odd ratios of risk for multiple sclerosis with different combinations of exposure
to organic solvents, smoking, infectious mononucleosis (IM) and D-vitamin

Parameter Cases, n (%) Controls, n (%) OR (95% CI) p

Both countries

No Solvents, No Smoking 356 (33.5) 1041 (48,7) 1,00 (reference)

Yes Solvents, No Smoking 38 (3,6) 98 (4,6) 1,12 (0,75-1,67) 0,582
No Solvents, Yes Smoking 560 (52,6) 896 (41,9) 1,91 (1,63-2,25) 0,000
Yes Solvents, Yes Smoking 110 (10,3) 103 (4,8) 3,21 (2,36-4,36) 0,000
No Solvents, No IM 725 (72,1) 1689 (83,7) 1,00 (reference)

Yes Solvents, No IM 116 (11,5) 172 (8,5) 1,49 (1,15-1,94) 0,003
No Solvents, Yes IM 149 (14,8) 142 (6,0) 2,35 (1,83-3,02) 0,000
Yes Solvent, Yes IM 16 (1,6) 16 (0,7) 2,17 (1,08-4,39) 0,030
No Solvents, High D-vitamin 432 (39,5) 987 (46,0) 1,00 (reference)

Yes Solvents, High D-vitamin 72 (6,6) 140 (6,5) 1,12 (0,82-1,53) 0,486
No Solvents, Low D-vitamin 511 (46,7) 955 (44,5) 1,26 (1,07-1,47) 0,005
Yes Solvents, Low D-vitamin 79 (7,2) 62 (2,9) 2,87 (2,02-4,10) 0,000

Table 2

The association between smoking, infectious mononucleosis, D-vitamin level and risk
of multiple sclerosis and cases exposed by solvents

Data OR (95% CI) for MS with history of solvents exposure
No Smoking | Yes Smoking | No IM Yes IM | High D-vitamin | Low D-vitamin
1,17 1,62 1,48 1,03 1,11 2,31
P 0,453 0,002 0,004 0,945 0,526 0,000
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nervous system. Since solvent exposure only
seems noxious in smokers, one also must to
consider the local inflammation caused by
cigarette smoking as a mandatory variable for
increasing the risk further.

In the Nordic countries, exposure to
solvents is nowadays rather rare, because of
hygienic regulations. Our finding is concern-
ing a previous time period, and the partici-
pants are to certain extent, older people.

However, in other parts of the world, sol-
vent exposure is still a valid health prob-
lem. In addition, our findings can say some-
thing about the mechanisms of MS patho-
genesis.
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