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Tobacco smoking, but not Swedish snuff

use, increases the risk of multiple sclerosis

ABSTRACT

Objective: The aim of this study was to estimate the influence of tobacco smoking and Swedish
snuff use on the risk of developing multiple sclerosis (MS).

Methods: A population-based case-control study was performed in Sweden, using incident cases
of MS (902 cases and 1,855 controls). A case was defined as a subject from the study base who
had received a diagnosis of MS, and controls were randomly selected from the study base. The
incidence of MS among smokers was compared with that of never-smokers. We also investigated
whether the use of Swedish snuff had an impact on the risk of developing MS.

Results: Smokers of both sexes had an increased risk of developing MS (odds ratio [OR] 1.4, 95%
confidence interval [Cl] 1.2-1.7 for women, and OR 1.8, 95% Cl 1.3-2.5 for men). The increased
risk was apparent even among subjects who had previously smoked moderately (=5 pack-years)
prior to index, and the risk increased with increasing cumulative dose (p < 0.0001). The increased
risk for MS associated with smoking remained up to 5 years after stopping smoking. In contrast,
taking Swedish snuff for more than 15 years decreased the risk of developing MS (OR 0.3, 95%
Cl0.1-0.8).

Conclusions: Smokers of both sexes run an increased risk of developing multiple sclerosis (MS),
and the risk increases with cumulative dose of smoking. However, the use of Swedish snuff is not
associated with elevated risk for MS, which may indicate that nicotine is not the substance responsi-
ble for the increased risk of developing MS among smokers. Neurology® 2009;73:696-701

GLOSSARY

Cl = confidence interval; EIMS = Epidemiologic Investigation of Multiple Sclerosis; MS = multiple sclerosis; OR = odds ratio.

Multiple sclerosis (MS) is a chronic neurologic disease with a heterogeneous pattern and a
prevalence of about 1.2%0—1.6%o in Sweden. Women are affected more commonly than men,
and the incidence of MS in females has been steadily increasing. Although it seems clear that
there is a genetic component, the fairly low concordance rate among identical twins indicates
that environmental factors play a prominent role in influencing the risk. Smoking as a risk
factor for MS has been investigated in 9 epidemiologic studies' (table 1); however, frequently,
case numbers have been small and 2 of the studies were subject to methodologic limitations.®?
In total, 8 of the studies'* observed an association between smoking and increased risk of MS.
The effect of cumulative dose of smoking on the risk for MS has been investigated in only one
of the studies.”

Previous studies have provided evidence of an association between smoking and the risk of
developing MS but the effect of cumulative dose, stopping smoking, and potential sex differ-
ences requires further clarification.

The biologic basis of the potential link between smoking and MS has not yet been eluci-
dated. One of the possibilities is that nicotine, which has been shown to increase microvascular
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Table 1

No. of
Ref. cases
1 241
2 114
3 197
4 315
5) 87
6 201
7 210

Studies on the association between smoking and multiple sclerosis

Ever smoked (92) 1.30R

Ever smoked (114) 1.6 OR

Study type,

Quantity smoked ORorRR 95%ClI region, comments

Ever smoked (106) 1.4 OR 1.05-1.86 Retrospective, case-control
study (Israel)

1-14/day (33) 1.2RR 0.8-1.8 Prospective, cohort,
incident cases

=15/day (25) 1.4RR 0.9-2.2 All female (Oxford)

Ever smoked (138) 1.6 OR 1.0-2.4 Incident case-control; smoking
in year prior to diagnosis
(Montreal)

20-40/day (71) 1.90R 1.2-32

>40/day (16) 550R 1.7-17.8

Ever smoked (175), 1.6RR 1.2-21 Prospective, incident; smoking

10-24 pack-years 4 years prior to MS diagnosis;

before diagnosis only pooled data quoted

(75) here; all female nurses (USA)

>25 pack-years 1.6RR 1.2-24

before diagnosis

(57)

Smoking prior to 1.8RR 1.1-29 Population based, prevalent

disease onset case-control study (Norway)

Females 16RR Not given

Males 2.7RR Not given

1.0-1.7 Prospective, nested
case-control study (UK)
Not given  Retrospective, case-control

study (Belgrade, Serbia)

OR = odds ratio; RR = rate ratio; Cl = confidence interval.

blood flow,' causes leakage in the blood—
brain barrier. It has also been assumed that
nicotine may be an immunotoxic component
in cigarette smoke since it may impair
antigen-mediated signaling in T-cells.'1?

To investigate the influence of environ-
mental factors on the risk of developing MS,
and the interaction of these factors with geno-
type, we started an extensive case-control
study—the Epidemiologic Investigation of
Multiple Sclerosis (EIMS). In this report from
EIMS, we investigated aspects of the associa-
tion between smoking and the risk of devel-
oping  MS that have previously been
investigated only to a limited extent. We also
aimed to clarify the role of nicotine by esti-
mating the possible impact of snuff use on the

risk of developing the disease.

METHODS Study design. This study was designed as a
population-based case-control study using incident cases of MS,
with a study group comprising the population aged 1670 years
in defined areas of Sweden. The study period for this report was

April 2005 to October 2008.

Study group. The study sought to identify incident cases in
the study base as soon as possible after disease onset. In Sweden,

patients with MS are cared for by neurologists. There is equal

access to publicly sponsored health care, including inpatient
care, for all residents. Potential cases were recruited via hospital-
based neurology units as well as privately run neurology units in
Sweden (which are few). All university hospitals participated in
the study, and in total, 32 study centers reported cases of MS to
the study. All cases were examined and diagnosed by a neurolo-
gist located at the unit in which the case was entered. Cases that
did not fulfill the McDonald criteria at the time of this report
were excluded.

For each potential case, 2 controls were randomly selected from
the national population register, taking into consideration the case’s
sex, age (5-year age group), and residential area (county). If informa-
tion could not be obtained from the control selected, then another

control was chosen using the same principles.

Data collection. Information on exposures and other circum-
stances was collected using a standardized questionnaire given to
the cases shortly after they had received their diagnosis and was
sent by mail to the controls. All questionnaires were supposed to
be answered at home. Incompletely answered questionnaires
were completed by mail or by telephone. Completed question-
naires were obtained from 961 potential cases and 1,855 con-
trols, the response proportion being 92% for the case group and
70% for the controls. Of those 961 cases, 59 were excluded as
they did not satisfy the McDonald criteria. The present study
thus comprises 902 cases (648 women, 253 men) and 1,855

controls (1,343 women, 513 men).

Definition of smoking habits and snuff use. The exten-
sive questionnaire contained questions about demographic and re-
productive factors, heredity, previous health, body weight and
height, lifestyle factors, occupational exposures, and socioeconomic
circumstances. Information on smoking was obtained by asking
about current and previous smoking including duration of smok-
ing, average number of cigarettes smoked per day, and type of cigarettes.

For each case, the time at the initial appearance of symptoms
indicative of MS was used as an estimate of the disease onset, and
the year in which this occurred was defined as the index year.
Tobacco smoking was considered prior to the index year in the
cases and during the same period of time in the corresponding
controls. Subjects who had smoked during the index year were
defined as current smokers, those who had stopped smoking
prior to the index year were defined as ex-smokers, and people
who had never smoked before or during the index year were
defined as never-smokers.

In order to analyze the influence of cumulative dose of smok-
ing on the risk of developing the disease, we categorized the
smokers into groups based on the amount of cigarettes smoked
(pack-years) prior to index. One pack-year is defined as 20 ciga-
rettes smoked per day for 1 year.

With respect to the use of snuff, questions were asked in a
similar fashion as for smoking. Subjects who reported that they
had used Swedish snuff before or during the index year were
defined as snuff-takers. The subjects were categorized into
groups based on the duration of snuff use (years) and the cumu-
lative dose (packet-years) before index. One packet-year is the

equivalent of consuming one packet of snuff daily for 1 year.

Statistical analysis. Using logistic regression, the incidence of
MS in subjects with different smoking habits was compared with
that in never-smokers by calculating odds ratios (OR) with 95%
confidence intervals (CI). We compared the incidence of MS in
snuff-takers who had never smoked with that in subjects who
had never used any kind of tobacco. Analyses were also per-

formed including all snuff-takers with adjustment for smoking.
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Table 2 0Odds ratio (OR) with 95% confidence interval (Cl) of developing
multiple sclerosis for different categories of cigarette smokers
compared with never-smokers

Exposed Exposed
cases controls OR* OR* 95% ClI
Never-smoker 385 967 1.0¢% 1.0% —
Ever-smoker 517 888 1.5 1.5 1.3-18
Ex-smoker 195 358 1.4 1.4 1.1-18
<5y since stopping 74 107 1.5 1.5 1.1-2.0
=5 y since stopping 120 251 1.0 1.0 0.8-1.3
Current smoker 322 530 1.6 1.6 1.3-19
Women
Never-smoker 287 699 1.0t 1.0t —
Ever-smoker 362 643 1.4 1.4 1.2-1.7
Ex-smoker 133 262 iLE 1.3 1.0-1.7
Current smoker 229 381 1.5 1.5 1.2-18
Men
Never-smoker 98 268 1.0¢% 1.0% —
Ever-smoker 155 245 1.8 1.8 1.3-25
Ex-smoker 62 96 1.8 1.8 1.2-2.8
Current smoker 93 149 1.8 1.8 1.2-25

Information on smoking cessation was missing for one of the cases who had stopped smok-
ing. Thirteen cases had stopped smoking during the index year.

*Crude data.

*Adjusted for age, ancestry, residential area, and for gender when women and men were
analyzed together.

*Reference category.

We performed matched analyses based on all available case-
control triplets, as well as unmatched analyses of the data based
on all available cases and controls. Only the results from the
unmatched analyses are presented in this report since these were
in close agreement with those from the matched analyses but had
a higher degree of precision.

All analyses were adjusted for age, sex, residential area (ac-
cording to study design), and ancestry.

In the analysis, age was categorized into the following 8 stra-
ta: 16-19, 2024, 25-29, 30-34, 35-39, 40-45, 45-49, and
5070 years of age. Assessment of ancestry was based on whether
the subject was born in Sweden and whether either of the sub-
ject’s parents had immigrated to Sweden. A subject who was
born in Sweden, whose parents had not immigrated, was classi-
fied as Swedish. Adjustments were also done for educational level
(university degree or not), body mass index (<19 vs >19 kg/
m?), parity (yes/no), and oral contraceptive use (ever/never), but
these factors had minor influence on the results of the study and
were not retained in the final analyses.

When women and men were analyzed together, the results were
also adjusted for potential confounding by sex. All analyses were
conducted using Statistical Analysis System (SAS) version 9.

Standard protocol approvals, registrations, and patient
consents. All patients and controls consented to participate in
the study after receiving written information. All aspects of the
study were approved by the Regional Ethical Review Board at
Karolinska Institutet.

RESULTS Our analyses of tobacco smoking and the
risk of developing MS included 902 cases and 1,855
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controls matched for age, sex, and residential area.
All cases had clinically proven or laboratory-
confirmed MS according to the McDonald criteria.
Ninety-eight percent of the diagnoses were sup-
ported by a positive result on MRI.

Among the cases, 649 (72%) were women and
253 (28%) were men. The mean age at onset was 34
years and the mean duration from the initial appear-
ance of symptoms indicative of MS to the diagnosis
was 3.8 years.

Opverall, the proportion of ever-smokers before
the index year was 57% among cases (517/902) and
48% among controls (888/1,855).

Compared with never smoking before the index
year, the OR (95% CI) for MS was 1.5 (1.3-1.8) for
ever smokers, 1.6 (1.3—1.9) for current smokers, and
1.4 (1.1-1.8) for past smokers. When separate analy-
ses were made for women and men, female ever-
smokers had an OR for MS of 1.4 (1.2-1.7)
compared with never-smokers. The corresponding
result for men was 1.8 (1.3-2.5) (table 2).

The increased risk for MS associated with smok-
ing remained up to 5 years after stopping smoking
(table 2). The association between cumulative dose
of smoking, expressed as pack-years, and MS risk is
displayed in table 3. Significant trends that show
higher risk of developing MS with higher dose of
smoking were seen among both women and men.

In current snuff-takers who had never smoked,
the incidence of MS was 0.8 (95% CI 0.4—-1.3) com-
pared to subjects who had never used any kind of
tobacco. The longer the period of snuff use before
the index year, the lower was the risk of developing
MS. However, the only significant result was for sub-
jects who had taken Swedish snuff for more than 15
years prior to the disease onset (OR = 0.3, 95% CI
0.1-0.8, p = 0.02).

Analyses based on all snuff-takers, adjusted for
smoking, showed similar results. A decreased risk of de-
veloping MS was more obvious among current snuff-
takers than among ever snuff-takers, and the association
between decreased MS incidence and snuff use was sig-
nificant for those who had taken Swedish snuff for 5
years or more prior to the disease onset (table 4).

DISCUSSION According to our observations, to-
bacco smokers of both sexes run an increased risk of
developing MS compared with never-smokers, and
we found clear evidence of a dose-response correla-
tion between cumulative dose of smoking with the
risk of developing the disease. From a clinical point
of view, these results support the view that abstinence
from smoking should be recommended to those at
risk of developing MS, such as children of patients
with MS. We further observed that the increased risk



Table 3

0Odds ratio (OR) with 95% confidence interval (Cl) of developing

multiple sclerosis for ever-smokers compared with never-smokers
by cumulative dose of smoking

No. of
pack-years

Total
0
=5
6-10
11-15
16+

Women

=5
6-10
11-15
16+

Exposed
cases

385
250
101
59
99

287
180
73
41
62

98
70
28
18
37

Exposed p Value
controls OR* OR* 95% ClI for trend
967 1.0 1.0 =
463 1.4 1.3 1.0-1.6
176 1.5 1.5 1.1-2.0

93 1.7 1.7 12-2.4
145 1.9 1.9 1.4-2.6 <0.0001
699 1.0 1.0 =
328 1.3 L8 11-1.7
132 1.4 1.4 1.0-1.9

71 1.5 1.5 1.0-2.3
104 1.6 1.6 1.1-23 0.002
268 1.0 1.0 =
135 1.4 1.4 1.0-2.0

44 1.9 1.8 1.1-31

22 2.5 2.4 1.2-48

41 2.9 2.9 1.7-5.1 <0.0001

Information on cumulative dose was missing for 19 ever-smokers (8 cases and 11 controls).

*Crude data.

*Adjusted for age, ancestry, residential area, and for gender when women and men were

analyzed together.

of developing MS due to smoking abates a few years
after smoking cessation. The use of Swedish snuff
was not associated with an increased risk of develop-
ing MS. In current snuff-takers who had taken Swed-
ish snuff for 5 or more years, the incidence rate was
significantly lower compared to those who had never
taken Swedish snuff, even after smoking had been
taken into consideration.

Table 4

Odds ratio (OR) with 95% confidence interval (Cl) of developing

multiple sclerosis for current snuff-takers compared with never
snuff-takers among never smokers and ever smokers

No. of pack-years
Never smokers

0

<5

=5
Ever smokers

0

<5

=5

*Crude data.

Exposed
cases

366
10

430
57
30

Exposed p Value for
controls OR* OR 95% CI trend
903 1.0 1.0 -
26 0.4 0.4t 0.01-13
38 0.4 0.4* 0.01-18
702 1.0 1.0¢ —
102 0.5 0.5% 0.2-1.3
84 0.3 0.3* 0.1-0.9 0.02

*Adjusted for age, sex, ancestry, and residential area.
*Adjusted for age, sex, ancestry, residential area, and smoking.

The study was designed as a case-control study
with incident cases, in which information regarding
smoking habits and snuff use was collected retrospec-
tively. There could be a potential recall bias in this
case-control design, introducing systematic error in
the calculation of the association between smoking
and MS. In order to minimize such recall bias, we
primarily included incident cases of MS who had re-
ceived the diagnosis within the past year. We also
took great effort to obtain the information on smok-
ing in an identical way for the cases and the controls.
Moreover, the questionnaire contained a wide range
of questions regarding many potential environmental
risk factors and no section in the questionnaire was
given prime focus. Therefore, the potential recall bias
is likely to be small in this study. Another potential
methodical problem is that the recruitment of cases
and controls may introduce selection bias. Some
cases may have been unidentified in our study; for
example, those who were diagnosed in private clinics
not participating in our study. Considering the struc-
ture of the public Swedish health care system, which
provides equal free of charge access to medical ser-
vices for all Swedish citizens, we believe almost all
cases of MS are referred to neurologic units and it is
therefore not likely that the relatively few unidenti-
fied cases would cause a substantial bias in our calcu-
lations. The proportion of responders with regard to
participation in the study was 92% for cases and
70% for controls. A potential selection bias may re-
sult from the relatively high proportion of nonre-
sponders among the controls. However, this bias is
probably modest because the prevalence of smoking
among the controls was consistent with that expected
for the general population in similar ages."

The possibility that the association between smok-
ing and increased risk of developing MS is due to some
factor that affects both smoking behavior and MS risk
cannot be excluded. In order to differentiate between
smoking and smoking-associated behavior, we initally
adjusted our analyses for educational level, parity, and
body weight. However, these adjustments had only a
minor influence on the results. Another factor of poten-
tial importance is passive smoking, but the data so far
have been conflicting, 4!

Smoking as a risk factor for MS has previously
been evaluated in 9 epidemiologic studies (table 1).
We conducted a pooled analysis of these studies (OR
1.5, 95% CI 1.3-1.7), and the result was in accor-
dance with our findings. None of the previous stud-
ies have evaluated the effect of stopping smoking or
the impact of snuff use on the risk of developing MS.

Although there is strong evidence that tobacco
smoking influences the risk of developing MS, this

does not contribute to an explanation of the geo-

Neurology 73 September 1, 2009 699



700

graphic variations in MS incidence, the female-to-
male ratio, or the increasing incidence of MS among
females. Available data accommodate more than one
type of environmental effect.’® Apart from smoking,
vitamin D status and infection with Epstein-Barr vi-
rus have been consistently associated with increased
risk of developing MS and may better explain the
geographic variations in MS incidence.

Although migration studies suggest the existence
of influential risk factors operating early in life, Aus-
tralian data indicate that there are harmful factors
also acting later in life,'” which supports the action of
more than one environmental factor.

The molecular pathways responsible for the ob-
served association between smoking and MS are not
yet known, but a variety of mechanisms have been
suggested to explain the association. Cigarette
smoke elevates peripheral blood leukocyte counts!®
and is associated with important markers of
inflammation in autoimmune disease such as
C-reactive protein and interleukin-6." Abnormal-
ities in T-cell function® and impairment of both
humoral and cell-mediated immunity have been
observed in smokers.?!

Nicotine has been shown to increase microvascu-
lar blood flow!'® and increase blood-brain barrier
permeability.?? Leakage of the blood—brain barrier
has been suggested as an initiating event in the devel-
opment of MS.? It has also been assumed that nico-
tine may be immunotoxic since it may impair
antigen-mediated signaling in T-cells.'"'> However,
our findings indicate that the association between
MS and smoking is not a result of the influence of
nicotine.

Other hypothesized mechanisms relating smok-
ing and MS include chronic cyanide intoxication
leading to widespread demyelination.?*?* Serum con-
centrations of cyanide are strongly correlated with
the level of tobacco consumption.?*?” Some experi-
mental evidence points to a potential role of the free
radical nitric oxide. Exposure of nitric oxide has been
shown to cause axonal degeneration or block axonal
conduction, especially in axons that are physiologi-
cally active or demyelinated.?®? Furthermore, ele-
vated levels of nitric oxide metabolites in the CSF are
associated with the clinical progression of MS.3® Fi-
nally, smoking may increase the risk of MS by in-
creasing the frequency and persistence of respiratory
infections.

Tobacco smoking is not associated with increased
risk of all inflammatory diseases. It is protective
against ulcerative colitis.?! Furthermore, a decreased
risk of Parkinson disease has consistently been dem-
onstrated among tobacco users.’> These findings
have been attributed to the ability of nicotine to act
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as a neuroprotective agent. Nicotine may exert sys-
temic effects on the immune system by inhibiting the
production of proinflammatory cytokines from im-
mune cells, such as macrophages, via the alpha7 sub-
unit of the acetylcholine nicotinic receptor.?®34 Since
MS is most likely driven by systemic immune re-
sponses targeted at the CNS, nicotine may also be
involved in this disease, consistent with the apparent
lower incidence in long-term snuff-takers.

The molecular mechanisms establishing the asso-
ciation between smoking and MS are still unclear
and warrant further investigation. A possible interac-
tion between smoking and genotype will be investi-
gated within EIMS. This line of research may
provide a better understanding of the pathogenesis of
MS and new insights into the potential prevention of
the development of the disease.

AUTHOR CONTRIBUTIONS

Statistical analysis was conducted by Anna K. Hedstrém, Institute of En-

vironmental Medicine, Karolinska Institutet, Stockholm, Sweden.

ACKNOWLEDGMENT

The authors thank Nina Andersson and Eva Hessleryd for collecting data
and the EIMS study group for recruiting patients.

DISCLOSURE

Dr. Hedstrém reports no disclosures. Dr. Bidrnhielm receives research
support from Biogen Idec and Sanofi-Aventis. Dr. Olsson served on scien-
tific advisory boards for Merck-Serono, Biogen Idec, and SanofiAventis;
served as Co-editor of Current Opinion in Immunology; received speaker
honoraria from Novartis and Biogen; and receives research support from
Bayer Schering, Sanofi-Aventis, Biogen Idec, the Swedish Research Council
(07488), EU fp6 Neuropromise (LSHM-CT-2005-018637), EURATools
(LSHG-CT-2005-019015), the Séderberg Foundation, Bibbi and Nils
Jensens Foundation, the Montel Williams Foundation, and the Swedish
Brain Foundation. Dr. Alfredsson receives research support from the Swedish
Medical Research Council (K2007-69X-14973-04-3) and Swedish Council
for Working Life and Social Research (Dnr 2006-0655).

Received March 11, 2009. Accepted in final form June 4, 2009.

REFERENCES

1. Antonowsky A, Leibowitz U, Smith H, et al. Epidemio-
logic study of multiple sclerosis in Israel: an overall review
of methods and findings. Arch Neurol 1965;13:183-193.

2. Thorogood M, Hannaford PC. The influence of oral con-
traceptives on the risk of multiple sclerosis. Br J Obstet
Gynaecol 1998;105:1296-1299.

3. Ghadirian P, Dadgosar B, Azani R, et al. A case-control
study of the association between socio-demographic, life-
style and medical history factors and multiple sclerosis.
Can ] Public Health 2001;92:281-285.

4. Hernan MA, Olek MJ, Ascherio A. Cigarette smoking and
incidence of multiple sclerosis. Am ] Epidemiol 2001;154:
69-74.

5. Riise T, Nortvedt MW, Ascherio A. Smoking is a risk fac-
tor for multiple sclerosis. Neurology 2003;61:1122-1124.

6. Hernan MA, Jick SS, Logroscino G, et al. Cigarette smok-
ing and the progression of multiple sclerosis. Brain 2005;

128:1461-1465.



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Pekmezovic T, Drulovic J, Milenkovic M, et al. Lifestyle
factors and multiple sclerosis: a case-control study in Bel-
grade. Neuroepidemiology 2006;27:212-216.

Zorzon M, Zivadinov R, Nasuelli D, et al. Risk factors of
multiple sclerosis: a case-control study. Neurol Sci 2003;
24:242-247.

Simpson CA, Newell DJ, Schapira K. Smoking and multi-
ple sclerosis. Neurology 1966;16:1041-1043.

Hans F-J, Wei L, Bereczki D, et al. Nicotine increases
microvascular blood flow and flow velocity in three groups
of brain areas. Am ] Physiol 1993;265:H2142-H2150.
Kalra R, Singh SP, Savage SM, et al. Effects of cigarette
smoke on immune response: chronic exposure to cigarette
smoke impairs antigen-mediated signaling in T cells and
depletes IP3-sensitive Ca®* stores. ] Pharmacol Exp Ther
2000;293:166-171.

Sopori ML, Kozak W. Immunomodulatory effects of ciga-
rette smoke. ] Neuroimmunol 1998;83:148—156.
Available at:  http://www.scb.se/statistik/LE/LE0101/
2007A01/HA12_07 xls. Accessed December 19, 2008.
Mikaeloft Y, Caridade G, Tardieu M, et al. Parental smok-
ing at home and the risk of childhood-onset multiple scle-
rosis in children. Brain 2007;130:2589-2595.
Montgomery SM, Bahmanyar S, Hillert J, et al. Maternal
smoking during pregnancy and multiple sclerosis amongst
offspring. Eur ] Neurol 2008;15:1395-1399.

George Ebers C. Environmental factors and multiple scle-
rosis. Lancet Neurol 2008;7:268-277.

Hammond SR, English DR, McLeod JG. The age-range of
risk of developing multiple sclerosis: evidence from a migrant
population in Australia. Brain 2000;123:968-974.

Petitti DB, Kipp H. The leukocyte count: associations
with intensity of smoking and persistence of effect after
quitting. Am J Epidemiol 1986;123:89-95.

Bermudez EA, Rifai N, Buring JE, et al. Relation between
markers of systemic vascular inflammation and smoking in
women. Am ] Cardiol 2002;89:1117-1119.

Hughes DA, Haslam PL, Townsend PJ, et al. Numerical
and functional alterations in circulatory lymphocytes in
cigarette smokers. Clin Exp Immunol 1985;61:459—466.
Moszczynski P, Zabinski Z, Moszezynski P, Jr., et al. Im-
munological findings in cigarette smokers. Toxicol Lett
2001;118:121-127.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Chen JL, Wei L, Bereczki D, et al. Nicotine raises the
influx of permeable solutes across the rat blood-brain bar-
rier with little or no capillary recruitment. J Cereb Blood
Flow Metab 1995;15:687-698.

Moore WGR. Neuropathology and pathophysiology of
the multiple sclerosis lesion. In: Paty DW, Ebers GC, eds.
Multiple Sclerosis. Philadelphia: F.A. Davis; 1998.

van Houten WH, Friede R. Histochemical studies of ex-
perimental demyelination produced with cyanide. Exp
Neurol 1961;4:402—412.

Freeman AG. Optic neuropathy and chronic cyanide in-
toxication: a review. ] R Soc Med 1988;81:103-106.
Lundquist P, Rosling H, Sérbo B, et al. Cyanide concen-
trations in blood after cigarette smoking, as determined by
a sensitive fluorometric method. Clin Chem 1987;33:
1228-1237.

Gardner MJ, McCarthy TL, Jusko WJ. Relationship of
serum thiocyanate concentrations to smoking characteris-
tics. ] Toxicol Environ Health 1984;14:393-406.

Smith KJ, Kapoor R, Hall SM, et al. Electrically active
axons degenerate when exposed to nitric oxide. Ann Neu-
rol 2001;49:470—476.

Redford EJ, Kapoor R, Smith K]J. Nitric oxide donors re-
versibly block axonal conduction: demyelinated axons are
especially susceptible. Brain 1997;120:2149-2157.
Redjak K, Eikelenboom MJ, Petzold A, et al. CSF nitric
oxide metabolites are associated with activity and progres-
sion of multiple sclerosis. Neurology 2004;63:1439-1445.
de Saussure P, Clerson P, Prost PL et al. Appendectomy,
smoking habits and the risk of developing ulcerative colitis:
a case control study in private practice setting. Gastroen-
terol Clin Biol 2007;31:493—497.

Picciotto MR, Zoli M. Neuroprotection via nAChRs: the
role of nAChRs in neurodegenerative disorders such as
Alzheimer’s and Parkinson’s disease. Front Biosci 2008;13:
492-504.

de Jonge WJ, Ulloa L. The alpha7 nicotinic acetylcholine
receptor as a pharmacological target for inflammation. Br ]
Pharmacol 2007;151:915-929.

Tracey K]J. Physiology and immunology of the cholinergic
antiinflammatory pathway. ] Clin Invest 2007;117:289—
296.

You Can Change the Future of Your Profession

Donald M. Palatucci Advocacy Leadership Forum
January 7-10, 2010
Fort Lauderdale, FL

Your Academy is now accepting applications for an award-winning advocacy leadership training
program. The Palatucci Advocacy Leadership Forum has trained 210 neurology professionals—just
like you—who are now successfully advancing health care improvements throughout the world!

Application deadline is September 20, 2009. Visit www.aan.com/palf today.
The Donald M. Palatucci Advocacy Leadership Forum is supported in part by an educational grant from

UCB, Inc.

Neurology 73 September 1, 2009

701



	Tobacco smoking, but not Swedish snuff use, increases the risk of multiple sclerosis
	ABSTRACT
	Objective
	Methods
	Results
	Conclusions

	GLOSSARY
	METHODS
	Study design
	Study group
	Data collection
	Definition of smoking habits and snuff use
	Statistical analysis
	Standard protocol approvals, registrations, and patient consents

	RESULTS
	DISCUSSION
	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGMENT
	DISCLOSURE
	REFERENCES


