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P ABSTRACT

4 TOP

Experimental data suggest that cigarette smoking may play arole in . AgS'TRACT

the development of multiple sclerosis (MS), but epidemiologic : ;ﬂ?glglig; !‘:);\ED METHODS
studies have been small and inconclusive. The authors assessed the + RESULTS

association between MS incidence and smoking in two cohort studies : EE’F(’;}RSI?@: S

of US women, the Nurses' Health Study (121,700 women aged 30-55—— —
years at baseline in 1976) and the Nurses' Health Study II (116,671 women aged 2542 years at baseline
in 1989). Smoking history was assessed at baseline and updated on biennial questionnaires. A total of
315 definite or probable cases of MS were documented, Compared with that for women who never
smoked, the relative incidence rate was 1.6 (95% confidence interval: 1.2, 2.1) among current smokers
and 1.2 (95% confidence interval: 0.9, 1.6) among past smokers after adjustment for age, latitude, and
ancestry. The relative rate increased significantly with cumulative exposure to smoking (p for trend <
0.05), from 1.1 (95% confidence interval: 0.8, 1.6) for 1-9 pack-years to 1.5 (95% confidence interval:
1.2, 2.1) for 1024 pack-years and 1.7 (95% confidence interval: 1.2, 2.4) for 25 or more pack-years.
Similar results were obtained after adjustment for other potential confounding factors. Although these
prospective results do not prove a cause-and-effect relation, they suggest that smoking is associated with

an increased risk of MS.

cohort studies; multiple sclerosis; smoking

Abbreviations: CI, confidence interval; MS, multiple sclerosis; NHS, Nurses' Health Study; NHS 11,
Nurses' Health Study 1I; RR, relative rate

# INTRODUCTION

= TOP
Environmental factors are likely to play a prominent role in the « ABSTRACT

development of multiple sclerosis (MS), but few such factors have . ;:'lf:gg;gi "3?;) METHODS
been identified in epidemiologic studies (1®). In experimental studies|| « RESULTS

with animals and humans, some components of cigarette smoke have - ggg_‘ﬁ;gég S

neurotoxic {28) or immunomodulatory (3=, 4@#) effects. Moreover, in

epidemiologic investigations, cigarette smoking has been associated with optic netronathy (5@ and
some autoimmune diseases, inciuding systemic lupus erythematosus (681, 7#1) and rheumatoid arthritis (8
ESET-12). Finally, cigarette smoking increases the frequency and duration of several respiratory
infections (13®), and infections are likely to be important in the etiology of MS, although specific agents
remain unidentified (1=).

L]

4

Early reports described an aggravation of MS symptoms after smoking.(145ERE1-17®). A few case-
control studies were also conducted (1 8amm-2 1®). The results of these studies were inconsistent, but
overall, they supported the existence of a modestly increased risk of MS among smokers. An increased
incidence of MS has been found among smokers in the only two prospective cohort studies that
examined this association of which we are aware (228, 23®), but these results were based on a relatively
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When the analyses were restricted to women under age 50 years in the NHS (all NHS II participants
were under age 50), the association between MS and smoking was somewhat strengthened. The pooled
RR for smokers of 25 pack-years or more was 2.0 (95 percent CI: 1.3, 3.0). Neither duration of smoking
nor age of starting smoking was significantly associated with the risk of MS in pooled analyses.

We repeated all analyses with a more restrictive case definition (i.e., only definite cases of MS) and
found associations similar to those reported above. Compared with never smokers, the pooled RRs were
1.6 (95 percent CI: 1.1, 2.2) for current smokers, 1.4 (95 percent CI: 1.0, 2.0) for past smokers, 1.2 (95
percent CI: 0.8, 1.8) for smokers of 1-9 pack-years, 1.6 (95 percent Cl: 1.2, 2.3) for smokers of 10-24
pack-years, and 1.9 (95 percent CI: 1.3, 2.8) for smokers of 25 or more pack-years (data not shown).

Further adjustment for longitude zone, alcohol and caffeine intakes, and body mass index exerted little
change on the results. The association between smoking status and diagnosis of MS was slightly
strengthened when information on smoking at baseline or 8 years before the diagnosis was used.

» DISCUSSION

« TOP

In these two large, prospective studies of US women, we founda 60 [[ = ABSTRACT

2o = « INTRODUCTION

percent greater incidence rate of MS among current smokers + MATERIALS AND METHODS
compared with never smokers. The incidence of MS increased with & RESULTS

the cumulative exposure to smoking. . gi_sl__(;“:;sg;g

The prospective design ensures that smoking history was assessed before the diagnosis of MS was made
and thus prevents a differential reporting of exposure to smoking between cases and noncases. There
remains the concern, though, that undiagnosed cases who experienced their first symptoms of MS might
have increased their smoking as a consequence of the symptoms. In fact, the opposite was true. The age-
adjusted rate of quitting smoking between first symptoms and diagnosis among women with MS was
higher than that among women without MS symptoms. This is consistent with the attenuation of the risk
we found when the most recent information on smoking prior to diagnosis was used as the exposure.
Further, when the analyses were restricted to cases with first symptoms after the baseline, we found
stmilar relative rates.

The majority of the diagnosing physicians were certified neurologists, which makes misclassification of
the diagnosis unlikely. A predisposition among neurologists toward diagnosing MS more frequently in
former and current smokers than in never smokers is also unlikely, given that smoking is not generally
considered a risk factor for the disease. We controlled for known and proposed MS risk factors
(especially latitude of residence) to minimize the possibility that the above association could be
spuriously induced by a common cause of both smoking and MS,

Two other prospective cohort studies have assessed the association between MS and smoking. In the
Oxford Family Planning Association Study (28), 17,032 White, married British women who attended
family planning clinics between 1968 and 1974 were followed through 1991. Although there were only
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63 new MS cases during the follow-up, a borderline significant linear trend between the number of
cigarettes smoked at baseline and the risk of MS was detected (p = 0.05) (22®). The estimated risk for
developing MS for women who smoked more than 15 cigarettes per day at baseline was 1.8 (95 percent
CI: 0.8, 3.6) times greater than that for never smokers. The Royal College of General Practitioners' Oral
Contraception Study was a cohort study conducted between 1968 and 1996 that identified 114 new MS
cases among the 46,000 married British women initially recruited (23®). The estimated risk for
developing MS among women who smoked more than 15 cigarettes per day at baseline was 1.4 (95
percent CI: 0.9, 2.2) times greater than that among never smokers. These numbers are similar to that
found in the NHS/NHS II.

On the other hand, the results of case-control studies have been conflicting. An Israeli study (183) that
included 241 prevalent MS cases (92 percent of all the cases identified in the country in 1960) and
randomly selected population controls found a significantly higher proportion of smokers before age at
onset among cases than among controls (44 vs. 36 percent, p = 0.02). Prevalence of current smoking was
similar in MS patients and controls in a British study (193), but this result is minimally informative
since many patients were likely to quit smoking because of the disease. No significant differences
regarding smoking within the year before onset of the disease were found between 100 MS patients and
100 controls in Alberta, Canada (208). The control group, however, partly comprised patients with
arthritis, a condition associated with smoking (8EBEERE-125), A case-control study from Ferrara, Italy,
did not find statistically significant differences regarding smoking in adolescence between 104 prevalent
MS cases and 150 controls (2 1m).

An accentuation of MS symptoms after smoking has been reported by several authors (145B5E-17, 29
#1¥-32®) and was described in the first edition of the classical textbook, Multiple Sclerosis (33®), but
the etiologic relevance of these observations is unknown.

How smoking may be related to the increased incidence of MS is unclear. The link might depend on the
immuno-modulatory effects of smoking, although the evidence is sketchy. Different components of
cigarette smoke may cause cither immunosuppression (¢.g., nicotine) or immuno-stimulation (e.g.,
tobacco glycoprotein) (3®, 4=). A predisposition to autoimmune fegﬁonses in smokers has been
suggested (34), and indeed, smoking has been found to be associated with an elevated risk of
developing some autoimmune diseases, such as rtheumatoid arthritis (3@ERE-128), systemic lupus
erythematosus (6@, 7®), Graves' disease (35, 36&)), and Crohn's disease (37®), but not others, such as

Hashimoto's thyroiditis (36®) and ulcerative colitis (37),

An alternative mechanism could involve a direct effect of cigarette smoke components on the blood-
brain barrier. Nicoting has been shown to increase microvascular blood flow on the brain (388, 39) and
to raise the influx of permeable solutes across the blood-brain barrier in rats (40m). Leakage of the
blood-brain barrier has been suggested as an initiating event in the development of MS (41®).

Another possibility is that some components of cigarette smoke may have direct toxic effects on the
central nervous system. Cyanide, a component of cigarette smoke (42®), for which levels in the blood—
and levels of its main metabolite, thiocyanate—are strongly correlated with amount of smoking (43®, 44

http://aje.oxfordjournals.org/cgi/content/full/154/1/69 3/4/2006
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Experimental data suggest that cigarette smoking may play a role in the development of multiple sclerosis
(MS), but epidemiologic studies have been small and inconclusive. The authors assessed the association
between MS incidence and smoking in two cohort studies of US women, the Nurses’ Health Study (121,700
women aged 30-55 years at baseling in 1976} and the Nurses’ Health Study Il (116,671 women aged 2542
years at baseline in 1989). Smoking history was assessed at baseline and updated on biennial questionnaires.
A total of 315 definite or probable cases of MS were documented. Compared with that for women who naver
smoked, the relative incidence rate was 1.6 (95% confidence interval: 1.2, 2.1} among current smokers and 1.2
(95% confidence interval: 0.9, 1.6} among past smokers after adjustment for age, latitude, and ancestry. The
relative rate increased significantly with cumulative exposure to smoking (p for trend < 0.05}, from 1.1 (95%
confidence interval: 0.8, 1.6) for 1-9 pack-years to 1.5 (95% confidence interval: 1.2, 2.1} for 10-24 pack-years
and 1.7 (95% confidence interval: 1.2, 2.4} for 25 or more pack-years. Similar results were obtained after
adjustment for other potential confounding factors. Although these prospective results do not prove a cause-and-
effect relation, they suggest that smoking is associated with an increased risk of MS. Am J Epidemiol
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cohort studies; multiple sclerosis; smoking

Environmental factors are likely (o play a prominent role
in the development ol multiple sclerosis (MS). but few such
factors have been identilied in epidemiologic studies (1). 1n
experimental studies with animals and humans, some com-
ponents of cigarette smoke have neurotoxic (2) or
immunomodulatory (3. 4) effects. Moreover, in epideniio-
logic investigations, cigarette smoking has been associated
wilh optic neuropathy (5) and some autoimmune diseases,
including systemic lupus erythematosus (6. 7) and rheuma-
toid arthritis (8—12). Finally. cigarette smoking increases the
frequency and duration of several respiratory inlections
{13), and inlections are likely to be important in the etiology
ol MS. although specific agents remain unidentified (1).

Early reports described an aggravation of MS symploms
aller smoking.(14-17). A few case-conirol sludies were also
conducted (18-21). The results of these studies were Incon-
sistent. but overall, they supported the existence of a mod-
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tion Novernber 29, 2000.

Abbreviations: Cl, corfidence interval; MS, multiple sclerosis;
NHS, Nurses’ Health Study; NHS 1l, Nurses’ Health Study II; RR, rel-
ative rate.
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estly increased risk of MS among smokers. An increased
incidence of MS has been found among smokers in the only
two prospective cohort studies that examined this associa-
tion of which we are aware (22, 23), bul these resulls were
based on a relatively small number ol cases and did not
altain traditional statistical significance. Furthermore, they
did not assess cumulative exposure Lo smoking.

We present below the association between smoking and
MS in two ongoing cohorl studies ol US women: the
Nurses” Health Study (NHS) and the Nurses™ Health Study
11 (NHS 1.

MATERIALS AND METHODS
Populaticn

The NHS was established 1n 1976, when 121,700 female
registered nurses from 11 states who were aged 30-55 years
responded (0 a mailed questionnaire about disease history
and lifestyle ilems. The NHS 11 was established in 1989,
when 116,671 lemale regisiered nurses {rom 14 slates aged
25-42 years responded o a similar questionnaire. Follow-
up queslionnaires are mailed (o the participants ol both stud-
ies every 2 years lo update information on potential risk
factors for chromie diseases and 1o ascertain whether major
medical events have occurred. A specilic question on the
lifetime occurrence of MS was first included in the 1992
(NHS) and 1991 (NHS 1I) questionnaires. A question on MS
diagnosis within the last 2 years was included in subsequent
questionnaires. Most MS cases diagnosed before 1992 in the
NHS had already been reporied through an open-ended



70 Hernan et al.

question on “Other major illness.” For this analysis, we
excluded women who had received a diagnosis of MS
before they answered the baseline questionnaire.

Case ascertainment

We requested permission 1o oblain relevant medical
records from all participants who reported a new diagnosis
of MS. Afler obtaining permission, we sent 1o the treating
neurologists a questionnaire on the certainly of the diagno-
sis (definite. probable. possible. not MS), clinical history.
and laboratory tests. I a neurologist was not involved or did
nol respond, we mailed the guestionnaire (o the palient’s
internist,

When standardized research criteria (24) lor the diagnosis
of MS were applied (o the clinical and laboratory data pro-
vided by the (reating physicians in the questionnaire, 93 per-
centl ol all definite and probable diagnoses were conlirmed.
Therelore, lor the purpose of the investigation, we conlinmed
as cases women who had had a diagnosis of definite or prob-
able MS according (o their physicians. We considered the cal-
egories clinically delinite or laboratory-supporied definile as
definite and the categories clinically probable or laboratory-
supported probable as probable. No upper age limit was sel
for the diagnosis ol MS.

Assessment of exposures

A detailed smoking history was oblained at the beginning
of the study and updated every 2 years. Smoking stalus was
defined as never, past, or current (il any amount ol current
smoking was reported). The cumulative exposure Lo cigarelle
smoking was summarized by multplying the number of
packs smoked per day (one pack contains 20 cigarelies) by
the number of years over which thal amount was smoked
(pack-years). We excluded {rom the analysis the 2-year peri-
ods for which a participant did not report her smolang status
(<1 percent of lotal person-time). Analyses restricted (o par-
ticipants who always reported their smoking status yielded
virtually identical results. An indirect validily assessment of
the information on smoking is provided by the strong dose-
response associations found between smoking and several
smoking-related diseases in the NHS and the NHS 11 (25, 26).

Other covariates that were considered in the analyses
imcluded latitude and ancestry. Details on the association of
MS with latitude and ancesiry in these cohorts have been
reported previously (27). We divided the continental United
States into north {states generally north of 41-42" north lat-
iude), south (states lying south of 37 south latitude). and
middle tlers, and into eastern, central, mountain, and Pacilic
zones. Information on the state of residence al age 15 years
was available from 73 percent of the women in the NHS and
from 80 percent of those in the NHS 11.

The participants were asked whether they had the follow-
ing ancesiries: African, Asian, Hispanic, Scandinavian,
southern European/Mediterranean, other Caucasian, or other
anceslry. We catlegorized participants as  Southern
European/Mediterranean or as Scandinavian when that was
the only ancestry reporled, as Other While when a mix(ure

of only Caucasian ancestries was reported, and as non-
White when African, Asian. or Hispanic ancestry was
reporled. Ancestry data were available for 83 percent of
women in the NHS and 99 percent in the NHS 11

Statistical analyses

Each participant contributed person-time of {ollow-up
from the date of return of the baseline questionnaire o the
date ol MS diagnosis, death from any cause, or end of Tollow-
up. whichever came first. For the rates presented here, end of
follow-up was June 1994 {or the NHS and June 1995 lor the
NHS 11. Age-speciflic incidence rales were calculaled as the
number of MS cases (definite and probable only) divided by
person-time of follow-up in each age group. To account for
possible changes in smoking habils afler the occurrence of
neurologic symptoms, we classified women according (o
smoking status and pack-years ol smoking 4 years before the
date ol diagnosis, when this was used in the analysis. For
example, a woman diagnosed between the 1986 and 1988
questionnaires was classified according (o her smoking status
i 1982, We also performed separate analyses according o
the date of first symploms, delined as the earliest date at
which neurologic symploms altribulable (o MS were reported
by the participant or her physician. In those analyses. wonmen
who reported that their symptoms starled belore the baseline
questionnaire were excluded.

We used time-dependent Cox proportional hazards regres-
sion 1o estimale incidence rates and 95 percent conflidence
mtervals for smoking status and pack-years ol smoking.
adjusted for age. ancestry. and latitude. The proportional haz-
ards assumplion was approximalely met in all models. A Wald
test, in which the squared dillerence between the log relative
rates in the NHS and the NHS 11 was divided by the sum of
the variances ol each of the log relative rates, was used 10 test
for heterogeneily of relative rales between the (wo studies.
Log relative rates [rom the (wo studies were weighled by the
mverse of their variances 1o oblain a pooled estimate.

RESULTS

We documented 181 new physician-conlirmed diagnoses
of MS (127 definite and 54 probable) during the 18 years of
follow-up in the NHS and 134 (103 definite and 31 proba-
ble) during the 6 years of Tollow-up in the NHS 11. There
were 108 MS cases (79 definile and 29 probable) in the NHS
and 88 (67 definite, 21 probable) in the NHS 1L with first
symploms during the follow-up period.

The age-adjusted distribution of latitude of residence at
age 15 years and ancestry by smoking status al baseline is
displayed in table 1. Compared with never smokers, there
was a higher proportion of smokers that resided in the north
tier al age 15 years. No substantial differences regarding
ancesiry were found.

In both cohorts, smoking 4 years belore the diagnosis was
associated with an increased incidence of MS (lable 2). The
pooled relative rate (RR) lor current smokers compared with
never smokers was 1.6 (95 percent conlidence nterval (Cl):
1.2, 2.1y alter adjustment for age, latitude, and ancesiry.

Am J Epidemic! Vol. 154, No. 1, 2001
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TABLE 1. Distribution of residence and ancestry among
women in the Nurses’ Health Study (1976-1994) and the
Nurses’ Health Study Il (1989-1995), by smoking status

4 years before baseline*

Smoking status

MNever Past Current
smoker smoker smcker
NHST
No. of women 52,889 21,918 46,342
Age at baseline {mean) 42.9 43.6 42.8
Residence in north tier
at age 15 years (%) 37.6 45.0 44.9
Scandinavian ancestry (%) 4.4 4.4 3.9
Southern European-
Mediterranean ancestry (%) 15.2 15.1 14.7
NHS It
No. of women 75,749 16,909 23,457
Age at baseline {mean) 34.0 36.6 34.0
Residence in north tier
at age 15 years (%) 3.7 39.5 38.7
Scandinavian ancestry (%) 4.6 4.1 4.3
Southern European-
Mediterranean ancestry (%) 13.5 14.9 14 .4

* Each category is directly standardized to the baseline age
distribution of the corresponding cohaort.
T NHS, Nurses’ Health Study; NHS 1I, Nurses’ Health Study 1.

The pooled RRs were 1.7 (95 percent CIL: 1.1, 2.4) for smok-
ers of [-14 cigarettes per day. 1.2 (95 percent Cl: 0.8, 1.8)
for smokers of 15-24 cigareties per day. and 2.2 (95 percent
Cl: 1.5, 3.2) for smokers of 25 or more cigaretles per day

compared with never smokers. The pooled RR for past
smokers was 1.2 (95 percent Cl: 0.9, 1.6). and there were no
differences by time since quitling smoking. Similar relative
rales were oblained lor first symptoms of MS: 1.5 (95 per-
cent CL: 1.0, 2.1) for current smokers and 1.0/ (95 percent CL:
0.7. 1.5) for past smokers versus never smokers.

The ncidence of MS increased with the number of pack-
years simoked up (o 4 years belore the diagnosis (p lor trend <
0.05, table 3). Smokers ol 25 or more pack-years had the high-
esl increase in the incidence of MS compared with never
smokers (pooled RR = 1.7, 95 percent Cl: 1.2, 2.4) alter
adjustment lor age, latitude, and ancestry. The comparable RR
for first symploms of MS was 1.5 (95 percent CL: 0.9, 2.3).

When the analyses were restricled lo women under age 50
years in the NHS (all NHS 1l participants were under age
30). the association between MS and smoking was some-
whal strengthened. The pooled RR [or smokers ol 25 pack-
years or more was 2.0 (95 percent Cl: 1.3, 3.00. Neither
duration of smoking nor age of staring smoking was signif-
icantly associated with the risk of MS in pooled analyses.

We repeated all analyses with a more restrictive case del-
inition (i.e., only delinile cases of MS) and lound associa-
tions similar to those reported above. Compared with never
smokers. the pooled RRs were 1.6 (95 percent CL: 1.1, 2.2)
for current smokers, 1.4 (95 percent Cl: 1.0, 2.0) Tor past
smokers, 1.2 (95 percent Cl: 0.8, 1.8) lor smokers of -9
pack-years. 1.6 (95 percent CL: 1.2, 2.3) for smokers of
10-24 pack-years, and 1.9 (95 percent CL: 1.3, 2.8) lor
smokers of 25 or more pack-years (data not shown).

Further adjustment for longitude zone, alcohol and cafleine
intakes. and body mass index exerted litle change on the
resulls. The associalion belween smoking status and diagno-

TABLE 2. Relative rates and 95% confidence intetvals for diagnosis of multiple sclerosis by smoking
status 4 years before the diagnosis, Nurses’ Health Study (1976-1994) and Nurses’ Health Study I

(1989-1995)

No. Age- i
S;?aotkh:gg o Pjeig_ adjugsted Multivariate analyilsT ,
cases RR: RR 95% ClI

NHS* §

Never smoker B2 916,954 1.0 1.0

Past smoker 57 559,769 15 1.5 1.0, 21

Current smoker B1 638,197 1.4 1.4 1.0, 21
NHS [11+,§

Never smoker 77 422 734 1.0 1.0

Past smoker 22 114,527 09 0.9 06,15

Current smoker 35 111,429 1.7 1.8 12,27
Pooledq]

Never smoker 1.0 1.0

Past smoker 1.3 1.2 09,186

Current smoker 15 1.6 1.2, 21

* RR, relative rate; Cl, confidence interval; NHS, Nurses’ Health Study; NHS II, Nurses’ Health Study Il
1 Adjusted for age (5-year categories), latitude tier (north, middle, south), and ancestry (Scandinavian,

southern European, other White, and non-White).

1 Smoking status was missing for 5,455 person-years, including one case.

§& Smaoking status was missing for 940 person-years.

9 p values from Wald tests for heterogeneity of multivariate RRs were 0.13 and 0.44 for past and current

smokers, respectively.

Am J Epidemiol Vol. 154, No. 1, 2001
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TABLE 3. Relative rates and 95% confidence intervals for diagnosis of multiple sclerosis by pack-years
of smoking up to 4 years before the diagnosis for current and past smokers combined, Nurses® Health
Study (1976-1994) and Nurses’ Health Study Il (1989-1995)

Pack years '\é'?r Persan acﬁEset;ad Multivariate analysist fgr fﬁO’r
cases years RR* RR 95% CI’ trendt trend§
NHS= 9]
Never smoker 62 916,954 1.0 1.0
1-9 26 270,505 1.3 12 0.8,1.9
10-24 50 378,951 1.8 1.8 12,286
=25 42 533,737 1.4 1.4 0.9,20 0.07 0.61
NHS 11+.9]
Never smoker 77 422,734 1.0 1.0
1-9 17 97,235 1.0 1.0 0.6,1.6
10-24 25 102,067 1.3 1.3 0.8, 20
=25 15 25,029 2.7 2.7 15,48 <0.01 <(0.01
Pooled#
Never smoker 1.0 1.0
1-9 1.1 1.1 0.8,1.6
10-24 1.6 1.5 1.2, 2.1
=25 1.7 1.7 12,24 <0.01 0.04

* RR, relative rate; Cl, corfidence interval; NHS, Nurses’ Health Study; NHS I, Nurses’ Health Study Il

1 Adjusted for age (5-year categories), latitude tier {north, middle, south), and ancestry (Scandinavian,
southern European, other White, and non-White).

I Test for trend determined by modeling pack-years as a continuous variable with never smokers as zero.

§ Test for trend determined by modeling pack-years as a continuous variable after excluding never smokers.

9 NHS: 20,588 person-years, including one case with missing pack-years information. NHS II: 2,565 person-
years with missing pack-years information.

# pvalues from Wald tests for heterogeneity of multivariate RRs were 0.51, 0.29, and 0.06 for 1-9, 10-24 and

=25 pack-years, respectively.

sis o MS was slightly strengthened when inlormation on
smoking at baseline or § years before the diagnosis was used.

DISCUSSION

In these two large, prospective studies of US women, we
found a 60 percent greater incidence rate of MS among cur-
rent smokers compared with never smokers. The incidence
of MS increased with the cumulative exposure 1o smoking.

The prospective design ensures that smoking history was
assessed belore the diagnosis of MS was made and thus pre-
venls a dilferential reporting of exposure (o smoking belween
cases and noncases. There remains the concern, though. that
undiagnosed cases who experienced their first symploms of
MS might have increased their smoking as a consequence of
the symploms. In fact, the opposile was true. The age-
adjusted rate of quiting smoking between [irst symploms and
diagnosis among women with MS was higher than that
among women without MS symptoms. This is consistent with
the attenuvation ol the risk we found when the most recent
mformation on smoking prior (o diagnosis was used as the
exposure. Further, when the analyses were restricled (o cases
with first symploms aller the baseline, we found similar rela-
tve rales,

The majority of the diagnosing physicians were certiflied
neurologists. which makes misclassification of the diagnosis
unlikely. A predisposition among neurologists toward diag-

nosing MS more frequently in former and current smokers
than in never smokers is also unlikely. given that smoking is
nol generally considered a risk faclor lor the disease. We
controlled for known and proposed MS risk laclors (espe-
cially latitude of residence) to nuninuze the possibality that
the above association could be spuriously induced by a com-
mon cause ol both smoking and MS.

Two other prospectlive cohort studies have assessed the
association belween MS and smoking. In the Oxlord Family
Planning Association Study (28), 17.032 White. married
British women who allended [lamily planning clinics
between 1968 and 1974 were [lollowed through 1991,
Although there were only 63 new MS cases during the
follow-up. a borderline significant linear trend between the
number of cigarelles smoked al baseline and the risk of MS
was detected (p = 0.05) (22). The estimated risk {or devel-
oping MS flor women who smoked more than 15 cigarelles
per day at baseline was 1.8 (95 percent Cl: 0.8, 3.6) times
grealer than thal Tor never smokers. The Royal College of
General Practitioners™ Oral Contraception Study was a cohort
study conducted between 1968 and 1996 that identilied 114
new MS cases among the 46,000 married British women ini-
tially recruited (23). The estimated risk for developing MS
among women who smoked more than 15 cigareltes per day
al baseline was 1.4 (95 percent CL: 0.9, 2.2) times grealer
than that among never smokers. These numbers are similar (o
that Tound in the NHS/NHS 11.
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On the other hand, the results of case-control studies
have been conflicting. An Israeli study (18) that included
241 prevalent MS cases (92 percent ol all the cases identi-
fied in the country in 1960) and randomly selecled popula-
tion controls found a significantly higher proportion of
smiokers before age al onsel among cases than among con-
trols (44 vs. 36 percent, p = 0.02). Prevalence ol current
smoking was sinular in MS patients and controls in a
British study (19). but this result is minimally informative
since many patients were likely (o quil smoking because of
the disease. No significant differences regarding smoking
within the year belore onsel ol the disease were lound
between 100 MS patients and 100 controls in Alberta,
Canada (20). The control group, however, parlly com-
prised patients with arthritis, a condition associated with
smoking (8-12). A case-control study from Ferrara, lialy,
did not find statistically significant differences regarding
smoking i adolescence between 104 prevalent MS cases
and 150 controls (21).

An accentuation of MS symploms after smoking has
been reporled by several authors (14-17, 29-32) and was
described in the frst edition ol the classical textbook,
Multiple Sclerosis (33), but the etiologic relevance of these
observations is unknown.

How smoking may be relaled (o the increased incidence
of MS is unclear. The link nught depend on the immuno-
modulatory effects of smoking, although the evidence is
sketchy. Different components of cigarette smoke may
cause either immunosuppression {e.g., nicoling) or immuno-
stimulation (2.g.. tobacco glycoprotein) (3, 4). A predisposi-
tion 1o auloimmune responses in smokers has been
suggested (34). and indeed. smoking has been found to be
associaled with an elevaled risk ol developing some autoim-
mune diseases. such as rheumatoid arthritis (8-12). systenic
lupus erythematosus (6. 7). Graves™ disease (35, 36). and
Crohn’s disease (37), but not others, such as Hashimolo's
thyroiditis (36) and ulcerative coliis (37).

An allernative mechanism could involve a direct eflect of
cigarelte smoke componenls on the blood-brain barrier.
Nicotine has been shown (o increase microvascular blood
[Tow on the brain (38, 39) and (o raise the influx of perme-
able solutes across the blood-brain barrier in rats ().
Leakage of the blood-brain barrier has been suggested as an
imtating event in the development of MS (41).

Another possibility 1s that some components of cigaretle
smoke may have direct toxic elfects on the central nervous
system. Cyanide, a component of cigarelle smoke (42). for
which levels in the blood—-and levels of its main metabo-
lite, thiocyanate—are strongly correlated with amount of
smoking (43, 44), has long been known Lo cause demyelina-
tion in the central nervous system of animals administered
comparatively large (45-55). and possibly also lower (2,
56), doses. Demyelination is produced more successiully
with repeated doses ol cyanide than with one single, mas-
sive dose. This compound has also been implicated in epi-
demics of ropical spastic paraparesis (57, 58) and optic neu-
ropathy (5, 39), diseases thal share some clinical leatures
with MS but that are characterized by symmetric tilateral
symploms and no history of relapses (35, 60).
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Smoking might also increase the risk of MS by increasing
the frequency and persistence of respiratory infections (13).
For example, some reports (61) describe an association
between Chlamyvdia prnewmoniae inlection and MS, and it
has been shown that C. prrermoniae-specific antibodies are
higher in smokers than in nonsmokers (62, 63). However,
this association has not been confirmed (64), and the rele-
vance of any of these or other mechanisms (o the associalion
between smoking and MS remains (o be established.

In summary, in two prospective studies ol US women, we
have found that the incidence of MS was higher [or cigaretle
smiokers compared with never smokers and increased with
cumulative exposure (o smoking. Although the biologic
basis for the link between smoking and MS remains 1o be
elucidated, these resulls suggest that smoking may increase
the risk of developing MS.
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