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Objective: Many case-control and cross-
sectional studies have observed an asso-
ciation with cigarette smoking after the on-
set of schizophrenia, and there is evidence
to suggest that smoking may improve
symptoms in people with this disorder.
Here, the authors investigated whether
cigarette smoking alters the risk of subse-
quently developing schizophrenia. No lon-
gitudinal studies have previously exam-
ined this relationship.

Method: A cohort of 50,087 Swedish con-
scripts (98% were ages 18-20) was fol-
lowed up by record linkage to the National
Register of Inpatient Care from 1970 to
1996 to determine hospital admission for
schizophrenia. Cox regression was used to
obtain hazard ratios and 95% confidence
intervals (Cls) for schizophrenia, according
to smoking status.

Results: Smoking cigarettes at ages 18-20
was associated with a lower rate of devel-
oping schizophrenia after adjustment for
confounders. There was a linear relation-

ship between the number of cigarettes
smoked and a lower risk of schizophrenia
(adjusted hazard ratio for linear trend
across smoking categories, 0.8 [95% Cl=
0.7-0.9]), with an adjusted hazard ratio for
heavy smokers of 0.5 (95% C1=0.3-0.9)
compared to that of nonsmokers. This as-
sociation persisted when analysis was re-
stricted to subjects diagnosed after the first
5 years following conscription to reduce
possible prodromal effects of schizophre-
nia on smoking.

Conclusions: Cigarette smoking may be
an independent protective factor for de-
veloping schizophrenia. These results are
consistent with animal models showing
both neuroprotective effects of nicotine
and differential release of prefrontal dopa-
mine in response to nicotine. The harmful
effects of cigarette smoking vastly out-
weigh any possible benefits, but neverthe-
less, further investigation may lead to im-
portant insights regarding the etiology of
schizophrenia at a molecular level.

(Am J Psychiatry 2003; 160:2216-2221)

Ellowing the onset of schizophrenia, an association
with cigarette smoking has often been observed, with
most studies reporting a 1.5-2.5-fold increase in smoking
frequency compared to that of the general population and
an approximately 1.5-fold increase when compared to
other psychiatric diagnoses (1-5). The most common ex-
planation for this association is that people suffering from
schizophrenia smoke to reduce or alleviate their symp-
toms in some way. In support of this hypothesis, a number
of studies have found improvements in selective attention
and in neurophysiological deficits in people with schizo-
phrenia following cigarette smoking (6, 7).

However, it has also been suggested that smoking may it-
self be an independent risk factor for schizophrenia (5, 8),
and a number of studies have found that 85%-90% of peo-
ple with schizophrenia claim to begin smoking before the
onset of their illness (1, 5, 9). However, these findings might
result from recall bias or from reverse causality, whereby
smoking initiation occurs during an insidious prodrome of
the illness before diagnosis. The possibility that confound-
ing is present in the studies to date is also reasonably
strong given that few of them adjusted for factors such as
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personality or substance misuse that show strong associa-
tions with both schizophrenia and smoking (10-12).

Our objective in this study was to investigate whether an
association exists between smoking at age 18 and subse-
quent development of schizophrenia within a Swedish
conscript cohort while adjusting for potential confound-
ers. We are not aware of any previously published results
from a cohort study that have addressed this question.

Method

Subjects

The cohort consisted of 50,087 men (of whom 49,321 were ages
18-20) conscripted into the Swedish army during 1969-1970. Only
2%-3% of the male population were excused from conscription
due to severe mental or physical handicap. The conscription pro-
cedure included tests of personality and intelligence and self-ad-
ministered questionnaires on family, social background, behavior
during adolescence, and substance use. Smoking was recorded as
one of four categories according to the number of cigarettes
smoked per day: nonsmokers, light smokers (1-10 cigarettes/day),
medium smokers (11-20 cigarettes/day), and heavy smokers (>20
cigarettes/day). Only 3% of the group had data missing for one or
more of the self-reported questions, while less than 2% had data
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missing for smoking. Details of the procedure and results of stud-
ies of its validity have been previously reported (13).

All subjects underwent a structured interview conducted by a
psychologist, and those reporting psychiatric symptoms were in-
terviewed by a psychiatrist and given an ICD-8 diagnosis where
applicable. All subjects were made anonymous, and permission
to use the database was granted by the Karolinska Institute Re-
search Ethics Committee and the Swedish Data Inspection Board.
Thirty-four cases of psychosis diagnosed at conscription were ex-
cluded from the study.

Follow-Up

The Swedish National Register of Inpatient Care recorded ap-
proximately 70% of all admissions in 1970, increasing to 83% in
1973. Starting in 1974, the coverage was more than 97%. The link-
age reported here was from 1970 until 1996. During the period
1984-1986, information is missing for a few counties, but this is
unlikely to have affected the results in any way. Patients were
given clinical diagnoses according to the Nordic version of ICD-8
(ICD-9 from 1987). Outcomes investigated were schizophrenia
(codes 295.00-295.99) and other psychoses (including alcoholic,
affective, drug-induced, and paranoid).

Analysis

Cox regression was used to calculate hazard ratios and 95%
confidence intervals (Cls) for schizophrenia, given a smoking his-
tory at age 18, both before and after adjustment for potential con-
founders. Cox regression rather than logistic regression was used,
as it was possible that differential mortality in smokers and non-
smokers could bias the results. The proportional hazard assump-
tions were tested by examination of Nelson-Aelen cumulative
hazard function plots and investigation of Schoenfeld residuals.

Previous research on this cohort found that IQ, cannabis use,
personality variables concerned with interpersonal relationships
and social integration, psychiatric diagnosis at conscription, and
place of upbringing were all associated with schizophrenia (14—
19). Therefore, these were included as potential confounders in
the regression model. Disturbed behavior in childhood, father’s
occupation, family psychiatric history, family economy, and his-
tory of alcohol problems were also considered to be potential
confounders and included in the analysis.

The variable for disturbed behavior in childhood was a summed
score of questions regarding truancy, misconduct marks, running
away from home, and contact with police from the self-reported
questionnaire. The variable relating to poor social integration as an
aspect of personality was a summed score of questions regarding
number of close friends, history of relationships with women, and
sensitivity of the individual. These questions were selected follow-
ing factor analysis of over 40 questions relating to childhood and
adolescent behavior from one of the questionnaires.

The subjects were also stratified into those diagnosed within 5
years of conscription (0-5 years) and those diagnosed after this
time (25 years) in order to investigate possible effects of a pro-
drome at the time of conscription.

Results

Schizophrenia

Of 50,053 subjects, 362 (0.70%, 95% CI=0.65%-0.80%)
were diagnosed as having schizophrenia by 1996. Data re-
garding smoking was missing for 12 (3.3%) of those devel-
oping schizophrenia and for 823 (1.7%) of the comparison
subjects (x%=5.9, df=1, p=0.02). Overall, 59% (95% CI=58%—
59%) of the cohort reported current smoking, which is in
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keeping with smoking rates for young men in Sweden dur-
ing this time period (20).

Ten variables were included as potential confounders in
all the adjusted analyses, and a summary of these in rela-
tion to smoking status is presented in Table 1. For the
purposes of this table only, social integration, disturbed
behavior, 1Q, and family economy were treated as dichoto-
mous variables by using the 10th percentile as a cutoff
point for coding. All confounders were associated with
smoking status at p<0.001. For all analyses, IQ, drug use,
and poor social integration contributed most to confound-
ing. Adjusting for family history, place of upbringing, fa-
ther’s occupation, and family economy made virtually no
difference to the final adjusted results.

Before adjustment, 0.74% (95% CI=0.65%-0.85%) of
smokers and 0.68% (95% CI=0.57%-0.81%) of nonsmokers
developed schizophrenia during the 27-year follow-up pe-
riod (hazard ratio=1.1, 95% CI=0.9-1.3, p=0.44). In the first
5 years after conscription, 0.24% of smokers and 0.14% of
nonsmokers developed schizophrenia (hazard ratio=1.7,
95% CI=1.1-2.6, p=0.02). However, in the years following
this initial 5-year period, 0.50% of smokers and 0.54% of
nonsmokers developed schizophrenia (hazard ratio=0.9,
95% CI=0.7-1.2, p=0.61).

The results for all subjects who developed schizophre-
nia are presented in Table 2. There was no association be-
tween smoking and schizophrenia in the crude analysis,
but following adjustment for confounders, cigarette smok-
ing at age 18 was associated with a lower risk of developing
schizophrenia in both medium and heavy smokers, with
an adjusted hazard ratio for linear trend across the four
smoking categories of 0.8 (95% CI=0.7-0.9, p=0.002).

For subjects developing schizophrenia within 5 years of
conscription (Table 3), smoking was associated with a
higher risk of developing schizophrenia in the crude anal-
ysis, but this association was no longer statistically signifi-
cant following adjustment, with an adjusted hazard ratio
for linear trend of 0.9 (95% CI=0.7-1.1, p=0.31).

For subjects developing schizophrenia 5 years or more
after conscription (Table 4), a crude hazard ratio sug-
gested a possible protective association of smoking. Fol-
lowing adjustment, there was a significant reduction in
risk of developing schizophrenia in both medium and
heavy smokers, with an adjusted hazard ratio for linear
trend of 0.8 (95% CI=0.7-0.9, p=0.003).

Other Psychoses

The development of any psychotic illness (rather than
schizophrenia, specifically) was also investigated. There
were 446 subjects who received diagnoses of other (non-
schizophrenia) psychoses. There was a significant increase
overall in diagnosis of a psychotic illness other than schizo-
phrenia in smokers compared to nonsmokers (linear trend
crude hazard ratio=1.2, 95% CI=1.1-1.3, p<0.001), but this
effect was eliminated after adjustment (linear trend ad-
justed hazard ratio=1.0, 95% CI=0.9-1.1, p=0.71). For sub-
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TABLE 1. Confounders in Risk of Developing Schizophrenia Among Nonsmokers and Smokers in a Cohort of Conscripts and

Individually Adjusted Hazard Ratios for Change in Risk?

Individually Adjusted Hazard Ratio for Change in Risk of

Nonsmokers Smokers? Developing Schizophrenia Any Time After Conscription

(N=20,371) (N=28,867) for Each Increase in Smoking Frequency Category®©
Confounder N % N % Hazard Ratio 95% Cl
Poor social integration 682 3 432 2 1.1 1.0-1.2
Diagnosis? at conscription 1,482 7 3,644 13 0.9 0.8-1.0
Drug use 2,174 11 8,835 31 09 0.8-1.0
Low I1Q 3,134 15 3,134 i 09 0.8-1.1
Disturbed behavior 527 3 3,710 13 0.9 0.8-1.0
Family history 5,785 28 9,923 34 1.0 0.9-1.1
Alcohol problems 983 5 4,017 14 1.0 0.9-1.1
Grew up in city 4,006 20 6,299 22 1.0 0.9-1.1
Low family socioeconomic status 1,909 9 2,943 10 1.0 0.9-1.1
Father an unskilled laborer 4,255 21 6,368 22 1.0 0.9-1.1

a A total of 849 subjects had data missing for smoking status.

b For all variables, the difference between smokers and nonsmokers was significant at p<0.001 (likelihood ratio test).
¢ Crude hazard ratio of developing schizophrenia for linear trend of smoking frequency categories=1.0 (95% C1=0.9-1.1).

d Excluding psychotic or learning disability.

TABLE 2. Relation of Cigarette Consumption to Risk of Developing Schizophrenia in a Cohort of Conscripts Any Time After

Conscription

Subjects Who Developed Schizophrenia

Crude Hazard Ratio Adjusted Hazard RatioP

Variable Number in Cohort? N % Ratio 95% Cl Ratio 95% ClI
Number of cigarettes
smoked per day
0 20,188 138 0.68 1.0¢ 1.0¢
1-10 15,589 124 0.80 1.2 0.9-1.5 1.0 0.8-1.3
11-20 11,239 73 0.65 1.0 0.7-1.3 0.7 0.5-0.9
>20 1,756 15 0.85 1.2 0.7-21 0.5 0.3-0.9
Nonsmokers 20,188 138 0.68 1.0¢ 1.0¢
Smokers 28,584 212 0.74 1.1 0.9-1.3 0.8 0.7-1.1
Linear trend 1.0 0.9-1.1 0.8 0.7-0.9

2 Total N=48,772, since subjects with missing smoking data or other psychoses were excluded.
b Adjusted for diagnosis at conscription, poor social integration, 1Q, drug use, disturbed behavior, father’s occupation, place of upbringing,
family socioeconomic status, family psychiatric history, and alcohol problems.

¢ Baseline measure.

jects developing nonschizophrenia psychoses within 5
years of conscription, there was no significant association
with smoking (linear trend adjusted hazard ratio=0.9, 95%
CI=0.6-1.3, p=0.63). Similarly, in subjects diagnosed after
the initial 5-year period, there was no suggestion of a dose-
dependent protective effect of smoking (linear trend ad-
justed hazard ratio=1.0, 95% CI=0.9-1.2, p=0.60).

Discussion

In this study, smoking in men during late adolescence
was associated with a lower risk of subsequently develop-
ing schizophrenia over a 27-year follow-up period. After
adjustment, the heaviest smokers had the least risk of de-
veloping schizophrenia.

Analysis of other psychotic illnesses (including affective
psychoses and substance-induced psychoses) did not
show the same association with smoking, suggesting that
smoking may have a rather specific effect in reducing the
development of schizophrenia but not of other psychotic
disorders.

In subjects developing schizophrenia in the initial 5-
year period following conscription, smoking was associ-
ated with a higher risk of schizophrenia in the crude anal-
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ysis but was associated with a nonsignificantly lower risk
after adjustment for confounders. The small group in this
restricted analysis may have reduced its statistical power.
However, individuals diagnosed in the first 5 years may
have already been suffering from prodromal symptoms at
the time of conscription (21) and therefore may have been
smoking to alleviate those symptoms (2).

In subjects who developed schizophrenia after the first 5
years after conscription, where prodromal effects of the
disorder at conscription would be reduced, statistically
significant reductions in the hazard ratios for developing
schizophrenia were observed for both medium and heavy
smokers, with a significant reduction in the adjusted haz-
ard ratio for linear trend. The 95% CIs for heavy smokers
ranged from 0.2 to 0.9. This means that the effect of smok-
ing heavily could result in as little as a 10% reduction in
risk to as much as an 80% reduction in risk of schizophre-
nia. The smaller number of subjects in this subgroup is
reflected in the uncertainty of the precision estimate. The
CIs for linear trend of smoking in this >5-year group
ranged from 0.7 to 0.9, indicating that, at the very least,
each incremental increase in smoking was associated with
a 10% reduction in the risk of schizophrenia. Although the
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TABLE 3. Relation of Cigarette Consumption to Risk of Developing Schizophrenia in a Cohort of Conscripts 0-5 Years After

Conscription

Subjects Who Developed Schizophrenia

Crude Hazard Ratio Adjusted Hazard RatioP

Variable Number in Cohort? N % Ratio 95% Cl Ratio 95% CI
Number of cigarettes
smoked per day
0 20,188 29 0.14 1.0¢ 1.0¢
1-10 15,589 40 0.26 1.8 1.1-29 1.4 0.9-23
11-20 11,239 22 0.20 1.4 0.8-2.4 0.8 0.4-1.4
>20 1,756 6 0.34 2.4 1.0-5.7 0.7 0.3-1.9
Nonsmokers 20,188 29 0.14 1.0¢ 1.0¢
Smokers 28,584 68 0.24 1.7 1.1-2.6 1.1 0.7-1.8
Linear trend 1.2 1.0-1.5 0.9 0.7-1.1

2 Total N=48,772, since subjects with missing smoking data or other psychoses were excluded.
b Adjusted for diagnosis at conscription, poor social integration, 1Q, drug use, disturbed behavior, father’s occupation, place of upbringing,
family socioeconomic status, family psychiatric history, and alcohol problems.

¢ Baseline measure.

TABLE 4. Relation of Cigarette Consumption to Risk of Developing Schizophrenia by a Cohort of Conscripts >5 Years After

Conscription

Subjects Who Developed Schizophrenia

Crude Hazard Ratio Adjusted Hazard RatioP

Variable Number in Cohort? N % Ratio 95% CI Ratio 95% Cl
Number of cigarettes
smoked per day
0 20,159 109 0.54 1.0¢ 1.0¢
1-10 15,549 84 0.54 1.0 0.8-1.3 09 0.7-1.2
11-20 11,217 51 0.45 0.8 0.6-1.2 0.6 0.4-0.9
>20 1,750 9 0.51 1.0 0.5-1.9 0.4 0.2-0.9
Nonsmokers 20,159 109 0.54 1.0¢ 1.0¢
Smokers 28,516 144 0.50 09 0.7-1.2 0.8 0.6-1.0
Linear trend 09 0.8-1.1 0.8 0.7-0.9

4 Total N=48,675, since subjects with missing smoking data, other psychoses, or schizophrenia in years 0-5 were excluded.
b Adjusted for diagnosis at conscription, poor social integration, 1Q, drug use, disturbed behavior, father’s occupation, place of upbringing,
family socioeconomic status, family psychiatric history, and alcohol problems.

¢ Baseline measure.

results suggest the presence of a dose-dependent effect of
smoking, the small number of subjects in the heaviest
smoking group meant that the results could also be com-
patible with a lower risk for medium and heavy smokers
that is not necessarily dose dependent.

All crude hazard ratios were reduced or even reversed af-
ter adjustment for confounders, emphasizing that smokers
have a number of characteristics that are also associated
with schizophrenia and that these should be adjusted in
other studies that aim to investigate this relationship. IQ
and drug use had the greatest effect in reducing the crude
hazard ratios. Poor social integration was an exception to
this rule in that adjusting for this variable increased the
crude hazard ratios as a result of the positive association
between smoking and greater sociability. Although we be-
lieve the questions relating to poor social integration give a
reasonable estimate of sociability in our group, personality
traits are difficult to measure accurately, and the possibility
of residual confounding cannot be excluded.

As for alternative explanations, chance, reverse causa-
tion, and selection bias are unlikely to account for the as-
sociation, given the design of the study. Outcome misclas-
sification is also likely to be low since the diagnosis of
schizophrenia in Sweden has been shown to have high
specificity (22, 23) and because over 90% of people with
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schizophrenia are admitted to the hospital at some point
during their illness (24).

The main limitation of this study is that data regarding
exposure and confounders was only available for one point
in time. Therefore, individuals who started smoking after
conscription or smokers who gave up smoking after con-
scription would have been misclassified. Approximately
85% of smokers start smoking before the age of 19, and
during the period from 1975 until 1996, approximately 20%
of male smokers in Sweden stopped smoking (20, 25). Mis-
classification is therefore likely to be comparatively low
and nonbiased in relation to schizophrenia, given the co-
hort design. Nondifferential misclassification tends to re-
duce the size of any association toward the null, so if such
misclassification were present, the size of the protective ef-
fect of smoking may be underestimated in this study. Fur-
ther studies that have longitudinal data on smoking as well
as data on important confounders would help to investi-
gate this association further.

It is possible, therefore, that smoking may act as an in-
dependent protective factor for schizophrenia. Epidemio-
logical studies suggest that smoking may also be protec-
tive in Parkinson’s disease (26). Reports from case-control
studies that smoking could also reduce the risk of Alzhei-
mer’s disease are not supported by findings from cohort
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studies, highlighting potential problems of bias particu-
larly inherent in case-control designs (27).

Both in vivo and in vitro studies support a neuroprotec-
tive effect of nicotine in animal models (28), while similar
protective effects have been reported for monoamine oxi-
dase inhibitors and related compounds that are also found
in tobacco smoke (29, 30). The neuroprotective effects of
nicotine seem to be mediated by means of 0432 and o7
nicotinic acetylcholine receptor subtypes (28). Evidence
supporting genetic linkage for schizophrenia has also
been reported on chromosome 15 in the region of the o7
nicotinic acetylcholine receptor (31). Nicotine has wide-
spread effects on diverse neurotransmitter pathways,
including glutamatergic and dopaminergic systems, by
means of activation of a7 nicotinic acetylcholine recep-
tors (28, 32). Schizophrenia is associated with both an
increase in dopamine activity in the mesolimbic system
(believed to underlie positive symptoms such as halluci-
nations) and a decrease in activity in the prefrontal cortex
(that correlates with negative symptoms such as amotiva-
tion) (33). It has been hypothesized that nicotine may re-
duce negative symptoms in schizophrenia by preferen-
tially increasing dopamine release in the prefrontal cortex
compared to other areas of the brain, as indeed is ob-
served in animal models (32, 34). Although a nonbiologi-
cal explanation is possible, a biological mechanism seems
more plausible for the reduced risk of schizophrenia in
smokers, given the observations described.

The small number of cases of schizophrenia in the heavy
smoking group means that caution must be applied to the
interpretation of these results. This is particularly true
given that cigarette smoking has a wide range of harmful
effects on physical health that would certainly outweigh
any possible beneficial effects on schizophrenia. Never-
theless, these findings may help clarify the relationship
between smoking and schizophrenia and lead to an im-
proved understanding of the molecular mechanisms un-
derlying the etiology of this disorder.
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