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Objective: The prevalence of cigarette
smoking among schizophrenia patients is
significantly higher than in the general
population; this may reflect self-medica-
tion of symptoms and/or adverse effects of
neuroleptics. The authors examined the
prevalence of cigarette smoking in appar-
ently healthy adolescents later hospital-
ized for schizophrenia.

Method: Each year, a random sample of
male Israeli military recruits, who have
been screened and found not to be suf-
fering from major psychopathology, com-
plete a smoking questionnaire. Through
the Israeli National Psychiatric Hospital-
ization Case Registry, 14,248 of these ado-
lescents were followed to determine later
psychiatric hospitalization.

Results: Of the 14,248 adolescents as-
sessed, 4,052 (28.4%) reported smoking
at least one cigarette a day. Over a 4-16-
year follow-up, the prevalence of schizo-
phrenia in the entire cohort was 0.3% (N=

44). Smokers were at greater risk for later
schizophrenia; the adjusted relative risk
was 1.94, and the 95% confidence in-
terval (Cl) was 1.05-3.58. The number of
cigarettes smoked was significantly asso-
ciated with the risk for schizophrenia.
Compared to nonsmokers, adolescents
who smoked 1-9 cigarettes/day were
1.38 times (95% C1=0.48-4.00) as likely to
be hospitalized later for schizophrenia,
and adolescents who smoked 10 ciga-
rettes/day or more were 2.28 times (95%
Cl1=1.19-4.34) as likely; the latter differ-
ence was statistically significant.

Conclusions: Taken together with the ex-
isting data on abnormalities in nicotinic
transmission in patients and their relatives,
this higher prevalence of smoking in future
schizophrenia patients, before the onset of
their illness, might indicate that impaired
nicotinic neurotransmission is involved in
the pathophysiology of schizophrenia.

(Am J Psychiatry 2004; 161:1219-1223)

Although there is universal agreement among re-
searchers and clinicians that smoking is more prevalent
among persons with schizophrenia than in the general
population (1-6), the reasons for this high prevalence re-
main debatable (7). Some authors have suggested that nic-
otine might benefit positive (1, 3) or negative (8) symptoms
and/or the adverse effects of neuroleptics, such as extrapy-
ramidal symptoms or cognitive deficits, perhaps by reduc-
ing the blood levels of antipsychotic medications (3, 9-11).

All of the aforementioned studies involved smoking in
patients who were already diagnosed with schizophrenia,
most of them inpatients and/or receiving active treatment.
In one study (5), patients already diagnosed with schizo-
phrenia were interviewed about their smoking habits be-
fore the assignment of the diagnosis, and it was found that
90% of them had started smoking before the first episode
of psychosis, a number significantly higher than the preva-
lence of smoking in the nonpatient population of the same
age. This finding, of a higher rate of smoking in schizophre-
nia patients before the overt manifestation of symptoms,
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raises the possibility that smoking is an intrinsic, illness-re-
lated phenomenon. However, this finding and a similar re-
port (12) were based on retrospective assessments of pa-
tients’ recollections, which might be affected by recall bias
and thus might not be reliable (13).

The purpose of this study was to ascertain if indeed, be-
fore the manifestation of psychosis and diagnosis of the
illness, the rate of later hospitalization for schizophrenia is
higher in smokers than in nonsmokers. Using a historical-
prospective method, we examined routinely collected,
standardized data on a large cohort to test the hypothesis
that future schizophrenia patients had higher rates of
smoking before the manifestation of psychosis and the di-
agnosis and treatment of schizophrenia. This was accom-
plished by using data from a survey of smoking habits that
is administered to a random sample of Israeli military re-
cruits every year and by following them to ascertain hospi-
talization for schizophrenia by using the National Psychi-
atric Hospitalization Case Registry, which contains data
on all psychiatric hospitalizations in the country.
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Method

Assessment of Smoking

The Israel Defense Forces Medical Corps conducts an ongoing
survey designed to provide prevalence estimates of health indi-
ces. As part of the survey, recruits are asked, “Do you smoke?”
and, if the answer is yes, “How many cigarettes do you smoke in a
day?” The survey is administered to a random sample of recruits
at age 18 upon induction into military service. The sample is
drawn by taking every 20th recruit from a list based on a predeter-
mined combination of digits of the subjects’ military serial num-
ber; the method was described in detail by Kark and Laor (14).
The survey and the questionnaire are administered by trained
nurses from the Israel Defense Forces Health Surveillance Sec-
tion. Of the recruits who were asked to participate in the study,
91% agreed and provided signed informed consent, which was
approved by the Israel Defense Forces Medical Corps Internal Re-
view Board. We identified the questionnaires of 17,262 male ado-
lescents who completed the questionnaire.

Israeli Draft Board Registry

All male adolescents in the country undergo a mandatory pre-
draft screening at age 16-17 that is designed to ascertain their eligi-
bility to serve in the military. The screening includes medical, in-
cluding psychiatric histories obtained by a physician, intelligence
testing, and a semistructured screening interview assessing per-
sonality and behavioral traits. On the basis of the screening inter-
view and findings from the physician’s examination, adolescents
who are suspected of having a behavioral disturbance or mental ill-
ness are referred for an in-depth assessment by a mental health
professional, and if the adolescent warrants a psychiatric diagno-
sis, he is then referred to a board-certified psychiatrist. On the basis
of this screening procedure, male adolescents who are found to
have ICD 9, ICD-10, or DSM axis I or axis II pathology with signifi-
cant functional impairment are released from military service;
thus, the sample of adolescents who filled out the smoking ques-
tionnaires does not include very poorly functioning individuals.

National Psychiatric Hospitalization Case Registry

This national registry is a complete listing of all psychiatric
hospitalizations in Israel, including the diagnosis assigned and
coded on admission and discharge by a board-certified psychia-
trist at the facility. During the time periods covered by this study;,
ICD-9 and ICD-10 diagnoses were used by the registry. All inpa-
tient psychiatric facilities in the country, including psychiatric
hospitals, day hospitals, and psychiatric units in general hospi-
tals, are required by law to report all admissions and discharges to
the registry.

After obtaining permission from the local institutional review
board, the file containing the data from the health survey was
linked with the National Psychiatric Hospitalization Case Regis-
try. Following the merger, all identifiers were deleted from the
merged file by the managers of the registry, and the analyses were
performed on the unidentified data.

Study Sample

Out of the 17,262 randomly selected male adolescents who
completed the health questionnaire, we removed 3,014 subjects
because of missing data from the smoking questionnaire or from
the draft board data. Of the 14,248 subjects remaining, 28.4%
reported smoking at least one cigarette a day. This rate of smoking
is in line with data on the rates of smoking in Israel (15) and
among adolescents and young adults in the Western world (16).
Through the National Psychiatric Hospitalization Case Registry,
these subjects were followed up for 4-16 years; the mean follow-
up duration was 10.2 years (SD=3.6). Of the 14,248, 44 (0.3%) had
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been hospitalized during follow-up with an ICD-10 diagnosis of
schizophrenia (F20.0-F20.9) at last discharge; the mean age at
case ascertainment was 28.2 years (SD=3.5). This prevalence is
affected by the fact that not all of these adolescents had lived
through the age of risk. In an attempt to exclude individuals who
were already in the prodromal phase of schizophrenia when the
smoking questionnaire was administered, we did not include two
adolescents who were admitted to psychiatric hospitals within a
year from the time that they completed the smoking question-
naire. Neither of them smoked.

We examined the prevalence of schizophrenia in the 3,014 per-
sons with missing data. The prevalence of schizophrenia in the
smokers in that group was 0.5%, which is identical to the preva-
lence of schizophrenia in the smokers included in the analysis.
This probably means that the adolescents with missing data did
not cause a sampling bias.

Data Analysis

As the individuals assessed by the draft board were followed up
to different ages, Cox regression analysis was used. Time intervals
were rounded to the nearest year. Age at first psychiatric admis-
sion was used to estimate the onset of illness. Data on individuals
with no psychiatric hospitalization were censored on the last day
of follow-up, which was the date when the smoking data were
merged with the case registry.

Because cognitive performance, social adjustment, the pres-
ence of nonpsychotic mental illness, and socioeconomic status
have been reported to affect both the risk for schizophrenia and
the risk for smoking (17-24), these factors were entered into the
Cox regression model in the first step, and smoking status was en-
tered in the second step.

In order to assess the specificity of the association between cig-
arette smoking and risk for schizophrenia, the Cox regression was
repeated to assess the association between smoking and later
hospitalization for affective disorder.

The association between the number of cigarettes smoked and
time to first hospitalization was assessed by using Pearson’s corre-
lation. Population attributable risk was calculated according to
the method of Goldbaum et al. (25).

Results

Out of 10,196 nonsmokers, 24 (0.2%) were later hospital-
ized for schizophrenia, compared with 20 (0.5%) out of
4,052 smokers; the relative risk was 2.08, with a 95% confi-
dence interval (CI) of 1.15-3.77 (Wald x?=5.85, df=1, p=
0.02). After adjustment for the presence or absence of a
nonpsychotic psychiatric disorder, below-normal social or
intellectual functioning in adolescence, and socioeco-
nomic status, the risk for schizophrenia remained higher
in adolescents who reported smoking at least one ciga-
rette a day (adjusted relative risk=1.94, 95% CI=1.05-3.58;
Wald x?=4.53, df=1, p=0.04). There was a significant linear
association between the number of cigarettes smoked and
the risk of schizophrenia (Wald x?=6.22, df=1, p=0.02)
(Figure 1). Compared to nonsmokers, adolescents who
smoked 1-9 cigarettes/day were 1.38 times (95% CI=0.48-
4.00; Wald x2=0.36, df=1, p=0.55) as likely to be hospital-
ized later for schizophrenia, and adolescents who smoked
10 cigarettes/day or more were 2.28 times (95% CI=1.19-
4.34; Wald x?=6.22, df=1, p=0.02) as likely to be hospital-
ized later for schizophrenia.
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No significant association between cigarette smoking
and hospitalization for affective disorder (N=22) was ob-
served (adjusted relative risk=1.28, 95% CI=0.47-3.49;
Wald x2=0.23, df=1, p=0.64). This result must be inter-
preted with caution, however, as many persons with affec-
tive disorder are not hospitalized.

The association between the number of cigarettes
smoked and time to first hospitalization for schizophrenia
was not statistically significant (r=0.20, N=44, p=0.15).

The population attributable risk was calculated by using
a prevalence of schizophrenia of 0.3%, a prevalence of
smoking of 30%, and a relative risk of schizophrenia in
smokers of 2.00. This yielded a population attributable
risk of 23%.

Discussion

Among the adolescents in this study, who had been
screened and found not to be suffering from major psy-
chopathology, cigarette smoking was associated with
greater risk for later hospitalization for schizophrenia.
This higher prevalence remained significant after we con-
trolled for possible confounders associated with smoking
behavior. There was a significant association between the
number of cigarettes smoked and the risk for schizophre-
nia, with heavier smoking being associated with greater
risk for schizophrenia.

Several interpretations could be offered to explain these
results. Nicotine normalizes a sensory gating abnormality,
the P50 inhibitory defect, found in most patients with
schizophrenia and in 50% of their first-degree relatives
(26-28). This in turn has been related to the impaired at-
tention commonly present in patients with schizophrenia
and linked to the 15q14 locus of the alpha-7 nicotinic re-
ceptor (29-31). Indeed, many but not all patients with
schizophrenia have been shown to have inherent, illness-
related cognitive deficits that are not necessarily related to
active symptoms or medication and are present before the
onset of psychosis (32, 33).

Perhaps the most parsimonious explanation of these
findings is that the familial (probably genetically medi-
ated) nicotinic receptor dysfunction that is present in
some patients with schizophrenia is partially responsible
for the premorbid cognitive deficits. Hence, just as schizo-
phrenia patients might smoke in order to self-medicate
cognitive deficits present after the onset of psychosis (34—
36), future schizophrenia patients might smoke more in
an attempt to use nicotine to self-medicate their pre-
morbid cognitive dysfunction. Similarly, nicotine, like co-
caine and amphetamine, activates mesolimbic dopamine
neurotransmission (37), which is of critical importance in
reinforcing and reward (38), and future schizophrenia
patients often suffer from nonpsychotic psychiatric symp-
toms (23) and/or depression (39). Hence, perhaps future
schizophrenia patients smoke cigarettes to improve pre-
morbid anxiety and depression. It is conceivable that
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FIGURE 1. Association Between Number of Cigarettes
Smoked at Age 18 and Risk for Schizophrenia During 4-16-
Year Follow-Up Among Male Israeli Military Recruits
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some future patients smoke to self-medicate premorbid
cognitive dysfunction, others smoke to improve premor-
bid anxiety and depression, and yet for other future pa-
tients, neither of these possibilities is relevant. If either of
these possibilities is correct, then our finding of a higher
rate of cigarette smoking in future schizophrenia patients
could be considered to be an epiphenomenon of the nico-
tinic receptor dysfunction in future schizophrenia pa-
tients and not related causally to the later appearance of
schizophrenia.

One might further speculate, with extreme caution, that
the nicotine in cigarettes causes chronic activation of me-
solimbic dopamine neurotransmission (37), which in pre-
disposed individuals might increase the risk of the appear-
ance of psychosis, thus giving cigarettes a causative role in
the pathway toward the later appearance of schizophre-
nia. This is supported by the temporal sequence between
cigarette smoking and later schizophrenia, the positive as-
sociation between the number of cigarettes smoked and
the risk for schizophrenia, the finding that smoking was
associated specifically with later schizophrenia but not
later affective disorder, and the biological plausibility just
described. If this association is causative, the population
attributable risk contributed by smoking to later schizo-
phrenia is high, at 23%. However, the fact that the vast
majority of adolescent smokers do not later suffer from
schizophrenia should make one treat this hypothesis very
cautiously.

This higher rate of smoking before the onset of illness
might imply that smoking is an intrinsic, disease-related
phenomenon, which might explain the particularly low
rates of smoking cessation among patients with schizo-
phrenia (40, 41). If so, this might be considered before
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smoking is barred in inpatient facilities and indicates that
schizophrenia patients might need extra help in smoking
cessation programs.

A study similar to the present one (42) used a similar de-
sign, following Swedish army conscripts who smoked to
determine the rate of later schizophrenia according to a
psychiatric hospitalization registry. Over a 27-year follow-
up, smoking had a protective effect on the risk of later hos-
pitalization for schizophrenia. However, the authors found
that for conscripts followed for up to 5 years, before adjust-
ment for confounders, smokers were 1.7 times as likely to
be hospitalized later for schizophrenia. This effect became
nonsignificant when possible confounders were controlled
for. Possible explanations for the differences between
those findings and ours include a much higher rate of
smoking in the Swedish population (59% versus 28% in the
present study), a longer follow-up, as well as the availability
of information about important confounders or mediating
factors in their cohort, including drug use, behavioral dis-
turbances, history of psychiatric illnesses in the family, and
alcohol problems, which were not available to us.

A potential limitation of this study is the fact that the
case registry diagnoses are clinical, not research, diag-
noses. However, these diagnoses were assigned by board-
certified psychiatrists who had the benefit of observing
the patients throughout one or more hospitalizations and
had been trained and retrained in the use of the diagnostic
criteria of the ICD and DSM. Moreover, studies that have
compared clinical diagnoses of schizophrenia assigned in
state hospitals (43) with research diagnoses have shown a
high degree of concordance. In an attempt to assess the re-
liability of the diagnoses of schizophrenia in the National
Psychiatric Hospitalization Case Registry, we compared
those diagnoses of schizophrenia with Research Diagnos-
tic Criteria best-estimate diagnoses based on clinical re-
search interviews (44). We found a sensitivity of 0.89,
which is consistent with the reliability of diagnoses from
other registries (45, 46).

Another limitation is the fact that we did not have data
on the rates of cannabis use in this population. This is rel-
evant because cannabis use, which has been shown to be
associated with later schizophrenia (47-50), is more com-
mon in cigarette smokers (51). In addition, as smoking
status is assessed at age 18, we do not know who stopped
or began smoking after age 18. Also, as male adolescents
with significant functional impairment are screened out at
age 16 and not drafted, the sample of adolescents studied
does not include very poorly functioning individuals.

In summary, the association between smoking and fu-
ture schizophrenia might imply that smoking reflects an
intrinsic, disease-related disorder of nicotinic transmis-
sion and/or that smoking reflects self-medication of pre-
morbid symptoms. The results of this study indicate the
need for more intense research on the nicotinic system in
schizophrenia and the need to give special consideration
to patients’ particular difficulties in quitting smoking.
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