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The prevalence of smoking is markedly elevated in 
schizophrenia. Low smoking cessation rates and reports that 
some smokers with schizophrenia experience an acute 
increase in symptoms during attempts to quit smoking, 
suggest a self-medication model. Alternatively, smoking 
may modulate medication side effects. The effects of treated 
and untreated smoking abstinence on psychotic symptoms 
and medication side effects were examined in this study. 
Nineteen outpatients with schizophrenia or schizoaffective 
disorder participated in a randomized, double-blind, 
balanced crossover study: 1 day of ad libitum smoking 
followed by 3 days of acute smoking abstinence while 
wearing 22 mg/day active or placebo transdermal nicotine 
patches, with a return to 3 days of smoking between patch 
conditions. Daily symptom and side-effect ratings, nicotine 
and cotinine blood levels were collected. Twelve subjects 
completed the study. Neither positive symptoms nor mood 

symptoms changed. An increase in negative symptoms 
during the first abstinent day occurred in both placebo and 
active patch conditions, but was not sustained over 
subsequent abstinent days. Despite physiological signs of 
withdrawal, completers did not endorse increased nicotine 
withdrawal symptoms. Dropouts reported higher 
withdrawal symptoms, but also had no increase in 
psychiatric symptoms in either phase of the study. Of note, 
dyskinesias decreased during abstinence and placebo patch 
treatment, but increased during abstinence and the active 
patch conditions. Acute exacerbation of psychiatric 
symptoms is an unlikely explanation for any difficulty 
smokers with schizophrenia have in early abstinence. 
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It is well known that the prevalence of smoking among
those with schizophrenia is two to three times higher
than that in the general population and considerably
higher than that among those with other psychiatric ill-
nesses (Hughes et al. 1986; de Leon et al. 1995). Cross-

sectional studies have suggested that smoking may be a
marker of more severe schizophrenic illness and may
affect treatment by modulating side effects of antipsy-
chotic medication (Sandyk and Kay 1991; Goff et al.
1992). For example, neuroleptic-induced parkinsonism
(NIP) is often found to be less prevalent among schizo-
phrenics who smoke (Decina et al. 1990), whereas, the
rate of tardive dyskinesia had been variably reported to
be higher or lower (Yassa et al. 1987; Menza et al. 1991).
The suggested effects of smoking on NIP may be ac-
counted for by the faster metabolic clearance of neuro-
leptics attributable to hepatic microsomal enzyme
upregulation caused by the products of tobacco com-
bustion (Benowitz 1988), although some studies sug-

 

From the Ann Arbor VA Medical Center (GWD) and Department
of Psychiatry (GWD, LB, EH, OFP, JHM-W), University of Michi-
gan, Ann Arbor, Michigan.

Address correspondence to: G. W. Dalack, M.D., 2215 Fuller Road
116C, Ann Arbor, MI 48105.

Received February 24, 1998; accepted August 10, 1998.



 

196

 

G.W. Dalack et al. N

 

EUROPSYCHOPHARMACOLOGY

 

 

 

1999

 

–

 

VOL

 

. 

 

21

 

, 

 

NO

 

. 

 

2

 

gest that higher doses of medication are required for
smokers versus nonsmokers treated with neuroleptics
(Ereshefsky et al. 1985; Jann et al. 1986).

A number of explanations for the extensive cooccur-
rence of smoking with schizophrenia have been for-
warded (Freedman et al. 1997; Glassman 1993). Some
have focused on the ameliorating effects of nicotine on
attentional abnormalities found in schizophrenia (Freed-
man et al. 1997; Adler et al. 1993), whereas, others have
posited that the effects of nicotine on reward reinforce-
ment and negative symptoms of schizophrenia are im-
portant (Glassman 1993; Nisell et al. 1995). Systematic
studies of the effects of nicotine withdrawal have not
been reported.

The available cessation data suggest that smoking
cessation rates among smokers with schizophrenia are
quite low (Covey et al. 1994; Addington et al. 1997;
Ziedonis and George 1997). In part, this may relate to
lower motivation to quit (Ziedonis and George 1997).
We have reported cases that suggested that attempts to
cut down or quit smoking led to an exacerbation of psy-
chiatric symptoms and a return to smoking (Dalack and
Meador-Woodruff 1996).

The very high prevalence of smoking among those
with schizophrenia, coupled with our clinical impres-
sion that smoking abstinence may to lead to an exacer-
bation of psychiatric symptoms, led us to consider
whether smoking in schizophrenia might be an attempt
to self-medicate symptoms of the illness or side effects
of treatment. Accordingly, we used an experimental
paradigm that most closely paralleled our clinical ob-
servations. We conducted a randomized, double-blind,
placebo-controlled crossover study to examine the effect
of acute nicotine withdrawal on psychiatric symptoms
and medication side effects in smokers with schizophre-
nia. Our goal was to examine the following hypotheses.

1. Acute nicotine withdrawal will exacerbate psychiat-
ric symptoms in heavy smokers with schizophrenia.

2. Treatment of acute withdrawal by transdermal nico-
tine patch will mitigate both the increase in with-
drawal symptoms and psychiatric symptoms.

3. Neuroleptic-induced parkinsonism will worsen dur-
ing acute nicotine withdrawal; tardive dyskinesia
will not change.

4. Treatment of acute nicotine withdrawal by transder-
mal nicotine patch will limit the exacerbation of neu-
roleptic-induced Parkinsonism.

 

SUBJECTS

 

Subjects with schizophrenia or schizoaffective disorder
were recruited for participation in this study through
referral from the treating psychiatrist or bulletin board
advertising in the Mental Health Clinics at the Ann Ar-
bor (

 

n

 

 

 

5

 

 13) and Battle Creek (

 

n

 

 

 

5

 

 6) VA Medical Cen-
ters (VAMCs). Subjects were required to be heavy

smokers (

 

>

 

20 cigarettes per day) and stable on an an-
tipsychotic regimen for at least the previous 3 months.
The Structured Clinical Interview for DSM-III-R (Spitzer
et al. 1989) was used to confirm the diagnosis of schizo-
phrenia or schizoaffective disorder and absence of cur-
rent non-nicotine substance use disorders. Urine toxi-
cology screens were obtained on the first day of each
phase of the study to confirm absence of current non-
nicotine substance use. None of the subjects had a his-
tory of serious medical illness. All had a normal physi-
cal examination and laboratory tests in the past year
and a normal ECG in the last 6 months. The Institu-
tional Review Boards of the Ann Arbor and Battle
Creek VAMC and the University of Michigan Medical
Center approved this study. All subjects provided writ-
ten informed consent and were paid for completing
each phase of the study ($25 for completing the first
phase, $75 for completing the second phase).

Nineteen subjects entered the study. They were mid-
dle-aged (40 

 

6

 

 5 years) male veterans, predominantly
white (68%), with a diagnosis of schizophrenia (74%) or
schizoaffective disorder (26%). They had been ill for
17.8 

 

6

 

 7.3 years. Ninety-five percent had a high school
education or more. Most were single, and all received
disability entitlements for their condition. Nearly 75%
were on typical antipsychotics (mean daily dose in
chlorpromazine equivalents [Davis 1976]: 1221 

 

6

 

 1092
mg); the rest were taking clozapine (mean dose: 435 

 

5

 

176 mg). On average, they were heavy smokers (ciga-
rettes per day: 29.4 

 

6

 

 18.7) who reported multiple quit
attempts (3.8 

 

6

 

 1.6). Their level of nicotine addiction
was moderate to severe (Fagerstrom Test for Nicotine
Dependence [Heatherton et al. 1991] score: 6.2 

 

6

 

 2.4).
They had a baseline (4–5 PM) nicotine level of 15.2 

 

6

 

 8.7
ng/ml and cotinine level of 389

 

6

 

 116 ng/ml.

 

METHODS

Nicotine Patches/Nicotine Plasma Levels

 

Active nicotine transdermal patches (22 mg/day) were
purchased from Lederle Inc. (Prostep

 

®

 

, Pearl River,
New York). Placebo patches, prepared by the Investiga-
tional Pharmacy Service at the University of Michigan
Hospital, were fashioned by removing the nicotine-
infused agarose plug from the center of the patch and
replacing the foil barrier that makes contact with the
skin. Nicotine and cotinine plasma levels were deter-
mined by an high-performance liquid chromatography
(HPLC) assay (Hariharan et al. 1988). Plasma levels
confirmed that placebo patches delivered negligible
quantities of nicotine.

 

Behavioral Ratings

 

Ratings of psychiatric symptoms and medication side
effects were assessed using: Brief Psychiatric Rating
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Scale (BPRS, Overall and Gorham 1962), Schedule for
the Assessment of Negative Symptoms (SANS, An-
dreasen 1982), Hamilton Scale for Depression (HAM-D,
Hamilton 1960), Simpson–Angus Scale (SAS, Simpson
and Angus 1970), and Abnormal Involuntary Move-
ment Scale (AIMS, Psychopharmacology Research
Branch, National Institute of Mental Health 1976; Mu-
netz and Benjamin 1988). The majority of the ratings
were carried out by one of us (LB). Inter-relater reliabil-
ity for scale data was calculated using intraclass corre-
lation coefficient (ICC) and indicated good levels of
agreement (e.g., BPRS ICC 

 

5

 

 0.71; SANS ICC 

 

5

 

 0.75).
Nicotine withdrawal symptoms were assessed using a
version of the Hughes–Hatsukami Scale (Hughes and
Hatsukami 1986). In addition to total BPRS and SANS
scores, subscale scores for each were also calculated
(Andreasen 1982; Krystal et al. 1994; Hedlund and
Vieweg 1980). For the BPRS, the subscales were: (1) pos-
itive symptoms (conceptual disorganization, hallucina-
tory behavior, suspiciousness, unusual thought con-
tent); (2) negative symptoms (blunted affect, emotional
withdrawal, motor retardation); (3) activation (tension,
mannerisms, excitement); and (4) hostility (hostility,
suspiciousness, uncoopertiveness, grandiosity). For the
SANS, six subscales of individual domains were deter-
mined by calculating the sum of items (not including
the global rating) for each domain (affective flattening,
alogia, avolition/apathy, anhedonia-asociality, atten-
tion), and a global item calculated as the sum of the
global ratings from each domain. At baseline, subjects
were psychiatrically stable with moderate levels of
symptomatology (baseline ratings: BPRS 33.5 

 

6

 

 7.2;
SANS 28.2 

 

6

 

 13.7; HAM-D 6.4 

 

6

 

 4.2; AIMS 3.5 

 

6

 

 2.7;
SAS 2.3 

 

6

 

 1.5).

 

Protocol

 

A double-blind, placebo-controlled, counterbalanced
crossover design was used. Subjects were admitted to
the Clinical Research Center (CRC) at the University of
Michigan Hospital for two 4-day stays, with at least 3
days in between. Upon admission to the CRC, subjects
smoked 

 

ad libitum

 

 for 1 day (no blind), followed by
acute abstinence (over 3 days) while wearing active or
placebo transdermal nicotine patch (double-blind). At
the end of the first 4-day stay, subjects returned home
to smoke 

 

ad libitum

 

, without patches, for at least 3 days.
They returned the following week to repeat the proce-
dure (1 day of 

 

ad libitum

 

 smoking, followed by 3 days of
abstinence) in the other patch condition. The standard-
ized clinical ratings battery was performed each day in
the CRC to assess psychiatric symptomatology, medica-
tion side effects, and symptoms of nicotine withdrawal.
In addition, vital signs were monitored daily, and nico-
tine and cotinine blood levels were drawn each after-
noon between 4 and 5 

 

PM

 

 in the CRC. Smoking was not
permitted in the CRC. During the 

 

ad libitum

 

 smoking

days, subjects were escorted by research staff to appro-
priate smoking areas around the hospital. Subjects sur-
rendered cigarettes and other smoking paraphernalia at
the end of the 

 

ad libitum

 

 smoking day. Research and
nursing staff periodically checked on subjects during
the day, and research staff accompanied subjects dur-
ing walks off of the research unit. Similarly, nursing
staff periodically checked on subjects during evening
and night shifts. Carbon monoxide in expired air was
measured in the afternoon on the 

 

ad libitum

 

 smoking
day and the last day of abstinence in each phase. Clini-
cally prescribed pharmacological treatment regimens
were continued throughout the study.

 

Data Analysis

 

Daily ratings were analyzed by repeated measures
analysis of variance (ANOVA) (subjects/patch order 

 

3

 

patch status 

 

3

 

 day), as well as an intent to treat analysis
(SAS Software 6.11, SAS Institute Inc., Cary, NC). With-
drawal symptoms (total withdrawal symptom score
and craving item alone), psychiatric symptoms (BPRS,
SANS, SAS, AIMS, HAM-D total scores; BPRS and
SANS subscale scores), vital signs and nicotine and co-
tinine blood levels were the dependent measures. Non-
significant effects are not presented (

 

p

 

 

 

.

 

 .05) unless
they were of specific interest. Distributions of depen-
dent measures were checked for normality, and some
analyses were performed after log transformation. A
further set of analyses was run using dependent mea-
sures transformed to relative change from baseline.
However, because the pattern of results did not change
with transformations, analyses of raw measures are
presented. In the analysis of heart rate, three missing
datapoints (one in each of three subjects) were imputed
using the mean for the group, on the day and patch
condition in which the missing value occurred.

Nineteen subjects entered the study. Twelve com-
pleted the protocol, and three more participated in
some part of both phases of the study. The intent to
treat analysis (

 

n

 

 

 

5

 

 19) and the repeated measures
ANOVA results for completers only (

 

n

 

 

 

5

 

 12) were es-
sentially the same. Hence, the results for the analysis of
completers are presented below. Insofar as there was no
main effect for patch order, all placebo phase data were
compared to all active phase data, regardless of the or-
der of patch type.

 

RESULTS

Smoking Abstinence/Withdrawal Symptoms

 

As shown in Figure 1, heart rate dropped for subjects
during untreated withdrawal. Carbon monoxide in ex-
pired air (CO) dropped to nonsmoker levels during
nonsmoking periods [mean CO 

 

6

 

 SD (pm) for 

 

ad libi-
tum

 

 smoking day vs. last abstinent day: 30.7 

 

6

 

 14.0 vs.
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1.2 

 

6

 

 1.2]. Nicotine blood levels decreased during the
placebo phase, as would be expected (Figure 1). Be-
cause the transdermal patch does not fully replace nico-
tine obtained by smoking, nicotine levels decreased
somewhat and stabilized at a lower level during the ac-
tive patch condition. A review of the nicotine blood
level data suggested that only one subject managed sur-
reptitious smoking in the CRC during the placebo
phase of the study. However, this subject’s CO level did
not increase significantly, and his cotinine level
dropped during each successive day of the placebo
phase. Hence, the amount smoked would seem to be
small. We analyzed the completer data excluding this
subject, and the findings were not changed. Tempera-
ture and blood pressure measurements were un-
changed in both placebo and active patch phases of the
study. Despite nicotine abstinence and physiological
evidence of withdrawal, mild increases in reported sub-
jective withdrawal symptoms did not reach statistical
significance in either condition.

 

Psychiatric Symptoms

 

Daily total BPRS and SANS scores are shown in Figure
2. There was no significant change in total BPRS score.
There was a trend increase in the negative symptoms
subscale score of the BPRS [main effect of day: F(3,30) 

 

5

 

2.48, 

 

p

 

 

 

,

 

 .09], which paralleled the SANS score change
(see below). In addition, the BPRS activation subscale
showed a decrease during the first smoking abstinence
day [main effect of day: F(3,30) 

 

5

 

 4.55, 

 

p

 

 

 

,

 

 .02], with a

return to baseline over subsequent days. Total SANS
demonstrated a significant change in both phases of the
study, which was unrelated to patch status. This effect
seemed to be carried by an increase in total SANS score
on the first abstinent day, with a return to essentially
baseline scores during the following 2 abstinent days
(see Figure 2). Similarly, the SANS subscale ratings
showed parallel, significant changes in affective flatten-
ing, avolition/apathy, and global subscales, but no
changes in alogia, anhedonia-asociality, or attention
subscales. HAM-D scores showed no change with re-
spect to patch status or time.

Six subjects dropped out during or at the end of the
first period of the study. Four of these had been on pla-
cebo patch, two were on active. Of the four dropouts
during the placebo phase, two returned to complete the
active patch phase. One subject dropped out in both
weeks [day 3 of 4 during first phase (active patch) and
day 2 of 4 during the second phase (placebo phase)].
More dropouts occurred during the placebo versus the
active phase of the study (5 vs. 3, plus 1 subject entered
and dropped out of both phases of the study). Dropouts
endorsed a significantly higher level of withdrawal
symptoms on the day of dropout, as compared with
withdrawal scores of completers on the same day (28.3 

 

6

 

11.9 vs. 13.3 

 

6

 

 9.1; df 

 

5

 

 13; 

 

p

 

 

 

,

 

 .03). Despite this, drop-
outs had no increase in psychiatric symptoms during
placebo or patch phases of the study (e.g., placebo-phase
BPRS day 1 vs. day 3: 34.0 

 

6

 

 9.5 vs. 35.0 

 

6

 

 11.5; 

 

p

 

 

 

5

 

 NS).
None of the dropouts endorsed withdrawal symptoms
as the reason for ending participation in the study.

Figure 1. Left, the effects of nicotine withdrawal with patch treatment on resting heart rate in 12 completers. Morning heart
rates (mean 6 SE) are presented for placebo patch (open circles) and active patch (closed squares). Day 1 is ad libitum smok-
ing day (no patch). Repeated measures ANOVA main effect of patch: F(1,10) 5 9.89, p , .02). Right, the effects of nicotine
withdrawal with patch treatment on afternoon nicotine plasma levels in 12 completers. Plasma levels (mean 6 SE) are pre-
sented for placebo patch (open circles) and active patch (closed squares). Day 1 is ad libitum smoking day (no patch).
Repeated measures ANOVA main effects of patch [F(1,10) 5 15.16, p , .05) and day [F(3,30) 5 6.72, p , .005].
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Medication Side Effects

 

Measures of neuroleptic-induced parkinsonism did not
change during smoking abstinence with or without nic-
otine replacement. We did find that abnormal involun-
tary movements were significantly affected during
treated and untreated smoking abstinence (Figure 3).
During the placebo patch phase of abstinence, AIMS
scores decreased by as much as 35%. During active
patch phase, AIMS scores increased by 17%.

 

DISCUSSION

 

Contrary to our expectation, we did not find changes in
positive or negative symptoms consistent with a nico-
tine withdrawal-induced exacerbation during 3 days of
treated or untreated smoking abstinence. A “reverse
power calculation suggests that our 

 

n

 

 of 12 provides
sufficient power to detect a change of approximately 6
points in total BPRS and 8 points in total SANS scores.
Although this level of detection would be sensitive to a
modest but still clinically significant symptom change,
changes of smaller magnitude cannot be excluded
based on our results.

The increase in SANS score as a function of day of
study, but not patch status, is of interest. If this increase
in SANS score were a function of nicotine withdrawal,
we would have expected the increase to persist, and
possibly worsen with each day of withdrawal. In fact,
SANS scores peaked during the first withdrawal day,

and then decreased back toward baseline. Anecdotally,
many subjects declined opportunities during the first
withdrawal day to leave the CRC with an escort and
walk around the hospital, concerned that they would
see others smoking and feel the urge to smoke. Hence,
we suspect that the tendency to stay in the room, and

Figure 2. Left, the effects of nicotine withdrawal with patch treatment on BPRS total score in 12 completers. Total scores
(mean 6 SE) are presented for placebo patch (open circles) and active patch (closed squares). Day 1 is ad libitum smoking
day (no patch). Repeated measures ANOVA had no main or interaction effects. Right, the effects of nicotine with patch treat-
ment on SANS total scores in 12 completers. Total scores (mean 6 SE) are presented for placebo patch (open circles) and
active patch (closed squares). Day 1 is ad libitum smoking day (no patch). Repeated measures ANOVA main effect of day
[F(3,30) 5 4.09; p , .02].

Figure 3. The effects of nicotine withdrawal with patch
treatment on AIMS scores in 12 completers. Total scores (sum
items 1–7) (mean 6 SE) are presented for placebo patch (open
circles) and active patch (closed squares). Day 1 is ad libitum
smoking day (no patch). Repeated measures ANOVA inter-
action effect (patch 3 day) [F(3,30) 5 3.84; p , .02].
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often in bed during the first withdrawal day, led to this
SANS increase. The parallel increases in affective blunt-
ing and avolition/apathy, but not in alogia, anhedonia,
or attention, suggest that the transient increase in nega-
tive symptoms was related to behavioral inactivity. The
decrease in BPRS activation subscale score also sup-
ports this. That the SANS increase occurred with or
without nicotine replacement suggests an effect of the
act of not smoking more than nicotine withdrawal.

Despite the fact that completers during the placebo
phase were without nicotine and demonstrated physio-
logical evidence of withdrawal based on decreased
heart rate, they did no report an increase in withdrawal
symptoms. In addition, subjects who dropped out en-
dorsed increased withdrawal scores on the day of drop-
out, but had no increase in psychiatric symptoms and
denied that nicotine withdrawal symptoms led to their
decision to leave the study. These observations suggest
an alteration in the perception of nicotine withdrawal
symptoms that may be related to the structured and
supportive environment of the CRC, and/or to the dis-
tortions of internal apperception that may occur in
schizophrenia. The absence of reported withdrawal
symptoms among smokers abstaining in hospital set-
tings has been reported for nonpsychiatric smokers
(Hughes et al. 1994). It remains unclear, however, whether
diagnosis, study environment, or some combination of
the two affects this observation.

These findings must be seen in context, and several
caveats must be given. Our small sample size permits
us to find relatively robust changes in symptoms, cer-
tainly of the order of magnitude reported in our case
studies, suggesting an exacerbation of psychotic symp-
toms during nicotine withdrawal (Dalack and Meador-
Woodruff 1996). Based on these results, such symptom
exacerbation is at least uncommon and is unlikely to ex-
plain the difficulty most smokers with schizophrenia
have in abstaining.

It has been suggested in nonpsychiatrically ill smok-
ers, that placebo patch treatment may have an effect on
response to smoking treatments, which is intermediate
between a “no-patch” treatment and active patch (Pick-
worth et al. 1994). Hence, it is possible that a “no-patch”
phase might have increased the likelihood of finding
significant changes in symptoms during smoking absti-
nence.

It is also possible that a longer period of abstinence
would result in an exacerbation of symptoms. We
picked 3 days of abstinence because of: (1) evidence that
nicotine withdrawal peaks over 24 to 48 hours of absti-
nence (Benowitz 1988; Hatsukami et al. 1984); (2) our
anecdotal experience of acute exacerbation of symp-
toms when patient tried to stop smoking on their own;
and (3) our clinical experience that patients are very un-
likely to remain abstinent for longer periods of time.

We conclude that exacerbation of symptoms is not an
acute abstinence phenomenon.

Finally, it should also be remembered that this study
was conducted in stable outpatients. Acutely ill inpa-
tients may respond differently to smoking abstinence
and treated or untreated nicotine withdrawal, and gen-
eralizations of our findings to an acutely ill inpatient
population probably should not be made.

We were unable to find an acute effect of nicotine ab-
stinence on parkinson-like side effects. It may be that
any amelioration of such side effects by nicotine per-
sists, even after withdrawal of nicotine itself. There is
precedent for such an effect with nicotine augmentation
of haloperidol treatment for Tourette’s Syndrome (San-
berg et al. 1997).

The threshold for nicotine effects on extrapyramidal
syndromes may also be different for various movement
disorders. We found an acute effect of nicotine with-
drawal ameliorating dyskinetic movements. Cross-sec-
tional studies have suggested that the risk of tardive
dyskinesia (TD) may be greater among smokers versus
nonsmokers with schizophrenia (Yassa et al. 1987). Wirsh-
ing et al. (1989) found that acute inhalation of nicotine
increased the severity of TD symptoms. In addition, a
recent report presented epidemiological data suggest-
ing that cigarette smoking is a risk factor for dyskine-
sias, independent of medication exposure (Nilsson et al.
1997). It is also interesting that the increase in dyskine-
sias occurred with nicotine replacement, although base-
line nicotine levels were not maintained. Coupled with
the observation that chronic nicotine exposure results
in desensitization of the nicotinic receptor (McGhee and
Role 1995), we might infer that the pharmacokinetics of
nicotine delivery, as well as the pharmacodynamics of
the nicotinic receptor, are likely to be important.

It may be possible to reconcile the differential effects
of nicotine on dyskinesias versus psychiatric symp-
toms. Acutely, nicotine increases striatal and cortical
dopamine release (Nisell et al. 1996). Nicotine absti-
nence would conceivably reverse this effect. It is possi-
ble that acute neurotransmitter/receptor effects of nico-
tine abstinence occur in both dorsal striatum (implicated
in movement disorder pathophysiology) and cortical
and subcortical dopamine systems (implicated in the
positive and negative symptoms in schizophrenia), but
that the circuitry mediating positive and negative
symptoms is more complex (e.g., relatively polysynap-
tic) and slower to manifest these effects as compared to
motor effects, which may involve less complex cir-
cuitry. For example, it is known that nicotine tran-
siently normalized auditory gating in schizophrenics
and their first-degree relatives (Freedman et al. 1997).
It is also possible that nicotine withdrawal might exac-
erbate these deficits in auditory gating. If such deficits
ultimately ramify to psychotic symptoms (e.g., auditory
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hallucinations), the time course of such a phenomenon
might conceivably be more than a few days.

In summary, our findings do not support a straight-
forward symptom self-medication model to explain the
high prevalence of smoking and low rate of cessation
among individuals with schizophrenia. Interestingly,
nicotine may modulate striatal dopamine function
manifested as dyskinesias, but these effects require fur-
ther study to understand the influence of nicotine dose
and route of delivery on CNS motor systems. Contin-
ued study of smoking behavior in schizophrenia holds
the promise of at least two important opportunities: to
understand more about this illness, and to suggest
ways to treat a deleterious addictive behavior in a vul-
nerable population.
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