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The high prevalence of nicotine dependence contributes to
excess mortality in schizophrenia. Cue reactivity, or the
encounter of drug-related cues or contexts, triggers crav-
ing, drug-seeking, and relapse. Prior functional magnetic
resonance imaging (fMRI) research indicates that indi-
viduals with schizophrenia have blunted neural responses
to rewarding stimuli in association with more severe neg-
ative symptoms. The objectives of this study are to deter-
mine if smokers with schizophrenia have altered neural
reactivity to smoking cues compared with non-psychiatri-
cally ill smokers and to evaluate the influence of negative
symptoms on cue reactivity. Twenty smokers with schiz-
ophrenia and 19 control smokers underwent fMRI while
viewing smoking-related and neutral cues. The primary
analysis was group comparison of Smoking-Neutral con-
trast using whole-brain analysis (P__ . . < .05). Smokers
with schizophrenia had significantly greater baseline car-
bon monoxide levels and longer duration of smoking, sug-
gesting more nicotine use. While both groups had greater
brain reactivity to smoking vs neutral cues, smokers with
schizophrenia had significantly decreased cue reactiv-
ity (Smoking-Neutral) compared to controls in bilateral
frontal midline regions. There were significant negative
correlations between negative symptoms and frontal mid-
line reactivity. Despite greater nicotine use, smokers with
schizophrenia exhibited decreased smoking cue-induced
neural reactivity in frontal midline regions, suggesting
that increased smoking and low cessation rates in schiz-
ophrenia are not primarily driven by responses to smok-
ing-related cues. The finding of negative correlations
between cue reactivity and negative symptoms is consist-
ent with previous research demonstrating decreased neu-
ral responses to rewarding cues, particularly in patients
with negative symptoms.
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Introduction

The prevalence of nicotine dependence in schizophrenia
is at least 3-fold higher than in the general population,’
contributing to high rates of smoking-related mortality
in schizophrenia.? The relationship between smoking and
schizophrenia is complex and multifactorial as previous
research demonstrates improved cognitive performance,
reduced negative affect and normalization of sensory
gating with nicotine use in individuals with schizophre-
nia.*> Shared neurobiological abnormalities in schizo-
phrenia and nicotine dependence® likely contribute to
increased smoking and low cessation rates in smokers
with schizophrenia.’

Cue reactivity is a phenomenon in which encounter-
ing drug-related cues or contexts triggers craving, drug-
seeking, and relapse. It can be assessed with subjective
reports of craving and changes in brain activation meas-
ured with functional magnetic resonance imaging (fMRI)
when smokers are exposed to smoking-related cues. Since
individuals with schizophrenia have been reported to
have higher levels of craving 15 minutes after smoking
a cigarette compared to control smokers in the absence
of cues,® subjective cue-induced craving may be limited
by ceiling effects. Neural activation to smoking cues pro-
vides an objective measure of brain function that may
be less prone to ceiling effects. Neural cue reactivity is
correlated with subjective reports of craving and predicts
relapse in non-psychiatrically ill smokers.'*!3

Rewarding aspects of drugs of abuse include hedonic
(“liking”) and motivational properties associated with
reward (“wanting”). Dopamine is thought to specifi-
cally mediate the attribution of motivating properties
of reward-related stimuli, or “incentive salience.”'! The
attribution of incentive salience to previously neutral
cues associated with nicotine use is an essential compo-
nent of the establishment and maintenance of nicotine
dependence and is mediated by phasic dopaminergic
release induced by activation of presynaptic nicotinic
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acetylcholine receptors on dopaminergic neurons in the
mesoaccumbens system. Drug-related cues evoke stria-
tal phasic dopaminergic release'? associated with craving
and compulsive drug-use, independent of drug adminis-
tration. fMRI studies in nonpsychiatrically ill smokers
demonstrate cue-related activations in regions includ-
ing ventral striatum, ventromedial prefrontal cortex
(vmPFC), dorsomedial prefrontal cortex, posterior cin-
gulate cortex (PCC), anterior insula and dorsal anterior
cingulate.”'>"* Likewise, striatal presynaptic hyperdopa-
minergic activity (ie, elevated dopamine synthesis capac-
ity and release) is a highly replicated positron emission
tomography finding in schizophrenia.!>!® As cue reactiv-
ity is mediated by striatal phasic dopaminergic release,
individuals with schizophrenia may be prone to exagger-
ated dopamine responses to smoking cues. Indeed, the
only prior study of smoking cue reactivity in schizophre-
nia found increased vmPFC activation in smokers with
schizophrenia.!

However, behavioral studies of subjective craving to
smoking cues are not consistent with enhanced cue reac-
tivity; studies have found no significant differences in
cue-induced craving between smokers with and without
schizophrenia.’®?° In contrast to numerous studies docu-
menting exaggerated striatal dopamine release, one study
identified blunted dopamine release in individuals with
schizophrenia with comorbid substance abuse, including
nicotine dependence, compared to controls.?! Since exag-
gerated striatal responses are not found in participants
with schizophrenia with co-occurring substance depen-
dence, smokers with schizophrenia may not have increased
cue reactivity relative to controls. Multiple fMRI studies
in schizophrenia demonstrate blunted neural responses
to salient cues. Decreased ventral striatal activation to
rewarding cues is reported in unmedicated patients®
and predicts severity of negative symptoms,’®?’ consis-
tent with the conceptualization of negative symptoms
as stemming from impaired reward processing. Smokers
with schizophrenia with more affective flattening have
decreased reward-related learning.’* Such findings sug-
gest hypofunction of the reward system in schizophrenia,
especially in patients with prominent negative symptoms,
and are consistent with the hypothesis that smokers with
schizophrenia may have decreased responses to smok-
ing cues. Thus, if found, decreased cue reactivity may be
another example of impaired reward-related learning in
schizophrenia.

In our own previous work, neural reactivity to smok-
ing cues was positively correlated with functional con-
nectivity between areas commonly activated in cue
reactivity tasks (dorsal anterior cingulate and insula):
the greater the connectivity, the greater the cue reactiv-
ity in nonpsychiatrically ill smokers.>® We also found that
insular-cingulate connectivity was negatively correlated
with nicotine dependence severity in smokers with and
without schizophrenia. However, connectivity between
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these regions was decreased in smokers with schizophre-
nia compared to control smokers at all levels of nicotine
dependence severity.?® Since insular-cingulate connectiv-
ity predicts neural reactivity to smoking cues, smokers
with schizophrenia may have decreased cue reactivity
compared to control smokers.

Building upon our prior work, we test the hypotheses
that (1) smokers with schizophrenia will have decreased
neural responses to smoking vs neutral cues relative to
control smokers; (2) decreased neural responses to smok-
ing cues will be associated with greater negative symp-
toms. Importantly, our hypotheses contradict the prior
study that found increased cue reactivity in smokers with
schizophrenia.'” Previous work suggests heterogeneity in
response to smoking cues among patients with schizo-
phrenia. Fonder et al, found that only half of smokers
with schizophrenia were reactive to cues as measured by
self-reported craving.'® If our hypotheses are met, differ-
ences in study design and clinical characteristics of our
sample from that of Potvin et al may help understand
this heterogeneity. If alternatively, we find increased cue
reactivity compared to controls, our findings will provide
important replication of prior work.

Methods

Participants

Twenty smokers with schizophrenia (n = 17) or schizoaf-
fective disorder (n = 3) were recruited from a database
of participants who previously participated in research
at McLean Hospital. Nineteen control smokers were
recruited from the community. Subjects were 18-55 years
old and gave informed consent approved by McLean
Hospital IRB prior to study procedures. Participants
were matched on gender and nicotine dependence sever-
ity (Fagerstrom Test for Nicotine Dependence [FTND]).?’
Inclusion criteria included daily cigarette use > 6 months,
FTND > 4 and expired air carbon monoxide (CO) breath
test > 10. Diagnosis of schizophrenia or schizoaffective
disorder in patients and absence of Axis I diagnoses in
controls was confirmed by Structured Clinical Interview
for DSM-IV (SCID).”® Two smokers with schizophrenia
were not taking medications. The remaining 18 were on
a stable dose of antipsychotic medication (n = 3 clozap-
ine, n = 15 atypical antipsychotic medications). Subjects
were excluded if they reported current substance abuse
or substance abuse within the past 6 months as assessed
with SCID substance abuse modules and were required
to have a negative urine toxicology test.

Demographic, smoking and clinical characteristics of
the 2 groups are presented in table 1. Participants with
schizophrenia were significantly older than controls
(t = =2.6, P = .01). Although groups were matched on
FTND, smokers with schizophrenia had significantly
greater baseline CO (¢t = —2.1, P = .04) and lifetime ciga-
rette use (z = —2.2, P = .04).



Table 1. Demographic and Clinical Characteristics

Neural Smoking Cue Reactivity in Schizophrenia

Normal Control Smokers (n = 19) Schizophrenia Smokers (n = 20) t P

Demographic

Age (mean * SD) 31.5£5.8 38.5+10.1 -2.6 01*

Gender (Female/Male) 10/9 9111 =02 .63

Education (y) 144+24 13.0+24 1.8 .08
Smoking characteristics

Baseline CO 20.1+11.4 292+ 15.0 -2.1 .04%*

Cigarettes per day 13.1£3.38 15.7+8.0 -1.3 .19

FTND 54%1.5 5.6x1.1 -0.4 .68

Lifetime cigarette use (pack years) 92+52 15.1£10.8 =22 .04*
Symptom scales and antipsychotic medication

SANS total score - 39.7+23.3 - -

BPRS psychosis _ 8.8+59 . .

BPRS negative _ 8.1+42 _ _

Chlorpromazine equivalents (mg/day) _ 526.3 £479.0 _ _

D2 receptor occupancy (%) 64.9 + 264

Note: CO, carbon monoxide; FTND, Fagerstrom Test for Nicotine Dependence, SANS, Scale for Assessment of Negative Symptoms;

BPRS, Brief Psychiatric Rating Scale.
*Statistically significant P < .05.

MRI Data Acquisition

Participants were scanned on a 3-T Siemens Trio scan-
ner with a 32-channel head coil at McLean Imaging
Center. Multi-planar rapidly acquired dual echo
gradient-echo structural images used the following
parameters: TR = 2.1 s, TE = 3.3 ms, slices = 128,
matrix = 256 x 256, resolution = 1.0 X 1.0 X 1.33 mm.
Functional MR images for the smoking cue task were
acquired over 37 axial, interleaving slices parallel to
the AC-PC line using a gradient echoplanar imaging
sequence (159 volumes per run; TR = 2 s, TE = 30 ms;
flip angle 75°; field of view 224 X 224 mm?; image
matrix 64 X 64; slice thickness = 3.5 mm; voxel dimen-
sions 3.5 mm isotropic).

Smoking Cues Task

To standardize time since last cigarette, participants
smoked a cigarette 1.5 hours prior to scanning. We used
an event-related design in which subjects viewed pictures
of smoking and neutral cues. Images were obtained from
the International Smoking Image Series® and from our
prior work.*?3 Images were converted to gray scale to
control for visual characteristics. Smoking cues were
comprised of 3 categories: people smoking, people hold-
ing cigarettes and smoking-related items such as ciga-
rettes. Each neutral cue was matched for visual content
to a smoking image (eg, person with pen in mouth, hand
holding paintbrush and neutral items such as pens).

To ensure subjects were paying attention, an occa-
sional target stimulus (picture of animal) was presented
and subjects were required to press a button in response
to the target. Five runs of equal length with 12 smoking
cues, 12 neutral cues and 2 target images per run were
presented. No individual image was repeated. Image

type was presented in a pseudo-randomized fashion
with no more than 2 of an image type presented in a
row for 4 seconds per image. A jittered delay between
sequential image presentation was employed during
which a fixation cross appeared for 6-14 seconds (2-sec-
ond increments). We excluded runs where participants
did not correctly identify targets with a button press,
resulting in excluding 1 run from 2 participants with
schizophrenia.

Assessments

We assessed craving using the Questionnaire of
Smoking Urges (QSU) before and after the cue reactiv-
ity task.’! Symptom severity in patients was measured
using the Scale for Assessment of Negative Symptoms
(SANS) and Brief Psychiatric Rating Scale (BPRS).3233
Total SANS score was the primary measure. BPRS pos-
itive symptom score was calculated as sum of scores for
unusual thought content, conceptual disorganization,
hallucinatory behavior and grandiosity. BPRS nega-
tive symptom score was calculated as sum of scores
for blunted affect, emotional withdrawal and motor
retardation.

Statistical Analyses

Craving Data. Paired t tests were used within each
group separately to compare Post vs Pre-task craving
to determine if each group had a change in cue reactiv-
ity attributable to the task. To compare craving between
groups, we used ANCOVA with change in craving (Post-
Pre) as dependent variable, and group, age, gender, edu-
cation, and smoking variables (cigarettes/day, baseline
CO, FTND, and pack years) as independent variables.
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Smoking Cues Task. Analyses were conducted using
FMRIB Software Library (FSL; http://www.fmrib.ox.ac.
uk/fsl). To allow for signal stabilization, the first 4 vol-
umes were removed. Pre-processing included motion cor-
rection with rigid-body transformations (middle volume
as reference), skull stripping and creation of brain mask,
slice time correction, spatial smoothing with Gaussian
kernel full-width half maximum 6 mm and high-pass tem-
poral filtering (Gaussian-fitted least squares straight line
fitting with sigma = 100 s). An in-house program detected
artifacts from motion/intensity spiking (spike = > 100
voxels exhibiting > 2% difference of timepoint from mean
intensity) by including these timepoints as regressors.”?>3
Subject EPI data were co-registered to the anatomical
image, which was spatially normalized to the MNI 152
template.

Individual subject data were analyzed using the general
linear model with regressors for Smoking, Neutral and
Target stimuli, 6 motion parameters and spike timepoints.
Stimulus waveforms were convolved with gamma vari-
ate hemodynamic response function (normalization of
probability density function of single gamma function).
Primary contrasts of interest were Smoking-Neutral and
Neutral-Smoking. Whole-brain group analysis was per-
formed with FMRIB’s Local Analysis of Mixed Effects
(FLAME). One-sample ¢ tests were performed for each
group separately to identify regions significantly acti-
vated by smoking cues. Independent sample ¢ tests
were used to compare groups for Smoking-Neutral and
Neutral-Smoking contrasts. To control for multiple com-
parisons, we used a cluster-defining threshold of z = 3.1
(P =.001) to define contiguous clusters with P < .05
(minimum cluster size 161 voxels). Between-group analy-
ses controlled for age.

To evaluate whether antipsychotic medication usage
contributed to group differences, we calculated Pearson
correlation coefficients between activation in regions
identified by between-group analyses and chlorpromazine
equivalent dose (CED)** and D2 receptor occupancy.®

Clinical Correlations. We extracted mean contrast
parameters from Smoking-Neutral contrast for each clus-
ter identified with significant between-group differences
(average across all voxels in each region). Pearson cor-
relation coefficients were calculated between these neu-
ral measures and negative symptoms using total SANS
score. We performed correlations with BPRS positive and
negative scores as supportive evidence. Tests of hypoth-
eses were 2-sided with significance level of .05 (uncor-
rected for multiple comparisons).

Results

Craving Data

Smokers with schizophrenia had significantly greater
craving than control smokers prior to the task (z = —4.0,
P <.001; figure 1). Both groups had significant increases
in craving after the task (paired ¢ test, Post-Pre-task:
both P < .001). After controlling for age, gender, edu-
cation, and smoking variables, control smokers had sig-
nificantly greater increased craving than smokers with
schizophrenia (£, ,, = 8.56, P = .007). Figure 1C demon-
strates a ceiling effect as some smokers with schizophre-
nia had maximal baseline craving (highest score = 40).
We repeated the analysis in subjects with a baseline crav-
ing score < 30 to remove subjects with possible ceiling
effect (n = 6, all in schizophrenia group); smokers with
schizophrenia still had significantly decreased change in
craving than controls (F1,23 = 4.7, P = .04). Therefore,
it is unlikely that ceiling effect was entirely respon-
sible for blunted increases in craving in smokers with
schizophrenia.

Since prior research indicates that antipsychotic medi-
cations may decrease cue-induced craving,* we performed
correlations between various craving measures and CED
and D2 receptor occupancy. There was a trend towards
a positive correlation between baseline craving and CED
(r= .41, P = .08), a finding inconsistent with medication-
related reductions in craving. There were no significant

= Pre Control Smokers C Schizophrenia Smokers
40+ 3 Post . 40- 40
T %
30+ 301 301
8 20 20
- 20- J g
° 7"
104 104 10
Control Schizophrenia Pre Post Pre Post

Smokers Smokers

Fig. 1. (A) Smokers with schizophrenia had higher baseline craving compared with control smokers (P < .001). Both groups had greater
craving after (Post) the task compared to before (Pre) the task (P <.001). Control smokers had greater cue-induced increases in craving
compared with smokers with schizophrenia (P = .007). QSU = Questionnaire of Smoking Urges. (B—C) Comparison of individual
participant craving levels Pre and Post cue reactivity task for controls (B) and smokers with schizophrenia (C). Blunted increases in
craving compared to control smokers may in part be due to ceiling effect due to maximal baseline craving in some participants. However,
blunted increases in craving were seen at all levels of baseline craving.
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correlations between D2 receptor occupancy and craving
measures.

Smoking Cues Task

For the Smoking-Neutral contrast, both groups had
significant activations in PCC, medial prefrontal cor-
tex, middle temporal and inferior parietal gyri, consis-
tent with activations reported in the literature (table 2;
figure 2A).13

Between-group analysis revealed 3 clusters where con-
trol smokers had greater activation than smokers with
schizophrenia: right anterior frontal midline, right poste-
rior frontal midline and a left frontal midline region that
involved corresponding regions in the left hemisphere.
These regions encompassed bilateral superior frontal gyri
(SFG; table 2; figure 2A). Whereas control smokers had
increased activation to smoking vs neutral cues in frontal
midline regions, smokers with schizophrenia had negli-
gible dynamic variability to smoking and neutral cues
(figure 2B).

We repeated analyses removing subjects with possible
ceiling effect in craving (baseline craving score > 30);

Table 2. Smoking-Neutral Contrast

Neural Smoking Cue Reactivity in Schizophrenia

group differences in the 3 clusters remained significant.
There were no significant correlations between cluster
activations and CED or D2 receptor occupancy. We per-
formed analyses to demonstrate that between-group dif-
ferences were not due to smoking variables and repeated
analyses after removing patients with schizoaffective dis-
order (n = 3) or patients taking clozapine (n = 3) (supple-
mentary material).

Clinical Correlations

We found significant negative correlations between total
negative symptoms (SANS) and activation of right ante-
rior (r = —.46, P = .04) and left (r = —.55, P = .01) fron-
tal midline regions. Confirming findings with the SANS,
we found significant negative correlations between BPRS
negative symptoms for right anterior (P = —.50, P = .02)
and left (r = —.57, P = .009) frontal midline regions.
Importantly, there were no significant correlations for
BPRS positive symptoms (figure 3).

We found a significant negative correlation between
negative symptoms and change in craving (r = —.62,
P = .005), such that smokers with schizophrenia with

Peak Activity: MNI

Coordinates
Brain Region Side Volume (# Voxels) Z Value X v z
Control smokers®
Medial prefrontal cortex, superior frontal gyrus, anterior Bilateral 6534 4.71 -14 52 30
cingulate cortex
Posterior cingulate cortex/precuneus Bilateral 4395 5.36 -4 =52 24
Angular/supramarginal gyrus/middle temporal/inferior L 3483 5.29 —48 -60 30
parietal lobule
Angular/supramarginal/middle temporal gyri R 1370 5.03 58 -62 4
Inferior temporal gyrus R 840 4.5 52 -10 -38
Cerebellum R 793 44 46 =78 —40
Cerebellum L 388 4.19 -32 -80 =36
Inferior/ superior temporal gyri L 378 4.41 —48 16 -16
Inferior frontal gyrus R 349 4.8 56 26 2
Schizophrenia Smokers*
Medial prefrontal cortex R 198 4.46 2 62 0
Posterior and middle cingulate cortex/precuneus Bilateral 2118 5.67 2 —44 22
Middle temporal gyrus L 619 5.07 —46 =74 4
Inferior parietal lobule/angular gyrus L 210 4.08 -36 -64 44
Middle temporal/angular gyri R 942 4.83 52 -60 6
Superior parietal lobule L 155 4.5 =36 =52 60
Control > Schizophrenia®
Left midline frontal: Superior frontal gyrus (BA8/9/10) L 716 4.32 -8 22 54
Right midline frontal, posterior: superior frontal gyrus R 299 4.44 10 16 62
(BAS)
Right midline frontal, anterior: Superior frontal gyrus R 283 4.14 14 56 28

(BAY/10)

Note: *One sample ¢ test for Smoking-Neutral contrast within each group. There were no significant findings for Neutral-Smoking

contrast.

*Independent sample ¢ test for Control > Schizophrenia comparison for Smoking-Neutral contrast. There were no significant findings for
Schizophrenia > Control comparison for Smoking-Neutral contrast and there were no significant group differences for Neutral-Smoking

contrast.
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Fig. 2. (A) Activated brain regions in Smoking-Neutral contrast for control smokers (top) and smokers with schizophrenia (middle)

included posterior cingulate and medial prefrontal cortices (P,

corrected

< .05, one-sample ¢ tests within each group). Group differences for

the Smoking-Neutral contrast (Control > Schizophrenia, A bottom, B) involved anterior and posterior clusters in right and left frontal

midline regions (P

corrected

< .05, independent sample ¢ test). (B) Control smokers had greater activation for smoking vs neutral cues. In

contrast, smokers with schizophrenia showed similar levels of activation for smoking and neutral cues in frontal midline regions.
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Fig. 3. Negative correlations between negative symptoms and brain regions (% signal change averaged across each region) shown to

have lower reactivity to the Smoking-Neutral contrast in smokers with schizophrenia. Top: Negative correlations with Scale for the
Assessment of Negative Symptoms (SANS) for right anterior (r = —.46, P = .04) and left (r = —.55, P = .01) midline frontal regions.
Bottom: Negative correlations were found with Brief Psychiatric Rating Scale (BPRS) negative symptoms (r = —.50 and r = —.57 for right
anterior and left midline frontal regions, respectively; P < .02) but not for positive symptoms (P > .50).

greater negative symptoms had lower cue-induced
increases in craving. We performed additional analy-
ses to demonstrate that negative correlations between
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negative symptoms and brain activations were not
related to craving or medication usage (supplementary
material).



Discussion

Both smokers with and without schizophrenia had smok-
ing cue-induced craving and brain activations in PCC and
medial PFC, areas previously identified in cue reactivity
studies.!>163%3¥ Using an event-related design, we report
novel findings that (1) in comparison to controls, smok-
ers with schizophrenia showed decreased cue reactivity
in bilateral prefrontal midline regions; (2) cue-induced
activation of these regions was negatively correlated with
negative symptoms.

Although groups were matched on FTND, smokers
with schizophrenia had greater baseline CO levels and
lifetime cigarette use. Despite signs suggestive of greater
nicotine use, our findings indicate that enhanced cue-reac-
tivity may not be driving increased nicotine dependence
severity and low quit rates characteristic of smokers with
schizophrenia, as patients had lower reactivity in frontal
midline regions and blunted increases in craving to smok-
ing cues relative to controls.

Negative correlations between negative symptoms and
prefrontal midline regions were robust and significant as
they were identified with both SANS and BPRS negative
symptom scores and did not correlate with BPRS positive
symptoms. Previous research indicates that smokers have
greater negative symptoms than nonsmokers with psy-
chotic disorders.*'** Smoking at age 14 predicts greater
negative symptoms at disease onset.*! Nicotine depen-
dence severity predicts greater negative, but not positive,
symptoms.*> Therefore, since studies collectively suggest
that smoking behaviors are more severe in patients with
greater negative symptoms, the findings of negative cor-
relations between negative symptoms and cue-induced
craving and smoking-related SFG activation strengthen
our conclusion that enhanced cue reactivity is not driving
increased smoking in schizophrenia.

Prefrontal cortex hypofunction is thought to underlie
negative symptoms, supported by neuroimaging find-
ings of hypofrontality associated with negative symp-
toms.* The bilateral prefrontal midline regions exhibiting
decreased responsiveness to smoking cues in the schizo-
phrenia group spanned the SFG, a region consistently
activated in studies of smoking cue reactivity.!?303738
Interestingly, a recent study demonstrated a robust and
specific association of left SFG thickness and schizophre-
nia genetic risk.* Previous studies report decreased left
SFG volume in schizophrenia®® with more pronounced
decrements in patients with deficit schizophrenia.* SFG
activation is observed in response to reward-dependent
skill acquisition and working memory performance
(performance-driven monetary reward vs unrewarded
comparisons).*”* Segarra et al reported decreased SFG
activation in subjects with schizophrenia in response to
unexpected monetary rewards in comparison to healthy
subjects: reduced SFG was associated with decreased
task-related motivation.”® These findings suggest the

Neural Smoking Cue Reactivity in Schizophrenia

SFG has a prominent role in goal-directed motivation, of
direct relevance to negative symptoms.

SFG activation to cues in smokers with schizophrenia
was decreased compared to controls and was character-
ized by a lack of variability to smoking and neutral cues.
In contrast to many fMRI studies of salient stimuli in
schizophrenia in which patients have greater activation to
neutral cues than controls,”*? this pattern is more con-
sistent with studies of anhedonia. Pizzagalli et al found
similar levels of caudate activation to monetary rewards
vs no reward in patients with depression; caudate volume
was negatively correlated with anhedonia.>

To our knowledge, one prior study of cue reactivity
in schizophrenia has been published (also in medicated
patients), which reported increased vimPFC cue reactivity
compared to nonpsychiatrically ill smokers and a nega-
tive correlation between vimPFC activation and cue-elic-
ited cravings in patients.!” Our results contradict those of
Potvin, as we found no significant differences in medial
PFC smoking cue reactivity between smokers with and
without schizophrenia. There are several notable dif-
ferences between Potvin et al and our study. We had a
higher proportion of female patients. Previous research
has found decreased cue-induced activation in female
compared to male subjects.*® However, groups were
matched for gender composition; controlling for gender
did not alter our findings. The Potvin study employed a
block design, whereas we used an event-related design.
Blocked designs are prone to habituation effects, and it is
possible that neural activation within a block may habitu-
ate to successive stimuli. Patients with schizophrenia have
reduced habituation to fMRI stimuli;> therefore, the rela-
tive increase in smoking cue-induced activation may have
been due to reduced habituation to smoking stimuli in
the schizophrenia group compared to controls. Another
explanation for increased vmPFC cue reactivity in their
study was a trend for higher nicotine dependence sever-
ity (FTND) in the schizophrenia group, while our study
matched groups on FTND. In previous studies, nicotine
dependence severity is associated with greater neural
responses to smoking cues.*’

While only 3 patients in our sample were prescribed clo-
zapine, the majority of patients in Potvin’s study were on
clozapine. It is unlikely that clozapine use itself explained
greater vmPFC activation to smoking cues, as they did
not find a significant correlation between clozapine dose
and vmPFC activation. Prior studies demonstrate reduced
smoking in patients on clozapine compared to other anti-
psychotics.’®*> Patients with schizophrenia and comor-
bid cannabis use disorders on clozapine showed reduced
cannabis cue-induced activation compared to patients on
risperidone.®® The higher proportion of patients treated
with clozapine suggests the Potvin sample had more
treatment-refractory patients. As one study reported
decreased responsiveness to antipsychotic medication in
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heavier smokers with schizophrenia,’ vmPFC reactivity
to smoking cues may be enhanced in treatment-refractory
patients. Patients in our study may have had more severe
negative symptoms, as reduced SFG cue-reactivity was
stronger in patients with prominent negative symptoms.
Collectively, these differences show that heterogeneity of
individuals with schizophrenia should be considered when
evaluating smoking cue-reactivity. In the present work,
negative symptoms impact cue-reactivity and most likely
contributed to variability between current and prior work.

Limitations

All but 2 smokers with schizophrenia were on antipsychotic
medications. Controlling for CED/D2 receptor occupancy
did not alter our findings. Studying cue reactivity in medi-
cated patients is an important clinical problem, as smok-
ing rates are high regardless of medication status.®>** Some
smokers with schizophrenia had maximal levels of subjec-
tive craving at baseline; the relative blunting of task-related
craving may be partially due to ceiling effects. Including
participants on clozapine and with schizoaffective disorder
was another limitation, given the possibility of decreased
cue reactivity in these subgroups; excluding these partici-
pants did not alter our main findings.

Conclusion

Smokers with schizophrenia exhibited cue reactivity as
demonstrated by increased neural responses to smok-
ing cues in PCC and medial PFC and increased craving
after the cue reactivity task. However, we found blunted
increases in craving and decreased brain activation to
smoking vs neutral cues in midline frontal regions in
association with negative symptoms, suggesting that
increased rates of smoking and low quit rates in smokers
with schizophrenia compared to smokers in the general
population is not primarily driven by cue reactivity.

Supplementary Material

Supplementary material is available at Schizophrenia
Bulletin online.
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