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Nicotine and Behavioral Markers of Risk for 
Schizophrenia: A Double-Blind, Placebo-
Controlled, Cross-Over Study

 

Lana Dépatie, M.Sc., Gillian A. O’Driscoll, Ph.D., Anne-Lise V. Holahan, B.Sc.,

 

Victoria Atkinson, R.N., Joseph X. Thavundayil, M.D., N. Ng Ying Kin, Ph.D., and Samarthji Lal, M.D.

 

We investigated the effect of nicotine on three behavioral 
markers of risk for schizophrenia: sustained attention 
(using the Continuous Performance Task (CPT)), 
antisaccade performance, and smooth pursuit. Smooth 
pursuit was investigated in two conditions, one in which 
attention was enhanced (monitoring target changes) and 
one in which attention was not enhanced (no monitoring). 
Patients with schizophrenia (n 

 

�

 

 15) and controls (n 

 

�

 

 14) 
were given a 14-mg nicotine patch in a double-blind, 
placebo-controlled, crossover design and plasma nicotine 
concentrations were monitored. Nicotine concentrations 
were similar in both groups. A Group 

 

�

 

 Drug interaction 
(

 

p

 

 

 

�

 

 .02) on CPT hits indicated that nicotine improved 
sustained attention in patients but not in controls. Nicotine 
significantly decreased antisaccade errors (

 

p

 

 

 

�

 

 .01) in both 

groups. A Drug 

 

�

 

 Monitoring condition interaction (

 

p 

 

�

 

 .01) 
on pursuit gain indicated that nicotine significantly 
increased pursuit gain in the no-monitoring condition in 
patients and controls equally, but did not improve pursuit 
in the monitoring condition. Thus, improvement in pursuit 
may have been mediated via an effect on attention rather 
than by an effect on oculomotor function per se. In patients, 
the magnitude of improvement in attention on nicotine was 
correlated with the improvement on eye movement tasks. 
Thus, nicotine improves performance on both attention and 
oculomotor markers of risk for schizophrenia, possibly via 
common mechanisms.

 

[Neuropsychopharmacology 27:1056–1070, 2002]
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Nicotinic mechanisms have been implicated in the patho-
physiology of schizophrenia. Schizophrenic patients have

a high prevalence of smoking, higher than any other
psychiatric population (Hughes et al. 1986). It has been
postulated that schizophrenic patients may smoke as an
attempt to self-medicate, that is, to correct a physiological
deficit in nicotinic cholinergic mechanisms (Leonard et al.
1996). Evidence in support of this interpretation include
the findings that: (1) schizophrenic patients have fewer
nicotinic receptors in post-mortem brain tissue than nor-
mal smokers (Freedman et al. 1995; Breese et al. 2001);
(2) nicotine transiently normalizes sensory gating deficits
among schizophrenic patients (Adler et al. 1993) and un-
affected first-degree relatives (Adler et al. 1992); and (3)
sensory gating deficits in schizophrenia have been
linked to an allele of chromosome 15, the gene locus for
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a specific nicotinic receptor (i.e. 

 

�

 

7-nicotinic receptor)
(Freedman et al. 1997).

Family, twin and adoption studies have demon-
strated that genetic factors play a major role in the etiol-
ogy of schizophrenia (Bertelsen 1985; Gottesman et al.
1987; Kendler 1986). The risk for developing the illness
is increased among first-degree relatives of schizo-
phrenic patients (Gottesman et al. 1987; Kety et al. 1994),
and they can pass on vulnerability for schizophrenia
without having expressed the clinical disorder them-
selves (Gottesman and Bertelsen 1989). A subpopula-
tion of schizophrenic patients’ first-degree relatives
have cognitive or motor deficits similar to those ob-
served in affected probands (Adler et al. 1992; Levy et
al. 1993; Cornblatt and Keilp 1994; Clementz et al. 1994).
Thus, such deficits may be related to genetic vulnerabil-
ity for schizophrenia (i.e., may be “behavioral markers
of risk” for the illness) (Holzman 1992).

The data that Freedman and colleagues (1997) have
provided implicating nicotine in the pathophysiology
of schizophrenia suggest that nicotine is involved in the
pathophysiology of risk for the disorder as well. Specif-
ically, sensory gating deficits which occur at elevated
rates in relatives of schizophrenic patients are normalized
by nicotine (Adler et al. 1992) and are associated with an
allele for a nicotinic receptor (Freedman et al. 1997). We
were interested in the possibility that nicotinic mecha-
nisms may be implicated as well in the pathophysiology
of other markers of risk for schizophrenia.

Abnormalities in sustained attention (Cornblatt and
Keilp 1994), antisaccade (Clementz et al. 1994), and
smooth pursuit (Levy et al. 1993) performance are all
thought to be markers of risk for schizophrenia. Each
are found at elevated rates in schizophrenic patients
(Orzack and Kornetsky 1966; Holzman et al. 1973;
Fukushima et al. 1990) their first-degree relatives (Levy
et al. 1993; Cornblatt and Keilp 1994; Clementz et al.
1994) and other populations at high risk for the disor-
der (Siever et al. 1984; Roitman et al. 1997; O’Driscoll et
al. 1998), but at low rates in the general population. In
addition, genetic studies suggest a significant hereditary
component to sustained attention (Cornblatt et al. 1988),
antisaccade performance (Myles-Worsley et al. 1999) and
smooth pursuit (Iacono and Lykken 1979; Bell et al. 1994).

Nicotine has previously been shown to improve sus-
tained attention (Rusted and Warburton 1992; Warburton
and Arnall 1994; Levin et al. 1998) and smooth pursuit
performance (Domino et al. 1997) in normal controls,
while the effect of nicotine on antisaccade performance
has not been investigated. On sustained attention tasks,
nicotine was found to increase accuracy and decrease
reaction time (Warburton and Mancuso 1998) as well as to
prevent the decline in performance that occurs over time
(Frankenhaeuser et al. 1971). To date, no double-blind
studies of the effect of nicotine on oculomotor markers
of risk have been conducted and there has been only one

controlled study of the effect of nicotine on sustained
attention in schizophrenia (Levin et al. 1996).

The current study investigated the effect of nicotine
on three putative markers of risk for schizophrenia, sus-
tained attention, antisaccade performance and smooth
pursuit eye movements using a double-blind, placebo-
controlled, crossover design. Because schizophrenic pa-
tients have deficits on these tasks, and because there is
evidence that they have abnormal nicotinic function,
we hypothesized that nicotine would improve the per-
formance of patients to a greater extent than that of con-
trols. Preliminary results from this study have been
published in abstract form (O’Driscoll et al. 1999a; Dépatie
et al. 2001a,b).

 

SUBJECTS AND METHODS

Subjects

 

Twenty-nine smokers, 15 patients (3 women, 12 men)
who met DSM-IV criteria (APA 1994) for schizophrenia
and 14 normal controls (3 women, 11 men) participated
in the study. The two groups were highly similar both
demographically and in terms of nicotine dependence
(Fagerström Test for Nicotine Dependence, FTND score)
(Fagerström 1978) (Table 1).

Patients were recruited from the inpatient and out-
patient population of the Douglas Hospital, Verdun,
Québec. DSM-IV diagnosis of schizophrenia was con-
firmed through chart review. Current symptoms were
rated using the Positive and Negative Syndrome Scale
(PANSS) (Kay et al. 1987). Patients were found to have
an average score of 62.87 (

 

�

 

11.64). All patients were re-
ceiving neuroleptic treatment with an average dose of

 

 
Table 1.

 

Demographic Characteristics

 

Controls Patients
Statistical 

Test P

 

No. of subjects 14 15
Age (yrs) 36.7 

 

�

 

 10.1 36.9 

 

�

 

 9.9 t(27) 

 

�

 

 

 

�

 

.06 .95

Sex (% male) 80 79

 

�

 

2

 

(1) 

 

�

 

 .008
 

.94
Father’s SES

 

a

 

 3.7 

 

�

 

 2.4 4.2 

 

�

 

 2.1 t(25) 

 

�

 

 

 

�

 

.60 .55
Education (yrs) 13.4 

 

�

 

 3.0 11.4 

 

�

 

 3.1 t(27) 

 

�

 

 1.71 .10
Full-scale IQ 102.1 

 

�

 

 15.7 95.2 

 

�

 

 7.7 t(24) 

 

�

 

 1.43 .17
FTND (score)

 

b

 

4.9 

 

�

 

 2.8 6.1 

 

�

 

 2.2 t(27) 

 

�

 

 

 

�

 

1.30 .20
Onset smoking

(age) 18.4 

 

�

 

 5.6 15.1 

 

�

 

 3.3 t(27) 

 

�

 

 1.91 .07
Duration smoking

(yrs) 18.13 

 

�

 

 11.1 21.8 

 

�

 

 10.0 t(27) 

 

�

 

 

 

�

 

.88 .39

 

Data are presented as Mean 

 

�

 

 SD.

 

a

 

 SES 

 

�

 

 socioeconomic status; father’s occupation ranked on an ordinal
scale from 1 (major professional) to 9 (unemployed), from a modified
version of the Index of Social Status (Hollingshead and Redlich, 1958).

 

b

 

 Fagerström Test for Nicotine Dependence (Fagerström, 1978).
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737.22 mg/day (

 

�

 

647.49 mg/day chlorpromazine
equivalents) (Bezchlibnyk-Butler and Jeffries 1998). Six
patients were receiving atypical neuroleptics (risperi-
done and/or olanzapine) and nine were receiving typical
neuroleptics. Eight of the patients were taking antimus-
carinic antiparkinsonian medication. All patients were
maintained on their regular medications, including
dose and time of administration, for at least one month
before the commencement of the study and throughout
the investigation. For patients on long-acting neuroleptics,
medication was unchanged for at least three months.

The inclusion criteria applied to all subjects were:
age between 18 and 65 years, current smokers (i.e., min-
imum of 10 cigarettes/day for at least six months), nor-
mal or corrected-to-normal vision, and an estimated
full-scale IQ above 80 (Block Design and Vocabulary
subtests of the WAIS-R (Wechsler 1981)). Moreover, all
subjects were required to be physically healthy based
on a medical history, physical examination, routine lab-
oratory tests including thyroid function and electrocar-
diogram, and to have no contraindication for the use of
a nicotine patch. Pregnant women were excluded from
the study. All women underwent a pregnancy blood
test to confirm that they were not pregnant. Schizo-
phrenic patients were required to meet DSM-IV criteria
for schizophrenia. Control subjects were screened with
the non-patient edition of the Structured Clinical Inter-
view for DSM-IV Axis I Disorders (First et al. 1996).
They were required to have no personal or family his-
tory of schizophrenia or psychotic disorders. In addi-
tion, controls were required to have no personal history
of major affective disorders or substance abuse or de-
pendence and to be taking no medication.

The study was approved by the Douglas Hospital
Research Ethics Board, Verdun, Québec. After a full de-
scription of the study, subjects gave informed consent.
Subjects were compensated for their participation.

 

Procedures

 

Subjects were asked to abstain from smoking from
11:00 

 

P

 

.

 

M

 

. the night before each testing session. They ar-
rived at the laboratory at 8:30 

 

A

 

.

 

M

 

. at which point vital
signs (blood pressure, pulse, temperature, breath/min)
were assessed and an Angiocath (20 GA) was inserted
into an arm vein. At 9:00 

 

A

 

.

 

M

 

., a sample of blood was
drawn following which a nicotine patch or an identical
looking placebo patch was applied to the upper back.
Each participant received nicotine in the form of a Nico-
derm nicotine patch (14 mg) (Hoechst Marion Roussel,
Frankfurt, Germany) and a placebo in a double-blind,
crossover fashion using a counterbalanced design. Ten
samples of blood were drawn throughout each testing
session and were used to determine nicotine plasma
levels. At 4:30 

 

P

 

.

 

M

 

. the catheter was removed, vital signs
were reassessed and testing commenced. Testing lasted

for 1.5 h. The choice of time for administration of the
neurocognitive tests was based on the fact that plasma
nicotine concentrations using the Nicoderm 14-mg
patch reach a plateau within 5.5 h after a single applica-
tion, and remain relatively constant for the ensuing 4 h
(Gorsline et al. 1993). Nicotine plasma radioimmunoas-
say analysis revealed that, in controls and patients,
peak nicotine levels were achieved 2 h following the
patch application, and testing was conducted after the
plateau had been established (Figure 1). The patch was
removed following testing completion by a nurse who
was otherwise not involved in the study. Subjects were
instructed not to smoke until the following morning to
avoid side effects.

The procedure was repeated after a minimum interval
of seven days (mean 

 

�

 

 19.4 days; SD 

 

�

 

 23.4 days) using
the crossover patch. On average, placebo and nicotine
testing occurred 19.26 (

 

�

 

20.57) days apart for patients and
19.31 (

 

�

 

23.49) days apart for controls (t(33) 

 

�

 

 0.01, 

 

p

 

	

 

.9). For women, testing sessions were conducted one
month apart so that they were tested during the follicular
phase of their menstrual cycle when estrogen levels are
at their lowest to control for possible hormonal ef-
fects. In subjects on long-acting neuroleptics, the placebo
and nicotine testing were done at the same interval fol-
lowing the injection on two different injection cycles.

 

Nicotine Measurements

 

Blood samples were collected in heparinized tubes and
centrifuged at 3000 rpm for 10 min. Plasma was col-
lected, divided into two aliquots, frozen at 

 

�

 

23

 




 

C and
later analyzed for nicotine by radioimmunoassay. The
reagents used for nicotine analysis were purchased
from Brandeis University (Waltham, MA) and were
prepared according to the method described by Van
Vunakis et al. (1987). This assay is highly specific and
does not cross-react with neuroleptics or caffeine (Van
Vunakis et al. 1987). The intra-assay coefficient of vari-
ance was 

 

�

 

3.88.

 

Continuous Performance Task

 

A 100 MHz IBM clone computer with a monitor refresh
rate of 120.79 Hz was used to administer Cornblatt’s
identical-pairs version of the Continuous Performance
Test (CPT) (Cornblatt et al. 1988). Data were collected in
a well lit room. Stimuli were presented in the center of
the computer screen against a dark background. The
task involved the presentation of two types of stimuli,
namely, four-digit numbers and nonsense shapes, which
were presented in two separate blocks. Subjects per-
formed 25 practice trials which were followed by 150 trials
in each block. Each stimulus appeared for 50 ms (inter-
stimulus interval: 950 ms.). Subjects were instructed to
respond with a finger lift from the mouse button (held



 

N

 

EUROPSYCHOPHARMACOLOGY

 

 

 

2002

 

–

 

VOL

 

. 

 

27

 

, 

 

NO

 

. 

 

6

 

Nicotine and Markers of Risk for Schizophrenia

 

1059

 

in the dominant hand) every time two identical stimuli
were presented consecutively. Identical stimuli appeared
successively on 20% of the trials. False alarm trials, in
which two consecutive stimuli were similar but not identi-
cal, were presented on 20% of the trials. The rest of the
trials were filler trials in which the two successive stimuli
presented were not similar.

 

Eye Movements

 

Apparatus.

 

The same computer was used for oculo-
motor recordings. Oculomotor data were collected in a

darkened room while the subjects were seated 57 cm
away from the computer monitor. For all of the oculo-
motor tasks, the stimulus consisted of a 0.5

 




 

 

 

�

 

 0.5

 




 

white square presented against a dark background. Eye
movements were recorded from the subject’s dominant
eye through the use of an infrared pupil tracker (250 Hz)
mounted on a headband (Eyelink, SR Research Ltd.,
Mississauga, Ont.). The spatial resolution of this system
is approximately 0.25

 




 

 of visual angle. Subjects com-
pleted a 3-point calibration across 24

 




 

 of visual angle.
The average fixation error on validation was less than 0.5

 




 

.

Figure 1. Nicotine Plasma
Concentrations. Plasma con-
centrations (ng/ml) following
exposure to a 14-mg Nicoderm
nicotine patch in schizophrenic
patients and normal controls
(data are presented as means �
SE). Baseline indicates the aver-
age nicotine plasma level at the
time of medical screening (i.e.,
on a day prior to testing) when
participants received no spe-
cific instructions about smoking.
There were no significant dif-
ferences in the nicotine plasma
concentrations of patients and
controls.
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The system automatically computes a drift correction
prior to the start of each task.

The order of administration of the tasks was as fol-
lows: subjects first performed the smooth pursuit task,
then the CPT, then the antisaccade task and a visually
guided control task, with the order of the last two tasks
counterbalanced.

 

Visually Guided Saccades and Antisaccades.

 

For both
the visually guided saccade and antisaccade tasks, sub-
jects fixated a central target which appeared for 800,
1000, or 1200 ms at random. A peripheral target then
appeared 10 degrees either to the left or to the right of
the central target with direction pseudo-randomized
(i.e., the target moved at random to the left or right with
the restriction that it could not move in the same direc-
tion on more than three consecutive trials). The central
target disappeared either 200 ms before the appearance
of the peripheral target (gap condition), at the same
time that the peripheral target appeared (step condi-
tion) or remained on the screen after the appearance of
the peripheral target (overlap condition). The three dif-
ferent fixation conditions were randomly intermixed.
There was a total of 105 trials, 35 in each of the gap,
step, and overlap conditions. The first nine trials were
practice trials and were not included in the analysis. In
the visually guided saccade task, the subjects were in-
structed to look toward the peripheral target. In the an-
tisaccade task, subjects were instructed not to look to-
ward the target but to look away from the peripheral
target to the mirror position on the opposite side of the
computer screen.

 

Smooth Pursuit

 

Subjects were instructed to keep their gaze on a target
that moved horizontally at 0.4 Hz across 24

 




 

 of visual
angle with a sinusoidal velocity profile. Subjects first
performed a practice trial, then two 30-s trials of pursuit
in each of two pursuit conditions (i.e.., “monitoring”
and “no-monitoring”). In the “monitoring” condition,
the center of the target changed from an “X” to an “O”
and back at random intervals. Subjects were asked to
indicate each change by pressing a response button.
Monitoring manipulations such as this one increase at-
tention and improve pursuit performance in patients
and controls equally (Sweeney et al. 1994). In the “no-
monitoring” condition, there were no changes within
the target and subjects were asked to simply keep their
gaze on the target as it moved.

 

Data Analyses

 

Plasma Nicotine Levels.

 

Plasma nicotine concentra-
tions at plateau were calculated based on samples col-
lected between 3:00 and 4:30 

 

P

 

.

 

M

 

., when plasma levels

were at a relatively stable level. An independent sample

 

t

 

-test was used to test whether nicotine plasma levels of
patients and controls differed. Plasma nicotine levels
were calculated using the assay software AssayZap
(Biosoft Ltd., Cambridge, UK).

 

Preliminary Analyses.

 

Preliminary analyses revealed
that there was no difference in performance between
patients receiving anticholinergic medications and
those who were not receiving such medications on any
of the dependent measures. Therefore, the analyses were
performed on all patients as one group.

A preliminary set of analyses was performed on the pa-
tient group in order to determine whether PANSS score
and neuroleptic dose were significantly correlated with
the performance measures on each task. Where there was
a significant correlation, the analysis were run again in pa-
tients alone with the relevant variable as a covariate. These
results are reported after the results of the ANOVA.

Order of drug administration (nicotine/placebo vs.
placebo/nicotine) was entered as a factor in the original
analyses. There were no significant main effects of Or-
der nor interactions of Order with any of the other inde-
pendent variables. Therefore, this term was dropped
from the analyses and the analyses were conducted as
presented below.

 

Continuous Performance Task

 

Dependent variables analyzed included hits (correct re-
sponses), false alarms (errors of commission) and reaction
time to hits. In addition, a signal detection index, d

 

�,
calculated from the proportion of hits and false alarms,
was computed using the statistical computer software
package Systat 9 (SPSS Inc., Chicago, IL). This index is a
measure of the ability of participants to discriminate a
signal from background noise. The higher the d�, the
better the processing capacity (Swets 1973). All measures
on the CPT were analyzed by repeated measures ANO-
VAs with Group (patients, controls) as the between-
subjects factor and Drug (nicotine, placebo) and Task
(number, shape) as within-subject factors. In order to test
whether performance declined over time and whether
nicotine prevented this decline (as reported by Franken-
haeuser et al. (1971)), the task was separated into two
halves and a preliminary set of analyses was performed
with Task Half (first half, second half) as a within-subjects
factor. Where there was no main effect or interactions of
Task Half, this term was dropped from the analysis. For
one patient, CPT data were unavailable for one session.

Eye Movements

All eye movements were parsed quantitatively using a
semiautomated custom analysis software package (Eye-
link, SR Research, Mississauga, Ont.), and were visually
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inspected by the experimenter. Due to technical diffi-
culties, the oculomotor data for two patients were un-
available.

Visually Guided Saccades and Antisaccades

Saccades were automatically identified using velocity
(22
/s) and acceleration (4000
/s2) criteria. Trials were
not included in the analyses if the subject did not re-
spond (saccade amplitude �3
), if the subject blinked
either 100 ms before the target appearance or during
the saccade, if the subject misfixated the central target
(fixation 	2.5
 off the central target) or if the subject’s
latency to respond was below 70 ms (anticipatory re-
sponse). Saccade latency, amplitude and peak velocity
were the dependent variables. In addition, in the antisac-
cade task, percent error (proportion of trials in which the
first saccade greater than 3
 was toward the target) was
calculated. We also calculated the proportion of express
saccades (proportion of trials in which saccade latency
was between 70 and 100 ms) in the visually guided sac-
cade task, since this was reported to be affected by nico-
tine in an earlier study (Aizawa et al. 1999).

Repeated measures ANOVAs were performed on
the performance measures of these tasks with Group
(patients, controls) as the between-subjects variable and
Drug (placebo, nicotine), Fixation (gap, step, overlap),
Direction of saccade (left, right) and Task Half as
within-subject variables. Where there were no main ef-
fects or interactions of Task Half or saccade Direction,
these terms were dropped from the analyses. PANSS
score was significantly correlated with peak velocity on
the visually guided saccade task. In addition, neurolep-
tic dose (chlorpromazine equivalents) was significantly
correlated with peak velocity on the antisaccade task.
Accordingly, these two variables were also analyzed
using Analyses of Covariance (ANCOVA) in the pa-
tient group only. The antisaccade data for one session
were unavailable for one patient.

Smooth Pursuit

Pursuit gain (eye velocity/target velocity) was used as
the measure of the smooth component of the pursuit
task. For the gain calculation, the portion of the pursuit
in a 451-ms window centered on the peak velocity in
each half cycle was used (i.e., peak gain). Saccades and
blinks were excluded from the eye trace for gain analy-
sis. The first half cycle of each trace was also excluded
from the analyses along with the portion of pursuit 200
ms before and after each blink. Gain was calculated
separately for the monitoring and no-monitoring pur-
suit conditions.

Saccades with a peak velocity equal to or greater than
22
/s above the ongoing pursuit eye speed and average
acceleration greater than 3500
/s2 were also analyzed. Sac-

cades were categorized as catch-up saccades, anticipatory
saccades, or square wave jerks (SWJ) according to the cri-
teria of Friedman and colleagues (1992).

The data were analyzed with mixed ANOVAs with
Group as the between-subjects factor and Drug, Pursuit
Condition (monitoring, no-monitoring) and Trace Half
(first half, second half of each 30-s trace) as within-sub-
ject factors.

The � level was set at .01 for each task in order to
maintain the family-wise Type I error rate at the nomi-
nal � level of .05 on all tasks. Data are presented as the
mean � standard deviation (X � SD).

Correlations

For variables that showed a significant effect of nicotine,
we evaluated whether performance change on these vari-
ables was correlated, and also whether performance
change on these variables was related to neuroleptic dose
(i.e., chlorpromazine equivalents). Since these variables
were continuous, correlations were evaluated with
Pearson’s r. We also evaluated whether the magnitude of
performance change was related to the number of ciga-
rettes currently smoked per day. Because number of
cigarettes smoked per day was recorded on a 4-point
scale (i.e.: 1 � 0 to 10 cigarettes/day; 2 � 11 to 20; 3 � 21
to 30; 4 � 31 or more), Spearman’s rho was used for
these analyses.

RESULTS

Plasma Nicotine Levels

Nicotine levels did not differ between the two groups at
baseline (t(24) � �0.86, p � .4) or at plateau (t(27) � �1.33,
p � .2) (Figure 1).

Continuous Performance Task

The analyses revealed a significant main effect of Group
on hits (F1,26 � 18.04, p � .001) indicating that patients
made fewer hits (15.4 � 4.5) than controls (22.5 � 4.68).
There was also a Group � Drug interaction on this
measure (F1,26 � 6.68, p � .016). Post hoc comparisons
showed that nicotine increased hits in patients (t(13) �
3.45, p � .004) but not in controls (t(13) � 0.18, p � .86)
(Figure 2). The lack of improvement on nicotine in con-
trols was not due to a ceiling effect in their performance
on placebo as controls made on average 22.5 � 4.5 of a
possible 30 hits in this condition (i.e., 75% correct).

There was a significant Group � Task Half interac-
tion on hits (F1,26 � 12.16, p � .002). Post hoc compari-
sons showed that patients’ performance declined from
the first to the second half of the task (first half: 8.57 �
2.2; second half: 6.71 � 2.36, t(13) � 6.50, p � .001) while
controls’ performance did not (first half: 11.52 � 2.13;
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second half: 11.16 � 2.75, t(13) � 1.11 p � .29). Drug did
not interact with Task Half, indicating that although
nicotine improved hits, it did not do this by preventing
a decline in performance over time.

The analyses yielded a significant main effect of
Group on d� (F1,25 � 13.54, p � .001) indicating that pa-
tients had lower d� (2.83 � 1.66) than controls (4.5 �
1.59). There was a trend for a main effect of nicotine on
d� (F1,25 � 5.25, p � .03) indicating that participants
were better at signal detection on nicotine (1.87 � 0.78)
than placebo (1.69 � 0.88). This effect was similar in the
two groups (Group � Drug interaction (F1,25 � 2.19, p �
.15). There was a significant main effect of Task Half on
d� (F1,25 � 11.15, p � .003). Signal detection was lower in
the second half of the task (1.67 � 0.73) than in the first
half (1.84 � 0.71). Group did not interact with Task
Half, indicating that the magnitude of the decline was
similar in the two groups. Drug did not interact with
Task Half, indicating that nicotine’s effect was not to
prevent the decline in d� over time.

There was no main effect of Group or Drug on false
alarms or reaction time, and no interaction of Group or
Drug with other independent variables on these two
measures.

Eye Movements

Visually Guided Saccades. The analyses revealed no
effect of Group on the dependent measures of this task
and no interaction of Group with other independent
variables. In addition, there was no significant main ef-

fect of Drug nor interaction of Drug with any of the
other independent variables in this task. Thus, schizo-
phrenic patients had normal visually guided saccades,
and nicotine did not influence visually guided saccade
performance in either group. There was no main effect
of Task Half nor interactions on any of the performance
measures of this task indicating that performance did
not change over time. Because PANSS score had been
found in the preliminary analysis to be significantly
correlated with peak velocity in patients, we ran an
analysis of covariance in patients on peak velocity with
PANSS score as the covariate. Again there were no sig-
nificant effects of Drug or Task Half and no interac-
tions.

Antisaccades

There was a significant main effect of Group on antisac-
cade percent error (F1,24 � 30.39, p � .001) indicating that
patients made significantly more antisaccade errors
(32.0% � 13.0%) than controls (9.3% � 8.0%). There was
a significant main effect of nicotine (F1,24 � 8.80, p � .007)
on this measure. Nicotine significantly improved anti-
saccade performance by decreasing error rates in patients
(�13.81% � 21.33%) and controls (�16% � 61.24%)
(Figure 3). There was no Group � Drug interaction on
this measure, indicating that nicotine decreased antisac-
cade errors in patients and controls equally.

There was a significant main effect of Group on anti-
saccade latency (F1,23 � 7.82, p � .01). Patients were sig-

Figure 2. Effect of Nicotine on
CPT Hits. CPT hits in patients
with schizophrenia and normal
controls on placebo and nicotine
(data are presented as means �
SE). There was a significant
Group � Drug interaction (p �
.016) on hits. Post hoc tests indi-
cated that nicotine increased
hits in patients but not in con-
trols. Neither group approached
ceiling (max hits � 30).
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nificantly slower (312 ms � 58 ms) to generate antisac-
cades than controls (257 ms � 42 ms). There was no main
effect of Drug nor interactions of Drug with other vari-
ables on antisaccade latency, indicating that nicotine did
not affect this measure.

There was no main effect of Group on antisaccade
amplitude. There was a significant Drug � Fixation �
Direction interaction on antisaccade amplitude (F2,46 �
4.93, p � .01). Post hoc comparisons showed that nicotine
significantly increased antisaccade amplitudes to the right
in the overlap (nicotine: 16.33
 � 5.47
; placebo: 14.45
 �
6.44
, t(25) � 3.09, p � .005) and step (nicotine: 15.67
 �
2.97
; placebo: 14.24
 � 2.92
, t(24) � 2.40, p � .02) con-
ditions and increased amplitude to the left as well in the
step condition (nicotine: 16.26
 � 5.18
; placebo: 15.0
 �
6.07
) (t(25) � 2.50, p � .02). Nicotine did not affect ampli-
tude in the gap condition.

There was no significant main effect of Group or
Drug on other characteristics of antisaccades and no in-
teractions.

Because neuroleptic dose had been found in the pre-
liminary analysis to be significantly correlated with
peak velocity in patients, we ran an analysis of covari-
ance in patients on peak velocity with neuroleptic dose
(i.e., chlorpromazine equivalents) as the covariate. Again
there was no significant effect of Drug and no interactions.

Smooth Pursuit

There was a main effect of Group on pursuit gain (F1,25 �
11.18, p � .003) indicating that patients had significantly
lower peak gain (0.93 � 0.05) than controls (0.97 � 0.01).
There was a significant Drug � Monitoring interaction
(F1,25 � 7.73, p � .01). Post hoc comparisons indicated
that while nicotine did not affect peak gain in the moni-
toring condition (the enhanced attention condition)
(t(26) � 0.51, p � .62), nicotine did increase peak gain in
the no-monitoring condition (the low attention condi-
tion) in both subject groups (t(26) � 2.46, p � .02) (Fig-
ure 4). There was no Group � Drug interaction on gain
(F1,25 � 1.09, p � .31) indicating that the effect of nico-
tine on peak gain was observed in patients and controls
equally. The Group � Drug � Monitoring interaction
was not significant (F1,25 � 2.53, p � .12).

We observed a significant main effect of Trace Half
on gain (F1,25 � 12.46, p � .002). Participants had lower
gain in the second half of each presented trial (first half:
0.92 � 0.03; second half: 0.90 � 0.05) in both pursuit
conditions (i.e., monitoring and no-monitoring). Al-
though nicotine significantly improved pursuit perfor-
mance overall, there was no significant Drug � Trace
Half interaction on gain (F1,25 � 0.19, p � .66) indicating
that nicotine’s action was not to prevent the decline in
pursuit performance over time.

Figure 3. Effect of Nicotine
on Antisaccade Errors. Percent
change in antisaccade errors
from placebo to nicotine (data
are presented as mean %
change � SE). There was a
significant main effect of Drug
(p � .007) on antisaccade errors.
Nicotine decreased antisaccade
errors equally in patients and
controls.
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There was no significant main effect of Group on
catch-up saccades (F1,25 � 0.58, p � .45) indicating that
patients did not differ from controls on this measure.
The analyses revealed a main effect of Drug (F1,25 �
9.04, p � .006) indicating that participants made fewer
catch-up saccades on nicotine (12.4 � 4.3) than placebo
(14.1 � 3.4). There was no Group � Drug interaction on
this measure (F1,25 � 0.32, p � .58) indicating that the ef-
fect of nicotine on catch-up saccades was observed in
both patients and controls equally. There was no main
effect of monitoring condition nor interactions of moni-
toring condition with other independent variables on
catch-up saccades.

There was no significant main effect of Group on
overall number of saccades (F1,25 � 30, p � .59) (i.e., to-
tal catch-up saccades, anticipatory saccades, back-up
saccades, and square wave jerks) indicating that pa-
tients (19.9 � 5.3) did not make significantly more sac-
cades than controls (19.1 � 4.0) despite having lower
gain. There was a significant Monitoring � Trace Half
interaction on number of saccades (F1,25 � 7.19, p � .01).
Post hoc comparisons revealed that subjects made sig-
nificantly more saccades in the second half (29.6 � 7.9)
than the first half (26.9 � 8.2) of the no-monitoring pur-
suit condition (t(26) � �3.34, p � .003), just as they had
lower gain in the second half. However, in the monitoring
condition there was no increase in the number of saccades
in the second half of the trial (t(26) � �0.99, p � .33)

even though gain declined in the second half of this
condition as well. There was no main effect of Drug nor
interactions of Drug with other variables on overall
number of saccades.

There was no significant main effect of Group on
SWJs (F1,25 � 0.41, p � .53) indicating that patients did
not differ from controls on this measure. There was a
trend for a Drug � Monitoring interaction on SWJs
(F1,25 � 3.98, p � .06). Post hoc comparisons revealed
that SWJs were increased on nicotine (2.52 � 2.04) com-
pared with placebo (1.83 � 1.97) in the monitoring con-
dition (t(26) � 2.70, p � .02), but not in the no-monitor-
ing condition (t(26) � �0.07, p � .94).

Correlations with Task Performance

Pearson correlations revealed that performance change
from placebo to nicotine on the measures that showed
an effect of nicotine (i.e., change in CPT hits, antisac-
cade errors, antisaccade amplitude, smooth pursuit
gain in the no-monitoring condition and catch-up sac-
cades in both conditions) were not correlated across
tasks in controls (Table 2). In patients, nicotine-related
performance changes were correlated across tasks. The
change in number of catch-up saccades in the monitor-
ing condition of pursuit was significantly correlated
with change in CPT hits from placebo to nicotine. In ad-
dition, change in both gain and catch-up saccades in the

Figure 4. Effect of Nicotine
on Pursuit Gain. Pursuit gain
in patients with schizophrenia
and normal controls on placebo
and nicotine (data are presented
as means � SE). There was a
significant Drug � Monitoring
interaction (p � .01) on gain.
Post hoc analyses revealed that
nicotine did not significantly
increase gain in the monitoring
(MON) condition (p � .62) but
did significantly improve gain
in the no-monitoring (NO-
MON) condition (p � .02). This
effect was observed in patients
and controls equally.
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no-monitoring condition were correlated with change
in antisaccade errors (Table 3). Thus, change in pursuit
performance from placebo to nicotine was related to
change in CPT performance and to change in antisac-
cade performance. Change in CPT performance was not
related to antisaccade errors. Antisaccade amplitude
changes were not related to changes in other measures.

We evaluated whether the level of habitual nicotine
exposure and neuroleptic medication affected the de-
gree of nicotine-related performance change. In pa-
tients, the number of cigarettes smoked per day was
correlated with performance change from placebo to
nicotine in the number of catch-up saccades in the no-
monitoring condition (rho � 0.56, p � .05) (the more
cigarettes smoked habitually the greater the drop in
number of catch-up saccades from placebo to nicotine).
For all other measures, there was no correlation be-

tween the number of cigarettes habitually smoked per
day and the magnitude of nicotine’s effect (all p 	 .2) in
patients or controls. Neuroleptic medication (i.e. chlor-
promazine equivalents) was not correlated with the
magnitude of performance change from placebo to nic-
otine on any measure (all p 	 .3).

DISCUSSION

The findings in the current investigation suggest that
nicotine administered via a single transdermal patch
improves performance on sustained attention and eye
movement tasks in medicated schizophrenic patients
and normal controls who smoke. Nicotine improved
sustained attention (CPT-IP hit rate) in patients, but not
in controls, and improved antisaccade and smooth pur-

Table 2. Correlations Between Nicotine Related Changes in Performance across Tasks: Controls

Monitoring
Catch-up
Saccade

No-Monitoring
Catch-up
Saccade

No-monitoring
Gain CPT Hits

Antisaccade
Error

Antisaccade
Amplitude1

Monitoring catch-up
saccade

------ r � 0.74
p � 0.002*

r � �0.49
p � 0.078

r � 0.40
p � 0.155

r � 0.01
p � 0.98

r � �0.01
p � 0.961

No-monitoring
Catch-up saccade

------ r � �0.76
p � 0.001*

r � 0.35
p � 0.222

r � �0.11
p � 0.738

r � �0.01
p � 0.970

No-monitoring gain ------ r � �0.45
p � 0.104

r � 0.10
p � 0.766

r � �0.12
p � 0.691

CPT hits ------ r � 0.12
p � 0.711

r � 0.38
p � 0.175

Antisaccade error ------ r � 0.22
p � 0.501

Antisaccade Amplitude ------

The data are presented as Pearson correlations.
CPT � Continuous Performance Task.
1 Average amplitude collapsed across conditions affected by nicotine.

Table 3. Correlations Between Nicotine Related Changes in Performance Across Tasks: Patients

Monitoring
Catch-up
Saccade

No-monitoring
Catch-up
Saccade

No-monitoring
Gain CPT Hits

Antisaccade
Error

Antisaccade
Amplitude1

Monitoring catch-up
saccade

------ r � �0.04
p � 0.904

r � 0.54
p � 0.057

r � �0.75
p � 0.005*

r � �0.32
p � 0.346

r � �0.33
p � 0.321

No-monitoring
Catch-up saccade

------ r � �0.61
p � 0.028*

r � �0.22
p � 0.496

r � 0.68
p � 0.02*

r � 0.20
p � 0.566

No-monitoring gain ------ r � �0.27
p � 0.394

r � �0.62
p � 0.043*

r � �0.10
p � 0.779

CPT hits ------ r � 0.10
p � 0.776

r � �0.02
p � 0.962

Antisaccade error ------ r � �0.13
p � 0.697

Antisaccade Amplitude ------

The data are presented as Pearson correlations.
CPT � Continuous Performance Task.
1 Average amplitude collapsed across conditions affected by nicotine.
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suit eye movements in both groups. Thus, the hypothe-
sis to the effect that patients would show greater im-
provement following nicotine than controls was only
partially supported. The findings suggest that nicotinic
cholinergic mechanisms may be implicated in cognitive
and motor functions that are thought to be markers of
risk for schizophrenia.

The effect of nicotine on task performance may have
been mediated via a direct effect of nicotine at nicotinic
receptor sites. Two subtypes of nicotinic receptors have
been identified in the mammalian brain, high-affinity
and low-affinity (Paterson and Nordberg 2000). Phar-
macological (Luntz-Leybman et al. 1992) and genetic
(Stevens et al. 1996; Freedman et al. 1997) studies have
suggested a role for the low-affinity nicotinic receptor,
the �7-nicotinic cholinergic receptor, in the modulation
of the P50 sensory gating response, a risk marker inves-
tigated in previous studies. In humans, most studies
conducted on nicotine’s effect on the P50 have used cig-
arette smoking as the method of administration (e.g.
Adler et al. 1993). Cigarette smoking provides acute
high doses of nicotine to the brain. This type of admin-
istration affects both low and high affinity receptors
(Alkondon et al. 2000). In contrast, a nicotine patch ad-
ministers a chronic low dose of nicotine (Gorsline et al.
1992). Since low-affinity receptors are rapidly desensi-
tized (Leonard et al. 1996), it is not likely that the effects
of nicotine in the current study were due to nicotine’s
effects at the �7-nicotinic cholinergic receptor sites.
Rather, a low chronic nicotine dose likely exerts its ef-
fects through high-affinity nicotinic receptors. Thus, the
mechanisms of improvement in the current study may
implicate different nicotinic receptors than those in pre-
vious studies. It is not known at this point to what ex-
tent abnormalities in different nicotinic receptor sys-
tems may be correlated.

Nicotine’s behavioral effects are believed to reflect
activity not only at cholinergic receptors but also indi-
rect action at other neurotransmitter sites (Wonnacott et
al. 1989). For example, it is possible that nicotine im-
proved performance on the antisaccade and smooth
pursuit tasks via an indirect action at GABAergic sites.
In high concentrations, nicotine decreases the release of
GABA (Zhu and Chiappinelli 1999). Nicotinic receptors
are found in the superior colliculus, a structure impor-
tant for both attention and eye movements. Nicotine in-
jections into the motor layers of the superior colliculus
induce an increase in the frequency of short latency ex-
press saccades in non-human primates (Aizawa et al.
1999). This finding is consistent with a disinhibition of
the structure induced by an antagonist effect of nicotine
on GABA. In contrast, in low doses nicotine increases
the release of GABA (Zhu and Chiappinelli 1999). Thus,
it is possible that at the relatively low dose used in the
current study nicotine improved antisaccade and
smooth pursuit performance by increasing inhibition in

the superior colliculus and thereby decreasing antisaccade
errors and decreasing saccades during ongoing pursuit.

Nicotine is also known to enhance dopaminergic (DA)
function (Imperato et al. 1986). DA function, which is
thought to be abnormal in schizophrenia (Meltzer and
Stahl 1976), is known to play an important role in atten-
tion (Coull 1998) and eye movements (Tedeschi et al.
1983; Gibson et al. 1987; Straube et al. 1998). Dopamine
related effects on eye movements could be mediated via
either the mesocortical or the nigrostriatal dopamine path-
ways, or both. Nicotine receptors are found in high den-
sity on DA neurons in the ventral tegmental area (VTA),
the origin of DA neurons in the mesocortical pathway,
and in the nigrostriatal pathway in the substantia nigra
and the caudate and putamen (Clarke et al. 1985), struc-
tures critical for eye movements (Hikosaka and Wurtz
1983; Hikosaka et al. 1989; Tian and Lynch 1997). Dys-
function of DA cells in the VTA is associated with hy-
pofrontality and can be reversed by nicotine adminis-
tration in rats (Tsung et al. 1990). Hypofrontality has
been observed repeatedly in schizophrenia (Ingvar and
Franzen 1974; Weinberger et al. 1986; Buchsbaum et al.
1992). Further, there is some evidence that schizophrenic
patients may have reduced density of frontal D1 receptors
(Okubo et al. 1997). DA innervation in the frontal cortex
is greatest in the precentral gyrus (Brown et al. 1979), the
location of the frontal eye fields (Paus 1996) a structure
important for smooth pursuit (MacAvoy et al. 1991,
O’Driscoll et al. 1999b) and antisaccades (Guitton et al.
1985; O’Driscoll et al. 1995) as well as for attention
(Kodaka et al. 1997). Reduced activity in the frontal eye
fields (measured by regional cerebral blood flow) has been
linked to abnormal pursuit in schizophrenia (Ross et al.
1995; O’Driscoll et al. 1999b). Thus, it is possible that
nicotine’s effects on eye movements and attention may
be mediated by an indirect action on the mesocortical
DA system, particularly in oculomotor and attentional
structures in the frontal cortex. That the mechanism of
action may have been similar for attention and smooth
pursuit is suggested by the correlational findings: in the
patients, improvements in smooth pursuit performance
from placebo to nicotine were significantly correlated
with improvements in CPT performance.

It is possible and even probable that nicotine’s effects
on different oculomotor functions are mediated by dis-
crete neural mechanisms. For example, nicotine was
found to increase antisaccade amplitude, an effect which
did not correlate with any other changes in the eye
movement tasks. Nicotine’s effect on saccade amplitude
may have been mediated by the nigrostriatal DA sys-
tem. Saccade amplitude increases following an oral
dose of L-dopa (an indirect DA agonist) in patients with
Parkinson’s disease (Gibson et al. 1987; Rascol et al.
1989). In contrast, saccade amplitude decreases after
DA depletion (Kori et al. 1995) in monkeys; saccade am-
plitudes are also reduced in patients with degenerative
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diseases of the basal ganglia including Parkinson’s dis-
ease (Straube et al. 1998). Thus, saccade amplitude is
sensitive to changes in nigrostriatal DA function (Ras-
col et al. 1989) and may have been the neural substrate
of the nicotine-related changes in amplitude observed
in the current study.

Two previous controlled studies have been con-
ducted on the effect of nicotine on the CPT, one in
schizophrenic patients (Levin et al. 1996) and one in
normal controls (Levin et al. 1998). In the former study,
each patient received a placebo as well as a 7-, 14-, and
21-mg/day nicotine patch in a randomized fashion, and
performance on Conner’s CPT was assessed. The inves-
tigators found no effect of nicotine on correct responses
or error rate (Levin et al. 1996). In the second study, the
authors (Levin et al. 1998) reported that in non-smoking
normal controls, a 7-mg nicotine patch increased CPT hits
on Conner’s CPT. In the current study, we used a 14-mg
patch and found an increase in hits in schizophrenic pa-
tients but not in controls. The differences between our
results and those reported by Levin et al. (1996, 1998)
may arise from differences in the methodology of the
studies. An important difference between the study of
Levin and colleagues (1998) and the current study was
that, in Levin’s study, the controls were non-smokers.
Thus, the 7-mg nicotine patch may be sufficient to in-
duce an effect in non-smokers, while the higher 14-mg
nicotine patch used in the current study may not be suf-
ficient to induce a change for normal subjects chroni-
cally exposed to nicotine. Moreover, the nicotine
plasma levels had started to decline at the time of test-
ing (Figure 1) and it is possible that this resulted in a di-
minished effect of nicotine.

Another methodological difference between the cur-
rent investigation and the two studies of Levin and col-
leagues (1996, 1998) is the CPT version used. In their
studies, Levin and colleagues used Conner’s CPT. In
this version of the CPT, subjects are instructed to re-
spond on every trial but to abstain from responding
when a predetermined stimulus (the letter X) appears.
Conner’s CPT is primarily a measure of response inhi-
bition and is, in fact, used as a measure of impulsivity
in Attention Deficit Hyperactivity Disorder ADHD (e.g.
Epstein et al. 2001). In contrast, in the identical-pairs
version of the CPT, subjects are asked to respond only
when two consecutive stimuli are identical. In the cur-
rent study, this occurred on 20% of the trials. Thus,
there is no need to inhibit an established tendency to re-
spond. Moreover, there is no predetermined target. In-
stead, the subject must keep every stimulus in working
memory until it can be compared with the following
stimulus. Therefore, the identical-pairs version of the CPT
emphasizes sustained attention and working memory
while the Conner’s CPT seems to tap selective attention
and skeletomotor inhibition. These executive functions
may be differentially affected by nicotine.

Five previous studies have been conducted on the ef-
fect of nicotine on oculomotor function, two in schizo-
phrenia (Klein and Andresen 1991; Olincy et al. 1998)
and three in normal controls (Sibony et al. 1988; Thaker
et al. 1991; Domino et al. 1997). None of these studies
have been double-blind. All but one study (Thaker et al.
1991) focused exclusively on smooth pursuit eye move-
ments. Three studies reported that nicotine improved
smooth pursuit performance: two studies found a de-
crease in anticipatory saccades or leading saccades
(Klein and Andresen 1991; Olincy et al. 1998), one
found a trend for improved pursuit gain (Olincy et al.
1998), and one study reported improved pursuit with-
out reporting specific individual measures (Domino et
al. 1997). Two studies (Sibony et al. 1988; Thaker et al.
1991) found no improvement in pursuit but in the study
of Thaker and colleagues (1991) pursuit gain was not
assessed. Thus, our findings are generally in agreement
with previous non-blind studies, in which nicotine-related
improvements in pursuit have been noted. Further, the
finding in the current study that nicotine tended to in-
crease SWJs is in agreement with the findings of both
Sibony and colleagues (1988) and Thaker and col-
leagues (1991), although in their studies subjects were
not required to monitor target changes during pursuit.

The interpretation of the results in the current study
is constrained by some aspects of the methodology.
First, all subjects were smokers. Thus, the positive ef-
fects of nicotine in both groups may have been due to
the amelioration of withdrawal-related deficits rather
than an improvement of function above baseline levels.
In the current study, it was not possible to include a
non-smoking group due to ethical concerns regarding
exposing non-smokers to nicotine. Because the re-
sponse to nicotine patch exposure may differ between
smokers and non-smokers, we can provide information
only regarding the former group. However, the major
goal of this study was to investigate the effect of nicotine
on markers of risk for schizophrenia in schizophrenic
patients. Since the vast majority of schizophrenic patients
smoke (Lohr and Flynn 1992), the current study provides
information on a large segment of this population.
Moreover, while we cannot address why schizophrenic
patients begin to smoke, our results provide suggestive
evidence as to why they may continue to smoke.

Another limitation of the current study is that pa-
tients were medicated. It is possible that the antidopam-
inergic and antimuscarinic medications that patients re-
ceived blunted the effect of nicotine on task performance
in patients or, less likely, acted synergistically to improve
performance. However, in the current study, nicotine had
significant effects in controls who were medication free,
and the magnitude of the effects in controls was gener-
ally similar to that observed in patients. In future stud-
ies, the inclusion of a medication-free group of patients
would be desirable.
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The current findings indicate that nicotine improves
neurocognitive performance on tasks that are putative
behavioral markers of risk for schizophrenia. However,
the underlying neural mechanisms by which nicotine
improves behavioral markers of risk for schizophrenia
remain to be determined.
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