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The aim of this study is to examine the effects of treatment with varenicline, a partial agonist at the a4b2 and full agonist at the a7
nicotine acetylcholine receptor, on cognitive impairments in people with schizophrenia. In all, 120 clinically stable people with

schizophrenia participated in randomized, double-blind, placebo-controlled 8-week trial. Antipsychotic and concomitant medication

doses remained fixed throughout the study. Varenicline was titrated up to 1mg twice daily for weeks 2–8. Neuropsychological, clinical,

and safety assessments were administered at baseline and weeks 1, 2, 4, and 8. In the primary analyses of neurocognitive differences at

week 8, no varenicline–placebo differences were significant. In secondary longitudinal analyses, varenicline improved compared with

placebo on the Digital Symbol Substitution Test (p¼ 0.013) and the Wisconsin Card Sorting Test non-perseverative errors (p¼ 0.043).

Some treatment effects were different between smokers and non-smokers. In smokers, Continuous Performance Test hit reaction time

(p¼ 0.008) and Stroop Interference (p¼ 0.004) were reduced for varenicline compared with placebo, while there were no treatment

differences in non-smokers. No significant treatment main effects or interactions were noted for total scores on the Positive and

Negative Syndrome Scale or the Scale for the Assessment for Negative Symptoms. Our findings suggest beneficial effects of adjunctive

varenicline treatment with antipsychotics for some cognitive impairments in people with schizophrenia. In some cases, effects of

treatment varied between smokers and non-smokers. Further study is required to assess the functional significance of these changes.
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INTRODUCTION

Cognitive impairments have been considered a core
symptom domain of schizophrenia (Green, 2006). Con-
siderable evidence supports the hypothesis that nicotine,
through the nicotinic acetylcholine receptor (nAChR)
system, may be effective in improving cognitive deficits in
people with schizophrenia. Nicotine administration im-
proves attention and working memory deficits (Sacco et al,

2005; Barr et al, 2008; Jubelt et al, 2008), while abstinence
from cigarette smoking may worsen visuospatial working
memory in people with schizophrenia (George et al, 2002).
Adjunctive nicotine administration significantly attenuated
memory impairments caused by antipsychotic medications
on a study in rats (Addy and Levin, 2002). The two main
nAChR subtypes in the brain (a4b2 and a7) have both been
implicated in cognitive processes (Bencherif and Schmitt,
2002). a4b2 receptors have a very high affinity for nicotine
and desensitize at low concentrations of nicotine, corre-
sponding to blood concentrations experienced by smokers.
In contrast, a7 receptors have a low affinity for nicotine but
do not desensitize at low nicotine concentrations (Poorthuis
et al, 2009). In animal studies, local acute and chronic
hippocampal infusion of a4b2 antagonists cause significant
spatial working memory impairment (Arthur and Levin,
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2002), while a4b2 receptor agonists significantly improve
working memory and attention function (Levin et al, 2002).
Abnormal expression of a4b2 and a7 nicotinic receptors is
found in post-mortem hippocampus and prefrontal cortex
of schizophrenia patients (Breese et al, 2000; Marutle et al,
2001).
Varenicline binds to a4b2 nAChRs and with low affinity

to a7 nAChRs (Mihalak et al, 2006). Varenicline is a partial
agonist with 45% of nicotine’s maximal efficacy at a4b2
nAChRs (Rollema et al, 2007) and stimulates dopamine
release from rat nucleus accumbens (Coe et al, 2005), which
is mediated via interactions with a4b2 nAChRs in the
ventral tegmental area, similar to nicotine-evoked DA
release (Maskos et al, 2005).
To date, no well-controlled clinical trials have been

published which examine the efficacy of varenicline in
treating cognitive impairments in people with schizophre-
nia. The objective of this study was to examine the effects of
varenicline treatment on cognitive impairments in people
with schizophrenia.

PARTICIPANTS

This study was a randomized, double-blind, placebo-
controlled 8-week trial with 120 outpatients with chronic
schizophrenia (60 smokers and 60 non-smokers) participat-
ing. Inclusion criteria included a DSM-IV diagnosis of
schizophrenia, 18–60 years of age, and considered clinically
stable with less than moderate severity (Positive and
Negative Syndrome Scale (PANSS) total score p75; Leucht
et al, 2005) for at least 3 months before participating in this
trial. Smokers were included if they smoked 410 cigarettes
daily for X1 year and had fewer than 3 months of smoking
abstinence within the last year. Non-smokers included those
who did not smoke a cigarette in the last year. Exclusion
criteria included any serious or unstable medical disorder
within the preceding 6-month period, other DSM-IV axis I
diagnoses, substance abuse or dependence (other than
nicotine) in 12 months before participating in this study,
pregnant or breast feeding, considered at high risk of
suicide. Subjects were excluded if they currently used
tobacco products other than cigarettes or any form of
nicotine replacement therapy. Subjects with a history of
taking clozapine were excluded, because they were less
amendable to cognitive improvement therapy. All subjects
gave written informed consent. Subject recruitment was
conducted competitively at five sites in Korea and was
approved by the Institutional Review Board at Inje
University. Recruitment from each site ranged from 20 to
25 subjects and continued to a pre-specified total of 120
participants.

MEDICATIONS

Participants took antipsychotic medication at the time of
study inclusion. Antipsychotic dosing and concomitant
medications remained fixed throughout the study. Daily
doses of antipsychotic medications were converted into
chlorpromazine equivalents following Woods (2003). Sim-
ple randomization was used to assign participants to
varenicline or placebo within strata defined by site and

smoking status, but not by antipsychotic medications.
Medication allocation was concealed from patients and
research staff by using identically appearing varenicline and
sucrose placebo capsules. Doses of varenicline or matching
placebo were titrated upward as follows: varenicline 0.5mg
for days 1–3, 0.5mg twice per day for days 4–7, then 1mg
twice daily for weeks 2–8. Lorazepam PRN (1–4mg/day)
was permitted for anxiety and insomnia, but was not
administered 12 h before neuropsychological testing. Anti-
cholinergic medications were also permitted; however, the
doses were to remain fixed throughout the study.

EFFICACY MEASURES

Neuropsychological Assessment

The neuropsychological test battery was selected to focus on
attention and was administered at baseline and weeks 1, 2,
4, and 8. To minimize acute nicotine effects or nicotine
withdrawal, on the morning of clinical ratings and
neurocognitive testing all subjects who were smokers,
smoked ad lib until 1 h before testing, when they smoked
one cigarette and then abstained. Participants who were
non-smokers did not smoke before the neurocognitive
testing.

Continuous Performance Test. The Conners Continuous
Performance Test-II (Conners, 2004) measures sustained
attention, concentration, and response inhibition. Hit
reaction time is defined as the mean response time
(milliseconds) for all target responses. Detectability, a
measure of how well the individual discriminates between
targets and non-targets, was summarized by d-prime¼
F�1(hit rate)�F�1(false alarm rate), where F�1(x) is the
value of a standard normal random variable corresponding
to a cumulative probability equal to x.

Stroop Color Word Test. The Stroop Color Word Test
measures participants’ ability to shift their perceptual set to
conform to changing conditions requiring mental control,
response conflict, and selective attention with the occur-
rence of perceptual interference (Lezak, 1995). Participants
are shown color words (‘Red’ or ‘Green’) printed in
matching or incongruent colors and are asked to report
the ink color. The difference in time (milliseconds) required
to correctly name the ink color between trials when the ink
does or does not match the color word is termed ‘Stroop
Interference’.

Wisconsin Card Sorting Test. The Wisconsin Card Sorting
Test (Heaton et al, 1993) assesses executive functions,
including conceptual flexibility in response to feedback. Using
the computerized Wisconsin Card Sorting Test CV3 software
program, a total of 128 cards are presented and the test
requires participants to sort the cards on the basis of the color,
shape, or number of figures. Common outcomes reported are
categories completed, percent total errors, percent persevera-
tive errors, and percent non-perseverative errors.

Digital Symbol Substitution Test. In the Digit Symbol
Substitution Test, a subtest of the Wechsler Adult
Intelligence Scale-Revised (Wechsler, 1981), a series of nine

Adjunctive varenicline treatment with antipsychotic medications
J-C Shim et al

661

Neuropsychopharmacology



symbols is presented and subjects are encouraged to
translate the symbols into the digits 1–9 as fast as possible
within a preset 90-s limit. This test is a psychomotor
performance that is relatively unaffected by intellectual
prowess, memory, or learning.

Digit Span Test. The Digit Span Test, a subtest of the
Wechsler Adult Intelligence Scale-Revised, measures im-
mediate memory span to assess attention, concentration,
and working memory. The subset consists of forward and
backward conditions in which the examiner reads aloud
series of numbers which increase in length; the participant
is requested to repeat the numbers in the same or reverse
order after each series is presented.

Visual Span Test. The Visual Span Test, a subset of the
Memory Assessment Scale (Golden et al, 1999), assesses
visual memory span. The test consists of dots on a sheet of
paper and the administration procedure of Visual Span Test
is similar to that of Digit Span Test, requiring two trials at
each level regardless of whether the first was passed or not.
Alternate forms of the Digit Symbol Substitution test,

Digital Span test, Visual Span Test, and Stroop test were
used to avoid administering the same form of a test
immediately after the previous administration.

Smoking Assessment

In the smoking group, numbers of cigarettes smoked per
day and exhaled carbon monoxide were assessed to measure
intensity of smoking at baseline and weeks 1, 2, 4, and 8, as
well as other smoking-related measures not reported on in
the current manuscript.

Clinical Assessments

Schizophrenia symptomatology was measured at baseline
and weeks 1, 2, 4, and 8. The PANSS (Kay et al, 1987), the
modified form of the Scale for the Assessment for Negative
Symptoms (SANS; Andreasen, 1982), the Hamilton Depres-
sion Rating Scale (HAM-D; Hamilton, 1960), and the
Clinical Global Impression severity (CGI severity) of illness
assessments (Guy and Bonato, 1970) were administered.
Safety assessments performed at baseline and weeks 1, 2,

4, and 8 included the Simpson–Angus Rating Scale
(Simpson and Angus, 1970), the Barnes Akathisia Rating
Scale (Barnes, 2003), and a Side Effect Checklist (Kelly et al,
2009).
Neuropsychological and clinical assessments were per-

formed by three psychiatrists at Busan Paik Hospital, Inje
University. To ensure inter-rater reliability, all raters had
successfully completed rater training before participation in
the study, achieving an ICC 40.75 compared with the
experienced trainer on standard videotapes on symptom
rating scales.

Statistical Methods

At baseline, differences among groups were tested using
Student’s T-test, Wilcoxon Rank Sum test, ANOVA, and
Kruskal–Wallis test for continuous measures and Pearson’s
w2-test and Fisher’s exact test for categorical measures. The

pre-specified primary analysis compared treatment groups
on change scores between baseline and week 8 for
neurocognitive outcomes for completers, combining results
from smokers and non-smokers in the absence of strong
prior evidence for differences in the treatment effects by
smoking status. All tests were two-tailed and significance
was defined as an a o0.05. In secondary intention to treat
analyses to incorporate all follow-up data from any
participant with a post-baseline neuropsychological or
symptom assessment, mixed model analysis of covariance
(ANCOVA) estimates were used for analyzing main effects
of treatment and smoking, and their interaction, using
the model: follow-up score¼ baseline score + treatment +
smoking +week + treatment� smoking + treatment�week
+ smoking�week+ treatment� smoking�week. Adjust-
ment for the baseline score removes the effect of baseline
differences in cognitive performance between treatment
groups or smokers vs non-smokers from the estimated
smoking or treatment effects. In this model, ‘week’ was
treated as a categorical measure rather than continuous,
because we did not have data to support the strong
assumption of linearly increasing treatment effects over
time implied by treating week as a continuous variable. The
treatment main effect estimates the average across weeks 1,
2, 4, and 8 of the adjusted varenicline–placebo differences at
each follow-up week. The treatment�week interaction tests
whether the week-by-week estimates of varenicline–placebo
differences vary significantly in size among weeks. The
treatment� smoking interaction estimates the average
difference (across weeks) in the size of estimated vareni-
cline–placebo differences in smokers compared with non-
smokers. Effect sizes, d, were calculated by dividing
estimates of adjusted treatment differences by the pooled
standard deviation (estimated by SAS PROC VARCOMP
from the square root of the sum of within- and between-
participant variance components during follow-up). To
evaluate a potential mediating role of changes in smoking
intensity on cognitive outcomes in smokers, we separately
added changes in number of cigarettes smoked daily and
expired CO to the mixed model: cognitive score¼ treatment
+week + smoking intensity + treatment�week + smoking
intensity�week + treatment� smoking intensity�week,
where smoking intensity is the level of expired CO or
cigarettes per day in the current week. No treatment�week,
smoking�week or treatment� smoking�week interac-
tions were significant (data not shown), and results of these
tests are omitted for brevity. Secondary analyses on
varenicline effects on smoking behavior are being reported
elsewhere and will be clearly stated that they come from
secondary analysis of a trial examining cognition which was
not designed to promote smoking cessation.

Demographic and Clinical Characteristics of
Participants

Ninety-one patients completed the study (45 varenicline
and 46 placebo). About 25% (29/117) subjects discontinued
from the study (15/60 varenicline and 14/60 placebo). Most
dropouts occurred within the first 4 weeks (eight patients
with adverse events withdrawn within 2 weeks; four with
aggravated psychotic symptoms withdrawn between weeks
2 and 4). Causes of dropout are listed in Figure 1. Three
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subjects were withdrawn from the study just after rando-
mization and before the start of treatment, and were
excluded from the analyses. Demographic and clinical
characteristics are presented in Table 1. No significant
differences between groups were found in age, sex, body
mass index, percent of smokers, or amount of cigarette
smoking. Baseline psychiatric symptom scores did not
differ significantly between groups. No significant baseline
differences in any measures were found between completers
and non-completers (data not shown).

Neuropsychological Data

Cognitive function at baseline. There were no significant
baseline differences between the varenicline and placebo
groups in mean scores on any neuropsychological tests
(Table 1). One-way analyses of variance of baseline
comparability in cognitive function among the four groups:
varenicline (smokers and non-smokers) vs placebo (smo-
kers and non-smokers), suggested that at baseline, no
significant main effect of smoking on cognition was
observed. Supplementary Table 1 shows demographic
information by group and smoking status.

Effect of treatment and time on cognitive function. In the
primary analysis comparing mean change scores for
neuropsychological tests between baseline and week 8, no
significant treatment differences were found on any test
(Table 2). A mixed model for repeated measures was used to
estimate the magnitude of changes from baseline (possible
practice effects) at weeks 1, 2, 4, and 8 within the placebo
group (Table 2). Tests showing potential practice effects
included: CPT detectability, Digit Symbol Substitution Test,
Digit Span Forward, Stroop Interference, and Wisconsin
Card Sort Test categories. In the secondary analysis using
mixed model ANCOVA generally similar results were seen
for time main effects, averaged across treatment groups,
although additional time effects were seen for Wisconsin
Card Sorting Test category completed (F¼ 2.91, df¼ 3373,
p¼ 0.034); Wisconsin Card Sorting Test total error

(F¼ 3.67, df¼ 3257, p¼ 0.012); and Wisconsin Card Sorting
Test perseverative error (F¼ 2.81, df¼ 3185, p¼ 0.041).
On two tests (Table 3), the average of the week-by-week

adjusted varenicline–placebo differences (treatment main
effects) was statistically significant: Digital Symbol Sub-
stitution Test (difference±standard error (SE)¼ 1.86±
0.75, d¼ 0.13, F¼ 6.15, df¼ 1375, p¼ 0.013) and Wisconsin
Card Sorting Test non-perseverative error (�2.37±1.17,
d¼ 0.21, F¼ 4.12, df¼ 1311, p¼ 0.043); both differences
reflected improvement for varenicline relative to placebo. In
addition, a marginal trend was present for reduced
Continuous Performance Test hit reaction time with
varenicline compared with placebo (�1.76±0.97, d¼ 0.12,
F¼ 3.26, df¼ 1276, p¼ 0.07). No significant treat-
ment� time interactions were present in any test.

Treatment effects on cognitive function by smoking status.
Estimated varenicline–placebo differences from mixed
model ANCOVA, averaged over weeks 1, 2, 4, and 8, are
displayed by smoking status in Table 3. Estimated
varenicline–placebo differences by week and smoking status
are shown in Supplementary Table 2. The mixed model
ANCOVA found significant differences (Table 4) between
smokers and non-smokers in the size of the average
varenicline–placebo differences for several tests (treat-
ment� smoking interactions). Continuous Performance
Test hit reaction time was significantly reduced for
varenicline vs placebo in smokers (difference±
SE¼�3.7±1.4, d¼ 0.26, t¼ 2.64, df¼ 1, p¼ 0.008), but
not in non-smokers (treatment� smoking interaction:
F¼ 4.13, df¼ 1376, p¼ 0.042). Stroop Interference was
significantly reduced for varenicline relative to placebo in
non-smokers (difference±SE¼�4.40±1.51, d¼ 0.38,
t¼ 2.91, df¼ 1, 375, p¼ 0.004), but not in smokers
(treatment� smoking interaction: F¼ 4.66, df¼ 1375,
p¼ 0.009). For the remaining neuropsychological tests,
varenicline–placebo differences were not significantly dif-
ferent in smokers vs non-smokers (Table 2). Significant
average smoker–non-smoker differences (smoking main
effects) were found for several tests, including Continuous
Performance Test detectability (mean±SE¼�0.14±0.04,
d¼ 0.12, F¼ 13.09, df¼ 1, 376, p¼ 0.003); Digital Symbol
Substitution Test (mean±SE¼�1.64±0.74, d¼ 0.14
F¼ 4.96, df¼ 1375, p¼ 0.026); and Visual span total
(mean±SE¼ 0.52±0.15, F¼ 11.92, d¼ 0.05, df¼ 1, 374,
p¼ 0.001). See also Supplementary Table 3 and Supplemen-
tary Figure 1 for additional data.
No smokers in either treatment group quit smoking

entirely. Some changes in smoking intensity measures
(cigarettes per day, expired CO) were seen in smokers,
especially in the varenicline group (data to be reported
separately). To examine whether these smoking changes
mediated (accounted for) observed differences in cognitive
change in the varenicline group, we added the change in
expired CO or cigarettes per day at weeks 1, 2, 4, and 8 to
the mixed model analyzing treatment effects on cognition at
those weeks. The results of these mediation models
indicated that (1) changes in cigarettes per day or expired
CO did not show a statistically significant effect on cognitive
measures and (2) adding expired CO or cigarettes per day to
the mixed models did not importantly alter the estimated
magnitude of treatment effects (data not shown).

120 out-patients with schizophrenia

Randomization

60 Varenicline
(30 smokers and 30 nonsmokers)

60 Placebo
(30 smokers and 30 nonsmokers)

1 Dropped out before start of follow-
 up on treatment
14 Dropout:
  5 Withdrawal  consent
  5 Adverse events
  (3 nausea, 1 headache, 1 insomnia)
  2 Aggravated symptoms
  1 Protocol violation
  1 Others 

2 Dropped out before start of follow-
 up on treatment
12 Dropout:
  4 Withdrawal  consent
  3 Adverse events
  (1 nausea, 1 dry mouth,
  1 G-I trouble)
  2 Aggravated symptoms
  2 Protocol violation
  1 Others 

45 Completed trial
(23 smokers and 22 nonsmokers)

46 Completed trial
(24 smokers and 22 nonsmokers)

Figure 1 Diagram of participation in the study.
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Clinical and Safety Data

In a mixed model ANCOVA, no significant main effects of
treatment or time by treatment group interactions were
noted in the PANSS and SANS total scores or CGI severity.
Two patients each in the varenicline and placebo groups
showed aggravated psychotic symptoms and were with-
drawn from the study. No subjects in either group had
increases in depressive symptoms measured by HAM-D.
Overall, no significant changes were noted in the Simpson–
Angus Scale and Barnes Akathisia Rating Scale scores over
time in either drug group. For cumulative percentages of
patients showing new or worsened side effects over the
entire study, nausea (30.5% vs 10.3%; w2¼ 7.29, df¼ 1,
p¼ 0.007) and headache (10.2% vs 0.0%; Fisher’s exact test,
p¼ 0.027) were significantly higher with varenicline com-
pared with placebo.
This double-blind, placebo-controlled study evaluated the

effect of varenicline on cognitive dysfunction in people with
schizophrenia. Overall, our findings suggest some beneficial
effects of adjunctive varenicline for cognitive impairments
in people with schizophrenia. Statistically significant
cognitive improvements were seen on the Digital Symbol
Substitution Test (d¼ 0.14) and the Wisconsin Card Sorting
Test non-perseverative error (d¼ 0.13). In some cases,
baseline smoking status altered treatment effects: vareni-
cline improved compared with placebo on Continuous
Performance Test hit reaction time among smokers
(d¼ 0.26) and on Stroop Interference among non-smokers
(d¼ 0.38). In addition, on Digit Span Backward, estimated
varenicline–placebo differences were in opposite directions
(d¼ 0.15) in smokers (trend toward improvement) com-
pared with non-smokers (d¼ 0.12) trend toward worsening;
p¼ 0.03 for treatment� smoking interaction, although not

Table 1 Demographic and Baseline Clinical Characteristics of
Subjects

Varenicline
(n¼59)

Placebo
(n¼58)

Demographic and clinical characteristics

Sex

Male 38 45

Female 21 13

Mean SD Mean SD

Age (years) 39.9 8.6 39.9 9.9

Body mass index (kg/m2) 21.7 3.5 22.3 3.5

Education (years) 12.6 2.6 12.1 3.1

Age, onset of illness (years) 26.1 6.7 25.9 6.6

Duration of illness (years) 13.5 7.8 14.2 9.9

Korean version of Wechsler Adult
Intelligence Scale (Full scale IQ)

92.0 15.0 86.4 12.9

Positive and Negative Syndrome
Scale Total

61.4 16.0 64.1 16.4

Scale for the Assessment of
Negative Symptoms Total

32.3 15.2 35.1 13.9

Clinical Global Impression Severity 3.3 0.9 3.6 0.9

Hamilton Depression Rating Scale
Total

5.6 5.5 5.8 5.8

Simpson–Angus Rating Scale 3.4 3.6 3.3 3.0

Barnes Akathisia Rating Scale 0.3 0.7 0.2 0.4

Smoking information

N % N %

Number of smokers 29 49.2 30 51.7

Mean SD Mean SD

Duration of smoking (years) 20.9 10.2 21.5 10.2

Amount of smoking (cigarettes/
day)

15.0 5.2 14.0 6.5

Mean expired CO (p.p.m.) 13.4 7.6 16.1 7.4

Antipsychotic medication

Mean SD Mean SD

Chlorpromazine equivalent dose
(mg/day)

457.0 348.9 517.5 404.2

N % N %

Type

Second generation antipsychotics monotherapy

Risperidone 15 25.4 14 24.1

Olanzapine 6 10.2 6 10.3

Amisulpride 3 5.1 2 3.4

Quetiapine 1 1.7

Aripiprazole 1 1.7 1 1.7

Ziprasidone 1 1.7

First generation antipsychotics monotherapy

Haloperidone 21 35.6 20 34.5

Chlorpromazine 2 3.4 1 1.7

Perphenazine 2 3.4 4 6.9

Table 1 Continued

Varenicline
(n¼59)

Placebo
(n¼58)

Combined second- and first-
generation antipsychotics

8 13.6 9 15.5

Combined medications

N % N %

Anticholinergics, Benztropine 40 67.8 48 82.8

Mean SD Mean SD

Dose (mg/day) 0.74 0.31 0.68 0.35

N % N %

Antidepressants 5 8.5 4 6.9

Antianxiety agents 24 40.7 28 48.3

Mood stabilizers 11 18.6 11 19.0

Others 12 20.3 14 24.1

Three subjects who discontinued right after randomization are excluded from
the analysis.
No significant difference was found in all variables between varenicline and
placebo groups.
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significantly different from zero in either smoking status
group. In no case did patients assigned to varenicline
perform significantly worse than those on placebo. These
nominally significant findings occurred on two of nine tests
for treatment main effects and three of nine tests for
smoking by treatment interaction, and would not be
considered significant after adjustment for multiple com-
parisons. Accordingly, we cannot rule out that these
interesting results are due to chance.
It is a common phenomenon that progressive improve-

ment is seen following repeated cognitive function battery
administration (Kantrowitz et al, 2009). In this study,
significant time main effects detected for a number of
variables suggested that some change due to learning effects
in both treatment groups.
In previous studies in people with schizophrenia, smok-

ing improved Continuous Performance Test hit reaction
time (Levin et al, 1996), Card Stroop Test (Barr et al, 2008),

Wisconsin Card Sorting Test (Rabin et al, 2009), and
Visuospatial Working Memory (Sacco et al, 2005), while
abstinence from cigarette smoking may worsen visuospatial
working memory in people with schizophrenia (George
et al, 2002). In mixed model ANCOVAs in our study,
baseline smoking was related to average improvements in
both groups on the Continuous Performance Test, Digital
Symbol Substitution Test, and Visual Span test. However,
our secondary analyses of effects of expired CO and
cigarettes on cognition in the smoking groups demon-
strated little effect of changes in these quantitative markers
of nicotine exposure on the neurocognitive functioning, nor
any evidence that changes in smoking intensity mediated
varenicline effects on cognition. Failure to detect cognitive
effects of the significant reductions in daily smoking
intensity some participants achieved during this trial might
be accounted for in part by our requirement that smokers
consume one cigarette an hour before testing, and thereafter

Table 2 Primary Outcome Analysis: Changes in Neurocognitive Outcomes from Baseline to Week 8 by Treatment Group

Neurocognitive outcome

Varenicline Placebo
T-test for treatment difference

in change scores

N Mean SD N Mean SD T df P-value

Continuous Performance Test hit reaction time 46 �1.34 10.61 45 0.16 10.60 �0.68 89 0.5000

Continuous Performance Test detectability 46 0.21 0.45 45 0.20 0.43 0.08 89 0.9397

Digital Symbol Substitution Test 46 7.24 9.28 45 5.78 7.49 0.83 89 0.4113

Digit Span Forward 46 1.11 1.65 45 0.98 1.50 0.40 89 0.6932

Digit Span Backward 45 0.13 1.62 45 0.44 1.74 �0.88 88 0.3821

Visual Span 46 0.07 1.62 45 0.42 1.62 �1.05 89 0.2963

Stroop Interference T score 46 �4.48 8.39 45 �3.36 11.09 �0.55 89 0.5868

Wisconsin Card Sorting Test categories 46 0.89 2.30 44 0.70 1.68 0.44 82.32 0.6603

Wisconsin Card Sorting Test non-perseverative error 39 5.49 13.41 35 4.46 10.46 0.37 72 0.7157

Data are presented as mean and SD for change scores (week 8 minus baseline) by group for each of the cognitive outcomes, together with test statistics from t-test for
difference in change scores on each test.

Table 3 Learning Effects on Neuropsychological Outcome Measures Changes from Baseline by Follow-up Week, Placebo Group

Neuropsychological measurement

Estimated changes from baseline
Overall test for any
change among weeks

Week 1 Week 2 Week 4 Week 8
F df P-value

Mean SE Mean SE Mean SE Mean SE

Continuous Performance Test hit reaction time 0.17 1.13 �1.30 1.20 �0.78 1.16 0.03 1.51 0.48 4 43.9 0.7483

Continuous Performance Test detectability 0.09 0.05 0.17* 0.06 0.21* 0.06 0.18* 0.06 3.75 4 45.1 0.0102

Digital Symbol Substitution Test 3.16* 0.68 5.29* 0.79 5.61* 0.88 6.28* 1.09 11.69 4 44.3 o.0001

Digit Span Forward 0.48* 0.23 0.43* 0.21 0.82* 0.23 0.98* 0.22 5.47 4 46.4 0.0011

Digit Span Backward 0.04 0.21 0.49* 0.20 0.27 0.20 0.48 0.26 1.99 4 43 0.1130

Visual Span 0.45 0.23 0.45 0.24 0.39 0.20 0.48* 0.23 1.79 4 43.4 0.1486

Stroop Interference �1.07 2.13 �1.98 1.95 �3.67* 1.69 �4.06* 1.46 6.41 4 46.1 0.0003

Wisconsin Card Sorting Test categories 0.21 0.16 0.55* 0.19 0.75* 0.23 0.79* 0.25 3.37 4 42.8 0.0174

Wisconsin Card Sorting Test non-perseverative error 1.81 1.73 2.06 1.85 3.09 1.82 4.85 1.68* 2.33 4 36.1 0.0746

Post hoc t-tests from mixed model were performed to compare individual follow-up weeks with baseline. The overall F-test for any change among weeks and post
t-tests come from the mixed model ANOVA.
*po0.05.
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abstain from smoking until testing was completed. This
procedure would have reduced within-person changes in
acute nicotine levels during cognitive testing over the
course of the study.
Our findings are generally consistent with previous

studies, which have reported beneficial effects of varenicline
on cognition similar to those observed with nicotine. Smith
et al (2009) found significant improvements in an open
label study (N¼ 12) in schizophrenia in some areas of
cognition, particularly in the areas of verbal learning and
memory. Others have also reported cognitive improvements
in non-psychiatric populations in attention (Patterson et al,
2009) and working memory (Loughead et al, 2010;
Patterson et al, 2009) that are similar to what is observed
in animal studies (Rollema et al, 2007). Also a recently
published double-blind trial (Hong et al, 2011) found that
varenicline significantly reduced P50 sensory gating deficits
in non-smokers and reduced startle reactivity and improved
executive function regardless of smoking status. That study
used a lower dose and had a smaller sample size. Our
current study did not attempt to identify the optimal dose
of varenicline to maximize the cognitive effects of this
medication. In our study, titration up to 2mg/day varenic-
line was selected as described in a study by Gonzales et al
(2006), which attempted to find the optimal dose in healthy
that balanced efficacy and side effects. Some studies suggest
that second-generation antipsychotics may improve cogni-
tive deficits relative to first-generation antipsychotics (Keefe
et al, 2004), while others have not found any differences
between antipsychotic classes (Sergi et al, 2007). In this
study, there was no antipsychotic type� treatment inter-
action effect on cognitive function. Failure to detect such
effects could be due to lack of power to detect differences in
treatment effects among the groups.
Few prospective studies have measured the safety and

psychiatric effects of varenicline treatment in people with
schizophrenia. Some reports find no worsening in psychia-
tric symptoms in people with schizophrenia (Hong et al,
2011; Smith et al, 2009; Evins and Goff, 2008), while one

paper reports aggravation of psychotic symptoms with
varenicline (Freedman, 2007). We did not observe any
significant change in PANSS or SANS scores after adjunct
varenicline treatment. Two subjects treated with varenicline
were withdrawn for worsening of psychotic symptoms as
were two subjects treated with placebo. Thus, it is not clear
if varenicline was the cause of the clinical worsening.
Concerns regarding depression and suicidal ideation

following varenicline treatment have been raised (US FDA,
2008). In our study, no subjects showed significant
depressive symptoms or suicidal ideations. Our study
excluded major depressive disorder so we could not assess
worsening of pre-existing depression. Previous smoking
cessation studies have reported depressive symptoms
during cessation from cigarette smoking (Breslau et al,
2005). Therefore, varenicline should be used with caution in
schizophrenia patients with current or past depressive
disorders.
Nausea, insomnia, headache, and abnormal dreams are

common adverse events associated with varenicline use
(Gonzales et al, 2006). In this study, nausea and headache
were significantly higher in varenicline group than in
placebo group. No clinically significant drug interactions
with varenicline have been discovered to date. In this study,
we did not measure pharmacokinetic parameters, however,
no significant change in extrapyramidal symptoms or
akathisia was noted with varenicline treatment.
Several limitations to our study should be considered.

First, we focused on attention in this study and selected
neuropsychological tests relatively sensitive to measuring
attention. Measuring a broad range of cognitive domains
such as with MATRICS Consensus Cognitive Battery
(MCCB; Marder and Fenton, 2004) may better evaluate
cognitive effects in people with schizophrenia; however, a
Korean version of the MCCB was not available when this
trial was conducted. Second, 75.2% of subjects were taking
anticholinergic medications and 44% taking benzodiaze-
pines, which may affect cognition. However, the dose of
anticholinergic medications remained fixed throughout the

Table 4 Mixed Model Estimates of Treatment Differences by Cognitive Outcome and Smoking Status

Test

Smokers Non-Smokers
Test for treatment� smoking

interaction

Varenicline–
Placebo SE

Effect
size t df P

Varenicline–
Placebo SE

Effect
size t df P F df P

Continuous Performance Test
hit reaction time

�3.73 1.40 �0.26 2.64 376 0.01 0.22 1.35 0.02 �0.16 376 0.872 4.13 1 376 0.04

Continuous Performance Test
detectability

�0.08 0.01 �0.26 1.46 376 0.15 0.07 0.05 0.14 �1.19 376 0.23 3.53 1 376 0.06

Digital Symbol Substitution Testa 2.00 1.06 0.14 �1.88 375 0.06 1.73 1.05 0.12 �1.66 375 0.10 0.03 1 375 0.86

Digit Span Forward 0.42 0.24 0.14 �1.74 374 0.08 0.08 0.24 0.03 �0.33 374 0.74 1.01 1 374 0.31

Digit Span Backward 0.34 0.25 0.12 �1.38 373 0.17 �0.41 0.25 �0.15 1.66 373 0.10 4.66 1 373 0.03

Visual Span �0.17 0.22 �0.10 0.78 374 0.44 �0.23 0.21 �0.13 1.09 374 0.28 0.04 1 374 0.84

Stroop Interference T score 1.26 1.54 0.11 �0.82 375 0.41 �4.40 1.51 �0.38 2.91 375 0.00 6.82 1 375 0.01

Wisconsin Card Sorting Test
categories

0.22 0.25 0.11 �0.91 373 0.36 �0.41 0.24 �0.20 1.67 373 0.10 3.31 1 373 0.07

Wisconsin Card Sorting Test
non-perseverative errorb

�2.27 1.69 �0.20 1.34 311 0.18 �2.46 1.59 �0.22 1.54 311 0.12 0.01 1 311 0.94

aTreatment main effect on digit symbol substitution test: F¼ 6.15, df¼ 1, 375, p¼ 0.013.
bTreatment main effect on Wisconsin Card Sorting Test non-perseverative error: F¼ 4.12, df¼ 1311, p¼ 0.043.
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study to try to minimize their effect on treatment-related
changes in cognition. Also, the baseline levels of neuro-
psychological impairment in these chronic patients may
have been too severe to allow improvement during therapy;
different results might be seen in patients in early stages
of the illness or during acute exacerbations. Also, in
our analyses multiple treatment–placebo comparisons were
performed which increases the chance of a type I error.
Nominally significant findings (po0.05) were only seem in
secondary analyses with mixed models using all available
data at all visits on all subjects treated; the pre-designated
primary analysis of change scores from baseline to week 8
on completers found no significant varenicline–placebo
differences. The primary analysis may have lacked power
compared with the secondary analyses, because those
analyses incorporated more data from repeated observa-
tions and included subjects who dropped out early, and also
included exploratory tests for treatment� smoking interac-
tions. Finally, blood levels of nicotine or varenicline were
not measured to evaluate these levels on cognitive
performance and significant practice effects were seen in
this study.
In summary, our findings suggest some cognitive

improvements with use of adjunctive varenicline treatment
with antipsychotics in people with schizophrenia, although
this was not true across all cognitive measures considered.
In certain cases, cognitive improvement with varenicline
depended on status as smokers or non-smokers. Further
studies are needed to confirm our findings, and to evaluate
whether improvements in these cognitive measures are
reflected in functional improvements in daily life.
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