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Varenicline is an effective and increasingly prescribed drug for smoking cessation, but has been associated with depressive symptoms and

suicidal behavior. However, it remains unclear whether those changes in mood and behavior are directly related to varenicline use, or

caused by smoking cessation itself or reflects depression and suicidality rates in smokers, independent of treatment. To investigate the

influence of varenicline on mood and behavior independent of smoking and smoking cessation, we assessed the effects of varenicline on

emotional processing (a biomarker of depressogenic effects), emotion-potentiated startle reactivity, impulsivity (linked with suicidal

behavior), and cognitive performance in non-smoking subjects. We used a randomized, double-blind design, in which we administered

varenicline or placebo to healthy subjects over 7 days (0.5mg/day first 3 days, then 1mg/day). Cognitive and emotional processing was

assessed by a battery of computerized tasks and recording of emotion-potentiated startle response. A total of 41 subjects were

randomized, with 38 subjects included in the analysis. The varenicline group did not differ from placebo in terms of negative biases in

emotional processing or mood. However, compared with placebo, the varenicline group scored higher on working and declarative

memory. In conclusion, short-term varenicline use did not influence negative biases in emotional processing or impulsivity in non-smoking

subjects, thereby not supporting direct depressogenic or suicidal risk behavior-inducing effects. In contrast, varenicline may have

cognitive-enhancing effects.
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INTRODUCTION

Tobacco use, resulting from nicotine addiction, is the single
most preventable cause of disease, disability, and death
(National Center for Chronic Disease Prevention and Health
Promotion, 2011). Varenicline (Chantix, Champix), is the
most effective current pharmacological treatment for
nicotine addiction (Cahill et al, 2011). Varenicline exerts
its effect by binding as partial competitive agonist to a4b2–
nicotinic acetylcholine (nACh) receptors. Compared with
nicotine, varenicline has higher affinity for a4b2–nACh
receptors, but only 45% intrinsic activity (Rollema et al,
2007). Activation of nACh receptors from the a4 receptor

family is sufficient for nicotine-induced reward, tolerance,
and sensitization (Tapper et al, 2004), whereas b2-contain-
ing nACh receptors are primary substrates for nicotine’s
addictive properties (Picciotto et al, 1998).
a4b2 Receptors on mesolimbic dopaminergic neurons are

crucial for reward and considered responsible for nicotine’s
addictive potential (Laviolette and van der Kooy, 2004). The
partial agonist varenicline competitively blocks nicotine
binding to nACh receptors, and has been hypothesized to
prevent rewarding effects of nicotine use. In addition, through
its moderately stimulating effects, varenicline is expected to
decrease nicotine withdrawal symptoms (Cahill et al, 2011).
Despite effectiveness of varenicline in nicotine-dependent

patients, varenicline use decreased, because of associations
with neuropsychiatric adverse events (Williams et al, 2011).
Post-marketing surveys have reported associations between
varenicline and depression, aggression and suicidal ideation
(Medicines and Healthcare Products Regulatory Agency,
2008), which led to a boxed warning by the FDA.
However, because 30�40% of smokers have psychologi-

cal disorders (Lawrence et al, 2009), and smoking cessation
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can lead to depression (Covey et al, 1990), it is not clear
whether these adverse effects can be explained by smoking
and/or smoking cessation itself. Placebo-controlled trials of
varenicline reported associations of varenicline with sleep
disorders, but found no association with serious psychiatric
adverse events (Garza et al, 2011; Tonstad et al, 2010; Cahill
et al, 2011; Hong et al, 2011). However, these trials were
underpowered to detect rare—but serious—adverse events
(O’Malley, 2011).
There is no known pharmacological explanation of how

varenicline treatment would cause depressogenic adverse
events. On the contrary, being a partial nACh receptor
agonist, varenicline could reduce cholinergic system hyper-
activity hypothesized in depression (Patterson et al, 2009;
Philip et al, 2009). Indeed, in contrast to reported adverse
psychiatric events, varenicline has been discussed as
potential antidepressant (Philip et al, 2010; Mineur and
Picciotto, 2010).
In addition, varenicline increased n-back task perfor-

mance among abstinent smokers (Loughead et al, 2010),
consistent with cognitive-enhancing effects of central
cholinergic drugs including (A)Ch-esterase inhibitors do-
nepezil and rivastigmine (Ginani et al, 2011; Rokem et al,
2010). Although their cholinergic effects are, in contrast to
varenicline, not selective to nACh receptors, it could be
hypothesized that varenicline has similar cognitive-enhan-
cing effects.
As reports of neuropsychiatric adverse effects limit

varenicline’s potential to treat nicotine addiction and its
associated health risks, it is important to investigate
whether these effects are caused by varenicline or ceasing
smoking itself. This could be achieved by investigating
varenicline’s effects in non-smoking individuals, thereby
eliminating any possible bias by smoking status.
Studies specifically designed to induce serious adverse

events by varenicline in healthy non-smoking subjects
would cause ethical and power issues. Using predictive
biomarkers of depressogenic and suicide risk-enhancing
effects might help overcome these issues. Negative biases in
emotional processing are common in depression and are
believed to have an important role in its pathophysiology
(Harmer et al, 2011). These biases may serve as early and
sensitive predictors of drug-induced emotional changes and
depressogenic effects (Pringle et al, 2011a; Harmer et al,
2011). For example, depressogenic effects of rimonabant
and tryptophan depletion are reflected by observations of
negative biases in emotional processing (Hayward et al,
2005; Horder et al, 2012) despite absence of subjective
mood changes.
Furthermore, cholinergic modulations—particularly of

a4b2–nACh receptors (Tsutsui-Kimura et al, 2010)—have
been linked to impulsivity (Ohmura et al, 2012). In general,
antagonists reduce, whereas agonists increase impulsive
behavior (Ohmura et al, 2012), but this effect might be
modulated by baseline impulsivity (Potter et al, 2012).
Consequently, we were interested whether varenicline might
affect impulsivity, associated with suicide risk (Ohmura
et al, 2012).
Therefore, aims of our study were to test the hypotheses

that varenicline in non-smoking individuals would (I)
induce negative biases in emotional processing, (II) increase
impulsivity, and (III) enhance cognitive performance.

PATIENTS AND METHODS

Participants

We recruited non-smoking participants using posters and
web-advertisements. To exclude possible biases by (pre-
vious) nicotine use, we excluded subjects currently or
previously using any form of tobacco.
Participants had to be aged 18–35, and physically fit

(assessed by qualified medical doctors, eg, using electro-
cardiography) with a body mass index of 18.5–30 kg/m2. We
screened subjects using the Structured Clinical Interview for
DSM-IV Axis I Disorders (First et al, 1997) and excluded
subjects with personal and/or family histories of drug
and/or alcohol dependency, psychiatric illnesses or suicidal
ideation or acts, thereby minimizing risk of adverse events
for ethical reasons. We excluded subjects who were taking
psychotropic medication, or had taken part in studies
involving medication or used recreational drugs within the
last 3 months. To avoid retest effects, we excluded
participants who had taken part in studies involving the
emotional test battery (ETB).
Participants gave written informed consent. The study

was reviewed by the Berkshire Research Ethics Committee
(10/H0505/26). Participants received d125 reimbursement
for participation.

Procedure

In this double-blind study, we randomized participants to
receive either 10 capsules of 0.5mg varenicline tartrate
(manufactured by Pfizer Pharmaceuticals; intervention), or
placebo (lactose pills; control), identically packed to assure
blinding.
We administered the capsules for 7 days, using titration as

recommended by the manufacturer. For the first 3 days and
the 7th day, we instructed participants to take 1 capsule at
0800 hours, for days 4–6 we instructed participants to take
an additional capsule at 2000 hours. We used this lower dose
than the manufacturer’s recommended 1mg twice daily
(BID) for several reasons: (I) taking 0.5mg BID is predicted
to yield 60% of steady-state kinetics that would be achieved
using 1mg BID (Faessel et al, 2010), (II) varenicline is still
therapeutically effective at these doses with only slightly
lower abstinence rates (Oncken et al, 2006), and (III)
manufacturer’s recommended dose is intended for smokers,
and could give rise to tolerability issues in our non-smoking
population (Faessel et al, 2006). We asked subjects to refrain
from alcohol and recreational drugs during the study period
and from caffeine on the test day.

Measures

Subjective ratings. At baseline, we asked participants to
fill in the Beck depression inventory (BDI; Beck et al, 1996)
to assess subjective mood; state trait anxiety inventory
(STAI; Spielberger et al, 1983) to assess feelings of anxiety;
Eysenck personality questionnaire (EPQ; Eysenck and
Eysenck 1975) to assess personality traits; Befindlichkeits
scale (BFS; von Zerssen and Petermann 2011) to investigate
mood and energy; positive and negative affective schedule
(PANAS; Crawford and Henry 2004); visual analog
scales (VAS) to assess nausea, dizziness, hunger, anxiety,
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happiness, sadness, and alertness; and side effect question-
naires to assess nausea, headache, insomnia, odd dreams,
drowsiness, fatigue, dizziness, xerostomia, vomiting, and
diarrhea. On days 1–7, participants repeated the BFS,
PANAS, VAS, and side effect questionnaires each morning
before taking the capsule. In addition, participants repeated
the BDI, VAS, BFS, PANAS, and STAI before testing.

Emotional test battery. On day 7, we tested participants
from 1000 to 1330 hours using computer-based tasks. The
P1vital Oxford ETB detects biases in cognitive emotional
processing, thereby serving as early and sensitive predictive
biomarker for antidepressant (Harmer et al, 2011), but also
depressogenic effects (Horder et al, 2012). The ETB consists
of three subtasks: the facial expression recognition task
(FERT), word categorization and memory, and dot probe
task (DPT).

A detailed description is provided elsewhere (Harmer
et al, 2011). In brief, the FERT featured 250 stimuli
consisting of six basic emotions (happiness, surprise,
sadness, fear, anger, and disgust) from the pictures of affect
series (Ekman and Friesen 1976), morphed in variable
intensity and presented for 500ms. We instructed partici-
pants to quickly and accurately classify each facial emotion,
and measured accuracy and reaction times.

In the word categorization and memory task, we
presented 60 matched disagreeable or agreeable personality
characteristic words for 500ms. We asked participants to
categorize words as likeable or dislikeable when over-
hearing someone referring to them as possessing this
characteristic. Immediately following this task, we asked
participants to recall and write down as many words from
the task as possible in 2min. Subsequently, we measured
recognition memory using a computerized task consisting
of 60 target words and 60 matched distracters. Outcome
variables included number and valence of correctly
categorized words, correctly and falsely recalled words,
correctly recognized words, distractors falsely/correctly
recognized as (un)familiar, and categorization and recogni-
tion reaction times.

For the DPT, we presented 60 socially threatening–
neutral, 60 positive–neutral, and 60 neutral–neutral vertical
matched word pairs after a fixation cross. In the unmasked
condition, word pairs were presented for 500ms and then a
probe (either one or two stars) appeared in the location of
one of the preceding words. We asked participants to press
a button to indicate the number of stars. In the masked
condition, sequence of events was identical, except after
14ms word pairs were followed by a mask (constructed
from digits, letters and non-letter symbols, eg, @B%2#,
matched for word position and length) for 186ms. We
calculated vigilance reaction times as differences between
congruent (probes appeared in the position of the
emotional word) and in-congruent (probes appeared in
the opposite position to the emotional word) trials.

Emotion-potentiated startle task (electromyography). A
detailed description is provided elsewhere (Pringle et al,
2011b). Concisely, after a habituation session, we presented
63 pictures of different valence (pleasant, unpleasant, and
neutral), taken from the International Affective Picture

Scale (gender specified; Larson et al, 2000), for 13 s followed
by a picture with different valence, on a computer screen in
three blocks in fixed order. We recorded the eye-blink
component of startle reflexes using three lead electromyo-
graphy (EMG startle response system, San Diego Instru-
ments, San Diego, CA). Acoustic probes were 50ms, 95 dB
bursts of white noise, delivered binaurally through head-
phones at 1.5, 4.5, or 7.5 s following picture onset (Pringle
et al, 2011b). We calculated eye-blink reflex magnitudes and
z-transformed those to normalize data and reduce inter-
subject variability.

Impulsivity. We used the continuous performance im-
mediate memory task (IMT) to measure attention, memory,
and impulsive behavior (Dougherty et al, 2002), thought
to be linked to suicidal behavior (Ohmura et al, 2012). A
sequence of six-digit numbers appeared on the screen for
500ms each. We instructed participants to click when the
displayed number was identical to the one immediately
preceding it. Measurements included correct detections
(hits), commission errors (false alarms), and latencies
(weighted reaction times).

Cognitive tasks. We used a continuous performance
n-back task (adapted from Mannie et al, 2010) to measure
working memory, with three levels of increasing difficulty:
1-, 2-, 3-back tasks. We instructed subjects to indicate
whether letters presented on the screen (target) matched a
previously presented letter (cue). We presented letters as
pseudo-random sequences and instructed subjects to ignore
case. Subjects also performed a sensorimotor control task
(0-back) during which we requested them to respond to a
prespecified letter (x, X).

The Rey auditory verbal learning test (RAVLT) assesses
verbal learning, recall, and recognition (Rey, 1964). The
learning session consisted of five trials, during which
subjects had to listen to a word list and then repeat as
many words as possible in any order. We tested immediate
recall after subjects had learnt a second word list and
delayed recall after 20min. We used a list with 30 words (15
targets, 15 distractors) to assess word recognition.

Tasks were completed in the following order: ETB,
n-back, RAVLT, IMT, RAVLT continued.

Statistics. We analyzed data with IBM SPSS 19 using
repeated-measures analysis of variance (RMANOVA),
independent and paired samples t-tests, and Mann–
Whitney U-tests as appropriate. For selected outcome
variables, we calculated target sensitivities (d0) and response
biases (b) using the following formulas: d0 ¼ 0.5þ ((y�
x)(1þ y� x)/4y(1–x)) with 0od0o1, where higher values
indicate increased accuracy, and b¼ y(1� y) � x(1� x)/
y(1� y)þ x(1–x) with � 1obo1, where higher values
indicate conservative response style (few false alarms),
and x is probability of false alarms (number of false alarms/
number of distracters), whereas y is probability of hits
(number of hits/number of targets; Grier, 1971).

We used a priori power calculation to determine required
sample size. Based on previous behavioral studies (Horder
et al, 2012; Harmer et al, 2011), 40 participants would have
been needed to achieve a power of 0.9 to detect a medium
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effect size f¼ 0.25 (RMANOVA, two groups, Z2 repeated
measurements, a¼ 0.05, correlation among repeated
measures¼ 0.55; G*Power 3.1.3).

RESULTS

Of 41 included participants, 21 were randomized and
allocated to receive varenicline and 20 placebo. Two
participants in the varenicline group (o10%) withdrew
from the study because of side effects (flu-like symptoms
(N¼ 1) and nausea (N¼ 1)). One subject in the varenicline
group had to be excluded because of missing data
(Figure 1). Thus, 38 participants were included in the data
analysis (varenicline, N¼ 18; control N¼ 20).
Age and sex did not differ significantly between the two

groups (Table 1).

Subjective Rating

There were significant differences in the BDI, EPQ, PANAS,
BFS, or STAI neither before, nor during treatment (all
p40.14; Table 1).
For the VAS, no significant differences were found, except

for higher nausea scores in the varenicline group
(F1, 36¼ 7.652, p¼ 0.009).

Emotional Test Battery

Facial expression recognition task. A RMANOVA showed
neither a significant treatment� emotion interaction, nor a

main treatment-effect on target sensitivity (F6, 216¼ 0.746,
p¼ 0.548; F1, 36¼ 0.978, p¼ 0.329, respectively).

A RMANOVA showed a significant treatment� emotion
interaction for reaction times (F6, 216¼ 2.986, p¼ 0.026).
Independent samples t-tests for each emotion separately
revealed significantly slower responses in the varenicline
group to neutral faces (t35¼ 2.147, p¼ 0.039).

Word categorization and memory task. No treatment�
emotion interaction for accuracy score was observed in the
emotional categorization task (F1, 36¼ 0.157, p¼ 0.695). A
RMANOVA showed no differences between treatment in
terms of reaction times (F1, 36¼ 0.808, p¼ 0.375).

The emotional recall task showed no significant interac-
tion between treatment and emotion for number of
correctly recalled words (F1, 36¼ 0.581, p¼ 0.451), and no
main effect of treatment on performance regardless of
emotion (F1, 36¼ 0.172, p¼ 0.68).

The emotional recognition task showed no significant
treatment� emotion interaction for percentage of correctly
identified words (F1, 36¼ 0.001, p¼ 0.978). However, a trend
was observed for a main effect of treatment on accuracy
(F1, 36¼ 3.796, p¼ 0.059). T-tests showed that the vareni-
cline group recognized significantly more positive words
(t36¼ 2.162, p¼ 0.037, Cohen’s d¼ 3.0731).

The emotional recognition task showed a significant
treatment� emotion interaction for reaction times
(F1, 36¼ 5.974, p¼ 0.020), with faster responses in the
varenicline group to correctly recognize positive personality
(mean¼ 1326.77ms, SD¼ 266.11) vs negative personality

Figure 1 Participant flow. Participant flow chart and drop-out (based on a template from Consort 2010).
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(mean¼ 1485.54ms, SD¼ 285.81) characteristic words (pla-
cebo group, positive words: mean¼ 1362.45ms, SD¼
338.96, negative words: mean¼ 1387.27ms, SD¼ 276.17).

Dot probe. A three-way treatment� valence�mask
RMANOVA was used to analyze reaction times.
Treatment� valence (F1, 36¼ 1.267, p¼ 0.268) and mask�
treatment (F1, 36¼ 0.556, p¼ 0.461) interactions were not
significant. However, a trend existed for the three-way
treatment� valence�mask interaction (F1, 36¼ 3.222,
p¼ 0.081). Analyzing masking conditions separately, the
valence� treatment interaction was significant for the
unmasked condition (F1, 36¼ 4.452, p¼ 0.042), but not for
the masked condition (F1, 36¼ 0.377, p¼ 0.543). During the
unmasked condition, the varenicline group showed reduced
vigilance in response to negative compared with positive-
pairs compared with placebo, although individual post hoc
tests failed to reach significance (negative: t36¼ � 1.701,
p¼ 0.100; positive: t36¼ 1.527, p¼ 0.149)

Emotion-Potentiated Startle Task

A trend toward a treatment� valence interaction existed
(F2, 50¼ 2.955, p¼ 0.061; Figure 2). In addition, there was a
treatment main-effect, with significantly decreased magni-
tudes of startle response z-scores in the varenicline group
(F1, 25¼ 4.343, p¼ 0.048). Post hoc t-tests for each valence
separately showed that the between-subject effect was
mainly driven by decreased responses to neutral pictures
in the varenicline group compared with placebo (t25¼ 2.807,
p¼ 0.010). Differences in startle reflexes for other valences
were nonsignificant (p40.252). Post hoc paired samples
t-tests showed significant differences in startle reflexes to
unpleasant and neutral pictures in the varenicline group,
with lower responses to neutral pictures (t11¼ 2.492,
p¼ 0.030). Differences between other valences and all
comparisons in the placebo group were nonsigni-
ficant (p40.135). This suggests that the trend of a
treatment� valence interaction was also mainly caused
by decreased startle reflexes to neutral pictures in the
varenicline group.

Impulsivity

Immediate memory task. Two participants were excluded
from analyses because of technical difficulties. There was no
significant difference in target sensitivity d0 (t34¼ 0.497,
p¼ 0.622) and response bias b (t34¼ � 1.113, p¼ 0.273). In
addition, Mann–Whitney U-tests showed no differences for
A0 (p¼ 0.537) and B00d (p¼ 0.646). A RMANOVA showed
no treatment� latency interaction (F1, 34¼ 0.970, p¼ 0.332).

Cognitive Tests

N-back. One participant performed at chance level during
the sensorimotor control task (0-back), and was therefore
excluded from subsequent analysis. There was a significant
interaction between treatment and percentage of correct
trials (F3, 105¼ 3.43, p¼ 0.035). Post hoc tests showed that
this effect was only significant in the most difficult
condition (3-back), with more hits in the drug group
(p¼ 0.02, Cohen’s d¼ 0.71; Figure 3).

Rey auditory verbal learning test. One participant in the
varenicline group was excluded because of incomplete data.
A RMANOVA (F4, 140¼ 1.375, p¼ 0.256) showed no inter-
actions between treatment and percentage of remembered
words in the AVLT learning session.

However, there was a significant treatment� number of
recalled words interaction in the immediate and delayed
memory task, measured as percentages of learning scores
(F1, 35¼ 7.867, p¼ 0.008). In addition, there was a trend for a
main effect of treatment on number of recalled words
(F1, 35¼ 3.564, p¼ 0.067). Pairwise comparisons showed that
the varenicline group remembered significantly more words
compared with placebo in the delayed memory task

Table 1 Subject Characteristics

Varenicline
(N¼ 18)

Placebo
(N¼ 20)

p-
Value

Age (years), mean±SD 22.4±4.33 22.7±2.98 0.864

Sex, % female 55.6 50.0 0.732

Occupation, % 0.485

(PhD)-student 88.9 95.0

Other 11.1 5.0

Body weight (kg),
mean±SD

66.29±10.46 66.68±6.92 0.894

Body mass index,
mean±SD

22.8±2.33 22.6±1.96 0.782

BDI baseline, mean±SD 2.00±3.53 1.80±2.10 0.833

BDI endpoint, mean±SD 2.17±3.81 2.30±3.26 0.909

Abbreviation: BDI, Beck depression inventory.

Figure 2 Mean z-scores of startle reactivity for pleasant, unpleasant, and
neutral stimuli among non-smoking healthy subjects after 7 day randomized
treatment with placebo (N¼ 20) or varenicline (N¼ 18). Error bars
represent SEM.
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(p¼ 0.015, Cohen’s d¼ 3.75), but not in the immediate
memory task (Figure 4).

Data from the recognition task showed no significant
differences (Target sensitivity d0: t35¼ 0.442, p¼ 0.662, b:
t35¼ � 0.364, p¼ 0.714).

DISCUSSION

The present study aimed to investigate the influence of
varenicline on (I) emotional processing, (II) impulsivity,
and (III) cognitive performance. In a double-blind,
randomized study-design, non-smoking participants re-
ceived varenicline or placebo for 7 days. Subsequently,
participants performed several psychological tasks, includ-
ing the ETB and emotion-potentiated startle (biomarkers of
depressogenic effects), IMT (impulsivity as a risk factor for
suicidal behavior), n-back tasks (working memory), and the
auditory and verbal learning test (declarative memory).
Results show that varenicline has little effect on emotional
processing or impulsivity in healthy adults, thereby not
suggestive of depressogenic or undesired psychological
effects. On the contrary, a trend toward enhanced proces-
sing of positive emotional information has been found. In
addition, results suggest a cognitive-enhancing effect for
varenicline.
The ETB has been previously used as biomarker of

antidepressant and depressogenic effects of pharmacologi-
cal agents. In particular, although drug treatments for
depression enhance recall of positive versus negative self-
referent cues (Harmer et al, 2011), depressogenic manip-
ulations tend to have opposite effects (Hayward et al, 2005;
Horder et al, 2012). In the present study, there was no

evidence that one week administration of varenicline led
to negative emotional biases compared with double-blind
administration of placebo. On the contrary, varenicline had
a small, but statistically significant, positive effect on
emotional processing in the emotional categorization and
recognition task. Results from the emotion-potentiated
startle suggest that varenicline reduces eye-blink startle
responses, consistent with a previous report of reduced
startle reactivity in patients with schizophrenia following
varenicline administration (Hong et al, 2011). These results
are more consistent with previous research, which suggests
potential antidepressant activity (Patterson et al, 2009;
Philip et al, 2009; Mineur and Picciotto, 2010), than data
suggesting depressogenic effects.
Although present study’s results do not suggest depresso-

genic effects or changes in impulsivity, recent post-market-
ing surveillance studies reported associations between
varenicline and depression and suicidal/self-injurious
behavior (Moore et al, 2011; Harrison-Woolrych and
Ashton, 2011). However, randomized clinical trial data did
not show this influence of varenicline (Cahill et al, 2011;
Garza et al, 2011; Hong et al, 2011, Tonstad et al, 2010).
How could these discrepancies between our study, trial

data, and cohort studies be explained? Cohort studies can be
subject to several forms of biases, including stimulated
reporting through media awareness (Moore et al, 2011).
Placebo-controlled trials exclude these biases, but do not
have enough power to detect rare side effects (O’Malley,
2011). The present study did not use depressive symptoms
or suicidal behavior as an outcome, but rather predictive
depressogenic biases in emotional processing and impul-
sivity. In contrast to the drug rimonabant (Horder et al,
2012), results of the present study do not suggest

Figure 3 Mean percentage of correctly remembered letters (‘hits’) in
four parts of the n-back task with increasing difficulty among non-smoking
healthy subjects after 7 day randomized treatment with placebo (N¼ 20)
or varenicline (N¼ 18). Error bars represent SEM.

Figure 4 Recalled words as percentages of learning scores in the Rey
auditory verbal learning test (RAVLT) among non-smoking subjects after
7 day randomized treatment with placebo (N¼ 20) or varenicline
(N¼ 18). Error bars represent SEM.
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depressogenic or suicidal behavior risk-inducing effects of
varenicline in healthy non-smoking subjects.
These findings could have several reasons. First, reported

associations between varenicline use and depression and
suicide could result from bias, and are therefore not
observed in this and other placebo-controlled trials. Second,
varenicline could exert its potential depressogenic effects
through pathophysiological mechanisms not measured in
the present study. Third, the potential depressogenic effects
of varenicline could occur only in interaction with smoking
cessation, and were therefore not observed in the present
study’s non-smoking population. Fourth, varenicline could
only be potentially depressogenic in subjects at risk (eg,
with a (family) history of depression), who were excluded in
our study. To clarify these issues, future adequately
powered studies should investigate differential effects of
varenicline administration on emotional processing in
abstinent smokers and smokers who relapsed during
smoking cessation.
Although the present study does not suggest any

influence of varenicline on emotional processing or
impulsivity, it showed cognitive-enhancing effects of
varenicline on working and episodic declarative memory
tasks, characteristic of cholinergic agents (Ginani et al,
2011; Rokem et al, 2010). As varenicline has no affinity for
muscarinic receptors, the cognitive-enhancing effect of
cholinergic agents may be at least partially mediated by
nACh receptors. Besides through activation of the a4b2
subtype, this could also be due to varenicline’s full agonist
properties at the a7 subtype (Loughead et al, 2010).
Similarly, varenicline increased activity in brain areas

related to working memory and performance in the n-back
task (Loughhead et al, 2010). This cognitive-enhancing
property may alleviate cognitive deficits experienced as
withdrawal effects during nicotine abstinence, thereby
contributing to its therapeutic effect in smoking cessation.
Indeed, deficits in working memory predict relapse after
short nicotine abstinence (Patterson et al, 2010). Similarly,
cognitive enhancers are suggested in the treatment of other
addictions (Sofuoglu, 2010). In addition, varenicline’s
cognitive-enhancing effect might be therapeutically useful
in patients with cognitive impairments (Cocores and Gold,
2008).
Some limitations of the study merit discussion. First, only

half of the usually used dose (2mg) was given for a
relatively short period. As described in the Patients and
methods section, a balance had to be sought between safe
and tolerable doses in a non-smoking population and
adequate simulation of therapeutically effective doses.
Taking 0.5mg BID is predicted to yield 60% of steady-state
kinetics that would be achieved using 1mg BID (Faessel
et al, 2010), which has been shown to be almost equally
effective (Oncken et al, 2006). Furthermore, drop-outs—
occurring only in the varenicline group—suggest that the
selected dose was at the upper tolerability limit for non-
smokers. In addition, the ETB has been shown to be a
sensitive and early biomarker of potential (anti-)depresso-
genic effects, also able to detect effects after acute
treatments or even single doses (Harmer et al, 2011).
Therefore, we believe it is unlikely that effects only apparent
at higher and longer administered dosages might have
remained undetected. Second, multiple tests were used to

investigate hypotheses. However, because for the first two
hypotheses results led to falsification, this would not change
by correction for multiple testing. For the third hypothesis
on cognitive performance we used two tasks, and results
showed a consistent pattern of medium to large effect sizes.
Third, because the majority of participants were students,
who have a high proficiency level in cognitive tasks, the
cognitive-enhancing effect might be underestimated
because of ceiling effects. Finally, nicotine abstinence was
ascertained verbally; no drug screens have been utilized.
Nevertheless, the present study also had strengths. By

studying never-smoking subjects, we could assess the
influence of varenicline unconfounded from any bias by
current and/or previous smoking status. In addition, the
ETB may provide an early predictive (before subjective
mood ratings change) and sensitive measurement for drug-
induced emotional changes and depressogenic effects
(Pringle et al, 2011a; Harmer et al, 2011), thereby
surpassing ethical and power issues that would occur when
actual adverse events would have been measured.
In conclusion, 7 days varenicline treatment in healthy

non-smoking subjects did not negatively influence mood or
impulsivity, thereby not suggestive of depressogenic or
suicidal behavior. In contrast, varenicline increased accu-
racy scores in memory tasks, consistent with enhanced
cognitive performance. Trials in other populations com-
bined with results from post-marketing surveys are needed
to determine whether risk for serious adverse neuropsy-
chiatric events should limit varenicline’s potential to treat
nicotine addiction, and thereby reduce the tobacco use
associated health impact.
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