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Abstract
Background—Bupropion may aid tobacco abstinence by quickly relieving symptoms of
nicotine withdrawal, perhaps including impaired cognitive performance. We examined whether
bupropion would attenuate abstinence-induced cognitive deficits on the first day of a brief quit
attempt, when smokers are most likely to relapse.

Methods—Smokers (N=24) with high quit interest were recruited for a within-subjects cross-
over test of bupropion vs placebo on ability to abstain during separate short-term practice quit
smoking attempts. After introduction to working memory (N-back) and sustained attention
(continuous performance task; CPT) tasks during the pre-quit smoking baseline, performance on
these tasks was assessed after abstaining overnight (CO<10 ppm) on the first day of each quit
attempt, while on bupropion and on placebo.

Results—Compared to placebo, bupropion after abstinence improved correct response times for
working memory (p=.01 for medication by memory load interaction) and for one measure of
sustained attention (numbers, but not letters; p<.05).

Discussion—Bupropion may attenuate some features of impaired cognitive performance due to
withdrawal on the first day of a quit attempt. Future studies could examine whether this effect of
bupropion contributes to its efficacy for longer-term smoking cessation.
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1. INTRODUCTION
Smoking abstinence has been shown to impair cognitive performance, including working
memory (e.g., Jacobsen et al., 2005; Xu et al., 2005), and this withdrawal-related cognitive
impairment can predict smoking relapse (Patterson et al., 2010; Powell et al., 2010).
Nicotine reverses abstinence-induced cognitive impairment (Myers et al. 2008), suggesting
that smoking lapses after quitting may be aimed partly at moderating this impairment.
Moreover, cessation medications that can attenuate such withdrawal-induced impairment
during a quit attempt, especially varenicline, may help prevent relapse (Loughead et al.,
2010; Patterson et al., 2009).

Bupropion increases ability to quit smoking, likely due to partial relief of withdrawal
(Jorenby et al., 1999). This relief clearly includes attenuation of negative affect (Lerman et
al., 2002) but also may include reducing impaired cognitive processing, although prior
results may be mixed (e.g., Acheson and de Wit, 2008). The current study examined whether
bupropion would rapidly attenuate the decline in cognitive performance on the first day of a
brief quit attempt, when smokers are at high risk for relapse (e.g., Hughes et al., 2013). We
measured working memory with the N-back task and sustained attention using the
continuous performance task (CPT) because varenicline (versus placebo) significantly
improves performance on both tasks during tobacco abstinence (Patterson et al., 2009).
These measures also have been used to assess cognitive performance effects of other
medications (e.g., Ashare et al., 2012).

2. METHOD
2.1 Participants

Participants were 25 healthy adult smokers (13 men, 12 women) recruited for a larger,
within-subjects test of medication vs placebo on ability to abstain during separate short-term
practice quit attempts in a cross-over design, similar to that described in more detail
elsewhere (Perkins et al., 2010; see also Loughead et al., 2010). The medication conditions
tested included placebo and bupropion, which was selected because it is effective for
smoking cessation. A third within-subject condition involved modafinil and was not
included in these analyses since modafinil was intended in the larger study as a negative
control (i.e., ineffective for cessation) due to its absence of symptom relief (see Schnoll et
al., 2008). Participants were required to smoke ≥10 cigarettes per day for ≥1 year and
provide a screening expired-air carbon monoxide (CO) of at least 10 ppm. All were planning
to quit smoking permanently within three months of entering the study and were offered 12
weeks of free counseling and open-label bupropion to quit smoking after the study, in
addition to being paid for participation.

To assess effects of bupropion and placebo on cognitive performance during initial smoking
abstinence, only these 25 subjects, able to meet overnight abstinence criteria during the first
day of both quit attempts (i.e., CO<10 ppm on bupropion and on placebo), were included in
the analyses of medication effects on cognitive tasks of sustained attention and working
memory. (In the larger study, 20 others failed to abstain on the first day during one or both
conditions and were excluded from these analyses.) One of these 25 participants was
excluded from analyses due to missing data while on placebo. Of the 24 included in
analyses, 19 were Caucasian, 2 were Asian, 2 were more than one ethnicity and 1 of
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unknown ethnicity, and mean (SD) characteristics were 36.0±14.0 years old, 16.3±5.9
cigarettes/day, and 4.2±2.0 score on the Fagerstrom Test of Nicotine Dependence (FTND;
Heatherton et al., 1991).

2.2 Cognitive Tasks
The computerized cognitive testing consisted of the Letter-N-back task (working memory)
and the Penn Continuous Performance Task (CPT; sustained attention). Briefly, in the N-
back task (Ragland et al., 2002), letters were presented individually on a monitor under three
trial conditions varying in memory load. Participants were instructed to respond (button
press) when the letter shown was an “X” (0-back; to determine simple response time not
involving working memory), or the same as the letter shown immediately prior (1-back
condition) or the letter shown two prior (2-back condition). Each letter was shown for 500
msec, followed by a 2500 msec interval until the next letter. The Penn CPT, developed and
validated by Gur and colleagues (Gur et al., 2010; Kurtz et al., 2001), used a paradigm
involving two separate trials, where subjects viewed a series of 7-segment line displays.
They were instructed in two separate runs to respond whenever these lines formed a number
(“numbers” trial) or a letter (“letters” trial). Each stimulus was shown for 300 ms, followed
by a 700 ms blank screen interval. For both the N-back and CPT, twice as many non-targets
as targets were shown in random sequence, and median response time (ms) for correct
responses was the primary outcome of interest.

2.3 Procedures
Subjects were first introduced to the tasks while smoking ad libitum during a baseline week
prior to receiving any medication. Then, participants were tested in the afternoons on the
first day of each of two week-long quit smoking attempts while on bupropion (150 mg
b.i.d.) or placebo medication administered double-blind (in counter-balanced order), similar
to that described elsewhere (Perkinset al., 2010). Each quit attempt was preceded by a week
of medication dose run-up. Overnight abstinence (>12 hr) on day 1 of each quit period was
assessed upon arrival by self-report of no smokingsince the previous day and verified by
CO<10 ppm. Task sessions were separated by at least ten days, with all participants
resuming smoking (if quit) after each medication condition(i.e., washout period).
Withdrawal was assessed prior to testing on each session using the Minnesota Nicotine
Withdrawal Scale (MNWS; Hughes and Hatsukami, 2007). This research was approved by
the University of Pittsburgh Institutional Review Board, and all participants provided
written informed consent for participation after the nature and consequences of the study
was explained.

2.4 Analyses
Because task orientation performance during the ad lib smoking baseline session always
occurred first and could not be counter-balanced with the abstinence periods, those results
are presented solely to illustrate responses during non-abstinence, compared with those due
to medication effects during abstinence. Repeated-measures multivariate analysis of
variance (MANOVA) with follow up ANOVA were used to examine medication (bupropion
vs placebo) effects on cognitive task performance. Preliminary comparisons assessed
gender, which did not significantly affect responses to both cognitive tasks, either as main
effects or in interactions with the medication conditions (all F’s < 1). For all analyses of both
tasks, medication condition was a within-subjects factor, and median response time (ms) for
correct responses served as the primary dependent variable. Similar analyses were
conducted for number of correct responses. For the N-back task, memory load (0-, 1-, 2-
back) was included as an additional within-subjects factor, and the follow up analysis
focused on medication effects for the largest load difference, between 0- and 2-back (i.e.,
medication X memory load interaction effects). For the Penn-CPT task, we included type of
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stimulus (numbers or letters) as a within-subjects factor, with follow-up ANOVA’s
exploring medication differences within each type. Medication order (i.e., placebo condition
before bupropion, or bupropion condition before placebo) did not interact significantly with
these analyses for either task (all p’s >.30). Effect sizes of particular interest are shown by
partial eta-squared values (ηp

2), indicating the percent of variance explained, with ηp
2 values

of at least .06 and .14 constituting medium and large effects, respectively (Cohen, 1988).

3. RESULTS
3.1 CO and withdrawal after overnight tobacco abstinence

Mean (SE) COs for those able to abstain overnight were 2.8±0.3 and 3.1±0.4 ppm for
placebo and bupropion, respectively, compared to 21.8±1.9 ppm during the smoking
baseline session. Similar values for MNWS withdrawal were 26.9±3.9 for placebo and
20.8±3.6 for bupropion, F(1,23)=3.54, p=.07, compared to 14.0±2.8 during smoking
baseline.

3.2 N-back task
Mean of the median response time (RT) on correct responding for the working memory task
during abstinence, by medication (bupropion and placebo) and memory load, is shown in
Figure 1, along with RT at initial smoking baseline. For RT, there was a significant main
effect of medication, F(1,23)=8.25, p<.01, ηp

2 =.26, as overall RT was faster under
bupropion vs. placebo. As expected, RT was also influenced by memory load (0-, 1-, 2-
back), F(2,46)=11.31, p<.001, ηp

2=.33. Notably, there was also a significant interaction
between medication X memory load, F(2,46)=5.15, p=.01, ηp

2=.18. Follow up ANOVA on
the difference between 0- and 2-back showed that bupropion, vs. placebo, improved
processing efficiency (reduced median response time) for high-load working memory
performance, F(1,23)=7.03, p=.01, ηp

2 =.23. Again as expected, number of correct responses
was affected by memory load, F(2,46)=6.55, p=.003, as mean (SE) number correct was less
for 2-back vs 0-back, 14.25±.26 vs 14.98±.02, respectively, but not different by medication,
F(1,23)<1, or medication X memory load, F(2,46)<1.

3.3 Penn-continuous performance task
There was no main effect of medication on median RT on the CPT sustained attention task
during abstinence, F(1,23)=2.34, ns. As expected, since the number task is easier than the
letter task given the vastly higher number of potential foils for letters, there was a significant
main effect of stimulus type (numbers/letters), F(1,23)=69.75, p<.001, ηp

2 =.75; RT was
faster for responses to numbers compared to letters (Table 1). Notably, we found a
significant interaction between medication X stimulus type, F(1,23)=4.83, p<.05, ηp

2=.17.
Bupropion improved median RT for the number stimulus, F(1,23)=4.42, p<.05, ηp

2 =.16, but
not for the letter stimulus, F(1,23)=.58, ns. Number correct was also greater for the number
vs letter stimulus, 59.8±0.1 vs 59.0±0.3, respectively, F(1,23)=7.11, p<.02 for stimulus type,
but did not differ by medication or by medication X stimulus type, both F(1,23)<1 (see
Table 1).

4. DISCUSSION
Compared to placebo, bupropion improved working memory (N-back), and one measure of
sustained attention (RT for numbers on the CPT), after overnight smoking abstinence. These
results suggest that one component of bupropion’s mechanisms for aiding smoking cessation
could be attenuation of mild cognitive effects that occur early in nicotine withdrawal. Our
findings indicate that this potential beneficial therapeutic effect of bupropion may be
apparent early in cessation, after less than a full day of abstinence. Thus, bupropion,
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varenicline (Loughead et al., 2010, Patterson et al., 2009), and nicotine replacement (e.g.,
Myers et al., 2008), each FDA-approved for cessation, may be efficacious in part because of
their ability to moderate cognitive impairment during abstinence. The duration of these
therapeutic effects of bupropion on cognitive performance with prolonged cessation may be
uncertain and warrant study (e.g. Cinciripini et al., in press).

Regarding strengths of this study, bupropion’s effects were demonstrated following
overnight tobacco abstinence and compared to those of placebo in a powerful within-
subjects design. This method minimizes error variance between medication conditions,
which were presented in counter-balanced order. We also assessed cognitive performance
with two widely used tasks, addressing working memory (N-back) and sustained attention
(CPT), to show some evidence of generalizability of bupropion’s cognitive processing
effects. In terms of limitations, only subjects able to abstain overnight could be included in
analyses. This element introduces a potential self-selection bias, since performance during
continued smoking would preclude assessing medication effects on cognitive impairment
due to withdrawal. Also, although all participants were selected for high interest in quitting,
testing here was done during short-term quit attempts for study purposes, and bupropion
effects on cognitive performance early in a permanent quit attempt may differ.
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Fig. 1.
Mean±SE of the median response time for correct responses on N-back task of working
memory, by memory load, during initial smoking baseline to learn the task and due to
placebo or bupropion after overnight tobacco abstinence (N=24). * p=.01 for the difference
between bupropion and placebo in responding to 2-back vs 0-back.
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Table 1

Number and response time for correct responses on the Continuous Performance Task (Letters, Numbers)
during smoking baseline and due to placebo or bupropion after overnight abstinence (N=24).

Measure

Mean (SE)

Baseline Placebo Bupropion

CPT True Positives (# correct)

 Letters 57.7 (0.4) 59.2 (0.3) 58.9 (0.4)

 Numbers 58.9 (0.4) 59.8 (0.1) 59.8 (0.1)

CPT Correct Response Time (ms)

 Letters 423.1 (10.2) 438.1 (10.5) 433.1 (10.8)

 Numbers 394.8 (9.8) 418.3 (12.5) 402.4 (11.3)*

*
p<.05 for difference between placebo and bupropion.
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