
Working Memory Deficits Predict Short-term Smoking
Resumption Following Brief Abstinence*

Freda Patterson1, Christopher Jepson1, James Loughead1, Kenneth Perkins2, Andrew A.
Strasser1, Steven Siegel1, Joseph Frey3, Ruben Gur1, and Caryn Lerman1,4
1Department of Psychiatry, University of Pennsylvania
2 Department of Psychiatry, University of Pittsburgh School of Medicine
3 AstraZeneca, Wilmington, Delaware
4Abramson Cancer Center, University of Pennsylvania

Abstract
As many as one-half of smokers relapse in the first week following a quit attempt, and subjective
reports of cognitive deficits in early abstinence are associated with increased relapse risk. This study
examined whether objective cognitive performance after three days of abstinence predicts smoking
resumption in a 7-day simulated quit attempt. Sixty-seven treatment-seeking smokers received either
varenicline or placebo (randomized double-blind) for 21 days. Following medication run-up (days
1-10), there was a 3-day mandatory (biochemically confirmed) abstinence period (days 11-13) during
which working memory (Letter-N-Back Task) and sustained attention (Continuous Performance
Task) were assessed (day 13). Participants were then exposed to a scheduled smoking lapse and
instructed to try to remain abstinent for the next 7 days (days 15-21). Poorer cognitive performance
(slower correct reaction time on Letter-N-Back task) during abstinence predicted more rapid smoking
resumption among those receiving placebo (p=.038) but not among those receiving varenicline.
These data lend further support for the growing recognition that cognitive deficits involving working
memory are a core symptom of nicotine withdrawal and a potential target for the development of
pharmacological and behavioral treatments.

Keywords
nicotine; addiction; withdrawal; smoking relapse; cognition

1. Introduction
Following a quit attempt, smokers commonly report withdrawal-related cognitive symptoms
(Hughes, 2007; Ward et al., 2001), and objective deficits in attention and working memory
have been documented in human laboratory studies (Mendrek et al., 2006; Myers et al.,
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2008). Nicotine re-exposure following deprivation reverses these cognitive deficits in animals
(Davis et al., 2005) and humans (Myers et al., 2008), supporting the hypothesis that relapse to
smoking may occur as an attempt to ameliorate these deficits. Efficacious medications, such
as varenicline, also reverse abstinence-induced cognitive deficits, suggesting that cognition
may be a valuable target for the development of pharmacological and behavioral therapies
(Lerman et al., 2007; Patterson et al., 2009; Raybuck et al., 2008).

Few studies have examined the relationship between withdrawal-related cognitive deficits and
smoking relapse. In smokers with schizophrenia, poor performance on sustained attention
(Culhane et al., 2008) and working memory tasks (Dolan et al., 2004) predicts relapse, with
similar findings among depressed smokers (Kassel et al., 2007). Only one study has examined
the role of cognitive deficits in relapse among healthy smokers (Rukstalis et al., 2005), showing
that self-reported inattention predicts relapse.

This human laboratory study examined whether objective cognitive performance after 3-days
of abstinence predicts resumption to smoking in a 7-day simulated quit attempt. We
hypothesized that slower performance on working memory and sustained attention tasks during
abstinence would predict faster smoking resumption among smokers treated with placebo. No
such relationship was expected among smokers treated with varenicline, because varenicline
attenuates abstinence-induced cognitive deficits (Patterson et al., 2009).

2. Methods
2.1. Study Participants

Treatment-seeking smokers were recruited from September 2006 to August 2007. Eligible
participants were ≥ 18 years of age and reported smoking ≥ 10 cigarettes per day for the previous
12 months. Standard exclusion criteria for varenicline were used (Patterson et al., 2009).

2.2. Procedures and Treatment
Study procedures were approved by the University of Pennsylvania Institutional Review
Board. Data were collected within a prior human laboratory study of varenicline versus placebo
effects on cognitive symptoms (Patterson et al., 2009). This prior study used a within-subject
cross-over design to assess medication effects; however, due to the presence of carryover
effects of varenicline on quitting in the prior study, the present analysis of the relationship of
cognitive deficits to resumption of smoking was conducted using data from the first medication
period only; 35 participants received placebo and 32 participants received varenicline in the
first period.

Following a baseline assessment of demographics, smoking history and cognitive performance,
participants completed a 21-day medication period. Varenicline (or matching placebo) was
administered according to standard treatment guidelines (Pfizer, 2007). The 21-day paradigm
included a 10 day medication run-up (days 1-10), a 3-day biochemically confirmed (CO ≤
10ppm) mandatory abstinence period (days 11-13), a programmed lapse during which
participants smoked their own brand cigarettes (day 14), and a 7-day observation period during
which participants were instructed to try to remain abstinent after receiving a brief (20-minute)
counseling session (days 15-21).

Cognitive performance tasks (see below) were administered at baseline (smoking as usual) and
on the third day of the mandatory abstinence period. Abstinence during the 7-day observation
period was assessed by self-reports of daily smoking, and verified by breath CO on Days 15,
17, 19, and 21 (CO ≤ 10 ppm required). Participants received a small ($15 daily) incentive for
meeting abstinence criteria (days 11-13 and 15-21) (Juliano et al., 2006).
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2.3. Measures
2.3.1. Demographics and smoking history—Sex, age, race and number of cigarettes
smoked per day were assessed at baseline.

2.3.2 Neurocognitive task performance—Sustained attention and working memory
were evaluated using the Penn Continuous Performance Task (P-CPT) (Kurtz et al., 2001) and
the Letter-N-Back task (Ragland et al., 2002), respectively. Due to limited variability in the
number of correct responses, we utilized median reaction time for correct responses as the
primary predictor of smoking resumption. This measure is sensitive to abstinence effects and
varenicline effects (Patterson et al., 2009). [Please see supplemental material available with
the online version of this paper for task descriptions].

2.3.3. Outcome Variable—The outcome variable was days to smoking resumption, defined
as the number of consecutive days of abstinence during the 7-day observation period.
Abstinence for each day was assessed by self-report and biochemically confirmed as described
above.

2.4. Statistical Analysis
Pearson correlations were used to test for associations between cognitive performance on day
13 and days of abstinence within each treatment group; for purposes of illustration, t-tests were
used to compare mean cognitive performance scores of participants who were able to remain
abstinent for the full seven days to those who were not. Cognitive variables (day 13) with
significant univariate associations with subsequent days of abstinence were tested in Cox
regression models, separately within the placebo and varenicline groups. Models controlled
for sex, baseline smoking rate and baseline task performance. Additional models in the full
sample tested for a possible interaction effect of treatment and cognitive performance on days
of abstinence.

3. Results
3.1 Study Participants

Of the 67 participants included in the analysis (two were excluded for not achieving abstinence
on study days 11-13), 57% percent were female and the mean age was 43.6 years (S.E.=1.42).
The mean number of cigarettes smoked per day at baseline was 21.6 (S.E.=1.22). Sixty-one
percent reported European ancestry, 37% were African American and 2% reported other
ethnicities. The varenicline and placebo groups did not differ significantly with regard to any
baseline variables.

3.2. Days to Smoking Resumption following the Programmed Lapse
The mean days to smoking resumption in the varenicline group was 4.19 (S.E.=0.54) and 2.57
days (S.E.=0.50) for those in the placebo group (t=2.21, p=.03).

3.3 Associations of Cognitive Performance with Days to Smoking Resumption
In the placebo group, overall correct reaction time on the Letter-N-back working memory task
was significantly associated with days to smoking resumption during the observation phase
(r=−0.38, p=.025). Thus, faster reaction time predicted more days to smoking resumption. Post-
hoc analyses of memory load blocks indicated that correct reaction time on the 3-back trials
(highest working memory load) was most strongly related to days to resumption to smoking
(r=−.45, p=.006). Performance on 1-back and 2-back trials exhibited nonsignificant trends for
association (r=−.32, p=.058, and r=−.29, p=.10, respectively), as did performance on the Penn
Continuous Performance Test (r=−.27, p=.12). The results of the Cox regression are shown in
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Table 1. Among participants in the placebo group, performance (correct reaction time) on 3-
back trials was a significant independent predictor of days to smoking resumption, controlling
for baseline performance and covariates (p=.038).

As predicted, there were no significant relationships between cognitive performance and days
to smoking resumption in the varenicline-treated group. Correlations between Letter-N-Back
correct reaction time and days to smoking resumption in this group ranged from r=−0.14 (p=.
45) for overall correct reaction time to r=−0.05 (p=.78) for correct reaction time on 3-back
trials. The correlation between Continuous Performance Test correct reaction time and days
to smoking resumption was r=−0.16 (p=.40). Among participants in the varenicline group,
Letter-N-Back performance was not a significant predictor of days to smoking resumption in
the Cox regression model (p=.81).

Figure 1 illustrates correct reaction time on 3-back trials among 7-day abstainers versus
relapsers on varenicline or placebo. In the placebo group, abstainers had significantly faster
correct reaction times on 3-back trials (t (33 df)=4.32, p < .001), consistent with the analysis
of days to smoking resumption reported above. In the varenicline group, correct reaction times
did not differ between abstainers and relapsers (t (30 df)=0.44, p=.66).

In the Cox regression model including all participants, the interaction of group by Letter-N-
back (3-back trials) performance was not significant (p=37).

4. Discussion
There is abundant evidence that smokers experience abstinence-induced deficits in cognitive
function (Jacobsen et al., 2005; Mendrek et al., 2006; Myers et al., 2008). Data from the current
study extend this work by demonstrating, for the first time in healthy treatment-seeking
smokers, that these abstinence-induced cognitive deficits predict short-term smoking
resumption. Specifically, among participants receiving placebo (i.e., abstinent, no medication),
slower reaction time on the most difficult trials of a working memory task (i.e., the 3-back task)
predicted faster smoking resumption during a 7-day simulated quit attempt. Importantly, our
model controlled for baseline, “smoking as usual” reaction time, which bolsters our
interpretation that the observed deficits are likely to be abstinence-induced.

These data are consistent with prior studies of smokers with comorbid psychiatric illness. For
example, among smokers with schizophrenia, slower reaction time at baseline reduced the odds
of continuous abstinence 4 weeks after quitting (Culhane et al., 2008). In formerly depressed
smokers, slower reaction time predicted increased risk of relapse at 12-month follow-up
(Kassel et al., 2007). Our data extend these findings by showing that subtle differences in
reaction time after 3 days of abstinence predict fewer days to smoking resumption in a non-
psychiatric population of smokers.

While further research is needed, emerging support for the role of cognitive function in smoking
relapse has implications for treatment development. Consistent with prior evidence for reversal
of withdrawal-related cognitive deficits in animals and human smokers treated with varenicline
(Patterson et al., 2009; Raybuck et al., 2008), abstainers and relapsers receiving varenicline in
the current trial had comparable reaction times. Thus, part of varenicline's efficacy for smoking
cessation may be attributable to its effects on cognitive performance during abstinence
(Patterson et al., 2009). Further evidence suggests that some smokers may be more susceptible
to cognitive deficits and altered brain function in abstinence, such as those carrying the val
allele of the catechol-0-methyltransferase (COMT Val158Met) gene (Loughead et al., 2008).
Interestingly, deficits in this prior study were most pronounced during the 3-back task,
consistent with the current evidence that 3-back performance is the best predictor of smoking
relapse. Taken together, these data support the premise that the development of treatments,
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both behavioral and pharmacologic, to enhance post-abstinence cognitive performance could
be a viable strategy to improve cessation outcomes. Results from this line of research could
potentially support the use of cognitive performance tasks as an early screening tool for
treatment efficacy and to characterize individual differences in relapse risk.

While this is the first study of cognitive deficits and relapse in healthy treatment-seeking
smokers, there are some limitations. The sample size of each group, while large for a human
laboratory study, is relatively small for assessing predictors of smoking resumption. Second,
this study assessed days to smoking resumption over a brief 7-day period in a simulated quit
attempt, and the relationship between cognitive performance and days to relapse during a
clinical trial may be different. Third, the definition of abstinence used in this study (CO
≤10ppm), although appropriate for a smoking cessation trial, may also be considered too liberal
for a human laboratory of smoking lapses. Finally, only two cognitive tasks were included in
this study. Larger studies that include a broader range of cognitive tasks and assess abstinence
in a clinical trial would be an important next step to elucidate the role of cognitive deficits in
smoking relapse and treatment response.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
3-Back Correct Reaction Time for Relapsers and Abstainers in the 7-day Observation Period
by Treatment Assignment. The group difference is significant in the placebo condition (p<.
001), but not in the varenicline condition (p=.66).
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Table 1

Cox Regression Analysis of Days to Smoking Resumption in the Placebo Group

Variable Hazard Ratio 95% Confidence Interval p

Sex 1.256 (0.551, 2.861) .59

Baseline cigarettes/day 0.765 (0.548, 1.067) .12

Baseline 3-back performance 0.986 (0.661, 1.469) .94

Abstinent 3-back performance 1.618 (1.027, 2.550) .038
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