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Effect of a Brief Memory Updating Intervention
on Smoking Behavior
A Randomized Clinical Trial
Lisa J. Germeroth, PhD; Matthew J. Carpenter, PhD; Nathaniel L. Baker, MS; Brett Froeliger, PhD; Steven D. LaRowe, PhD; Michael E. Saladin, PhD

IMPORTANCE Recent research on addiction-related memory processes suggests that
protracted extinction training following brief cue-elicited memory retrieval (ie,
retrieval-extinction [R-E] training) can attenuate/eradicate the ability of cues to elicit learned
behaviors. One study reported that cue-elicited craving among detoxified heroin addicts was
substantially attenuated following R-E training and through 6-month follow-up.

OBJECTIVE To build on these impressive findings by examining whether R-E training could
attenuate smoking-related craving and behavior.

DESIGN, SETTING, AND PARTICIPANTS This prospective, mixed-design, human laboratory
randomized clinical trial took place between December 2013 and September 2015. Participants
were recruited in Charleston, South Carolina. Study sessions took place at the Medical
University of South Carolina. The participants were 168 screened volunteer smokers, of whom
88 were randomized; 72 of these 88 participants (81.8%) attended all the follow-up sessions
through 1 month. The primary eligibility criteria were current nicotine dependence (DSM
criteria), smoking 10 or more cigarettes per day, and a willingness to attempt smoking cessation.

INTERVENTIONS Participants were randomly assigned to receive either smoking-related
memory retrieval followed by extinction training (the R-E group) or nonsmoking-related
retrieval followed by extinction training (the NR-E group).

MAIN OUTCOMES AND MEASURES Primary outcomes were cue-elicited craving and
physiological responding to familiar and novel cues in the R-E group vs the NR-E group over
a 1-month follow-up period. Secondary outcomes were smoking-related behaviors.

RESULTS A total of 44 participants were randomly assigned to the R-E group (mean age, 48.3
years; 72.7% male); a total of 44 participants were randomly assigned to the NR-E group, with
43 attending at least 1 training session (mean age, 46.7 years; 55.8% male). The mean craving
response to both familiar and novel smoking cues was significantly lower for participants in
the R-E group than for participants in the NR-E group at 1-month follow-up (for both cue
types: t1225 = 2.1, P = .04, d = 0.44, and Δ = 0.47 [95% CI, 0.04-0.90]). The mean numbers of
cigarettes smoked per day at 2 weeks and 1-month were significantly lower for the R-E group
than for the NR-E group (treatment main effect: F1,68 = 5.4, P = .02, d = 0.50, and Δ = 2.4
[95% CI, 0.4-4.5]). Significant differences in physiological responses, urine cotinine level,
number of days abstinent, lapse, and relapse were not observed between groups (all
between P = .06 and .75).

CONCLUSIONS AND RELEVANCE Retrieval-extinction training substantially attenuated craving to
both familiar and novel smoking cues and reduced the number of cigarettes smoked per day by
participants 1 month after treatment relative to extinction training alone. Between-group
differences were not observed for physiological responses, cotinine level, number of days
abstinent, relapse, or lapse. In summary, R-E training is a brief behavioral treatment that targets
smoking-related memories and has the potential to enhance relapse prevention.
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T he role of learning and memory processes in addiction
has been well established in both theory and research.1-6

A fundamental source of this learning occurs when cues
chronically paired with drug reward gradually acquire the ca-
pacity to elicit a range of conditioned responses, such as crav-
ing and physiological reactivity. In the case of nicotine-
reinforced smoking addiction, individuals trying to quit
smoking commonly report that cue-elicited craving plays a cen-
tral role in smoking lapses.7-11 Smokers with increased vulner-
ability to cue-elicited craving and those who experience greater
reactivity to cues are less likely to quit successfully.12-15 These
findings, together with clinical studies demonstrating that first-
line cessation medications have only modest effects on cue-
elicited cigarette craving,16-19 suggest that there is a need to
develop treatments aimed at reducing cue-induced craving and
the associated relapse risk.

Initial efforts to address cue-elicited craving and reactiv-
ity were based on human and animal studies of extinction.20,21

Extinction training involves protracted, unreinforced expo-
sure to cues that control conditioned responding, the result of
which is a diminution of cue-elicited responding. In the case of
addictive behavior, extinction-based therapy became known as
cue exposure therapy and consisted of repeated exposure to
drug-associated cues in the absence of drug reward. Although
cue exposure therapy was intuitively appealing, efficacy stud-
ies have indicated minimal utility,22 possibly because extinc-
tion training does not alter the original learning but, rather, re-
sults in the development of inhibitory learning that suppresses
responding.20,21,23-27 Importantly, the ability of the inhibitory
learning to oppose the original learning and suppress respond-
ing is constrained by a number of factors, including the pas-
sage of time (ie, spontaneous recovery), the presence of novel
drug cues or contexts (ie, renewal), or the occurrence of drug
reward following drug administration (ie, reinstatement).28-30

Recent neuroscience research on memory reconsolidation sug-
gests that there may be a way to induce enduring changes in the
memories that support responding to cues.31,32

Reconsolidation refers to a retrieval-induced, time-
limited “window” of opportunity during which memories are
amenable to pharmacological or behavioral alteration. Phar-
macological agents aimed at attenuating reconsolidation of
fear-based and drug-reinforced learning have shown prom-
ise in both animals33-39 and humans.40-46 A recently devel-
oped behavioral approach to memory modulation involves the
strategic administration of extinction training during the re-
consolidation window.47,48 This retrieval-extinction [R-E] train-
ing is presumed to result in the updating of the original memory
with new information that is incongruent with the estab-
lished cue-drug contingency (ie, drug cues no longer predict
pharmacological reward). Because R-E training directly tar-
gets memories for drug-related learning, it is assumed to pro-
duce more enduring changes in drug-reinforced behavior than
can be achieved with conventional extinction.

To our knowledge, a recent study49 in Science provides the
only published human study examining the relevance of R-E
training on clinically relevant addictive behavior. In that clini-
cal translational study, Xue et al49 showed that, in heroin ad-
dicts, craving and cue-reactivity to heroin cues could be pro-

foundly impaired by 2 sessions of R-E training; importantly,
this effect was still evident 6 months after the intervention,
indicating a nearly complete absence of spontaneous recov-
ery. The primary goal of the present study was to replicate (par-
tially) and extend the findings of Xue et al49 by evaluating the
effects of R-E training on craving, physiological reactivity, and
smoking behavior in a sample of nicotine-dependent ciga-
rette smokers. The present study extended the study by Xue
et al49 by examining the effects of R-E training on drug use be-
havior (smoking behavior) and by examining the generaliz-
ability of treatment effects to novel drug cues.

The primary hypothesis was that R-E training would pro-
duce lower cue-elicited craving and physiological reactivity
(during follow-up test sessions) than conventional extinction
training (ie, nonsmoking-related retrieval–extinction [NR-E]
training). Secondary hypotheses were that (1) R-E training
would attenuate smoking (eg, reduce the number of ciga-
rettes smoked per day) and/or increase latency to smoking
lapse/relapse over the 1-month follow-up period, and (2) the
effects of R-E training would generalize to novel cues.

Methods
Participants
Participants were treatment-seeking cigarette smokers from
Charleston, South Carolina, who were recruited through me-
dia advertisement, fliers, and referrals from friends (Trial Pro-
tocol in Supplement 1). A brief telephone screening assessed
participant suitability via inclusion/exclusion criteria, and
qualified individuals underwent a more detailed assessment
at the Medical University of South Carolina. Primary inclu-
sion criteria included a willingness to attempt a 3-day cessa-
tion without cessation aids, smokeless tobacco, or electronic
cigarettes; meeting the DSM-IV criteria for current nicotine de-
pendence; and smoking 10 or more cigarettes per day for 3 years
or more. Participants were excluded if they were pregnant, met

Key Points
Question Can protracted extinction training following brief
cue-elicited memory retrieval attenuate smoking-related craving
and behavior?

Findings In this randomized clinical trial, retrieval-extinction
training substantially attenuated the craving response to both
familiar and novel smoking cues 1 month after treatment relative
to extinction training alone. Although no between-group
differences were observed for physiological responses, cotinine
level, number of days abstinent, relapse, and lapse,
between-group differences were observed for number of
cigarettes smoked per day during follow-up, and a marginal
difference was observed for a 60% smoking reduction at
follow-up.

Meaning A brief behavioral intervention that targets
smoking-related memory processes can attenuate
smoking-related craving and behavior, thereby suggesting the
possibility that it might aid cessation.
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diagnostic criteria for substance dependence other than nico-
tine in the past 60 days (abstinence verified via breathalyzer
and urine drug screening test during the baseline, 2 R-E or NR-E
training sessions, and a 24-hour follow-up session), or met di-
agnostic criteria for current/active (untreated) psychological
disorders (additional details of exclusion criteria can be found
in the eAppendix in Supplement 2). The trial was approved by
the institutional review board of the Medical University of
South Carolina and the protocol appears in Supplement 1. All
participants provided written informed consent prior to the
study.

Procedure
Figure 1 provides a diagrammatic summary of the study de-
sign and procedures. Participants attended a baseline session,
2 R-E or NR-E training sessions on consecutive days, and 24-
hour, 2-week, and 1-month postintervention follow-up test ses-
sions. After providing consent at the baseline session, partici-
pants provided demographic and clinical information. Smoking
abstinence was assessed using self-report verification (ie, the

timeline follow-back method50) and breath carbon monoxide
(CO) assessment, with overnight abstinence confirmed if the
participant’s breath CO level was 10 ppm or less. Abstinence
from alcohol and other drugs was confirmed via a breatha-
lyzer indicating a breath alcohol concentration of 0.0% and
negative test results from a urine drug screen, respectively. The
samples from the urine drug screens were also collected to es-
tablish cotinine levels. Participants then completed a baseline
cue-reactivity assessment. Precue and postcue assessments of
craving (using the self-report Craving Questionnaire51), nega-
tive affect (using a modified version of the self-report Mood
Form52), heart rate (HR), and blood pressure (BP) were col-
lected (Figure 1). Participants were reminded that abstinence
was required and monetarily compensated during the ensu-
ing 3-day period in which the 2 R-E or NR-E training sessions
and the 24-hour test session would occur.

At the 2 R-E or NR-E training sessions, participants under-
went a breath CO assessment, a urine drug screen, and breatha-
lyzer test after arriving at the Medical University of South Caro-
lina to assess compliance with abstinence. Upon verification

Figure 1. Study Design and Procedure

Assessment of smoking
cue reactivity and
smoking behavior

10 minR-E group
(smoking video)

10 minNR-E group
(neutral video)

Assessment of
cue-induced
craving

60 min
(extinction)

60 min
(extinction)

Day 2-3
Intervention

Day 1
Baseline

24-h, 2-wk, and 1-mo
Follow-up

Baseline
5 min

(retrieval)

10 min 10 min20 min

Acclimation
begins

60 min
(extinction)

Assessment of CQ, MF, HR,a and BP

5-min Video cues (neutral content
only at retrieval for the NR-E group;
otherwise, smoking content)

5-min Picture cues

5-min In vivo cues

5-min Smoking video cue

5-min Novel picture cue

Baseline

10 min 5 min 30 min

Acclimation
begins 5 min 5 min

Assessment of CQ, MF, HR,a and BP

The upper portion indicates the overall study design. The middle portion
indicates the assessment of the Craving Questionnaire (CQ), the Mood Form
(MF), heart rate (HR), and blood pressure (BP) at baseline, after the retrieval
video (the video had smoking content for the retrieval-extinction [R-E] group
but neutral, nonsmoking content for the nonsmoking-related

retrieval–extinction [NR-E] group), and postextinction cues (all cues contained
smoking content) during the R-E or NR-E training sessions. The lower portion
indicates CQ, MF, HR, and BP assessments during the 3 follow-up test sessions.
aTaken during the first 50 seconds of cue exposure; all other assessments were
taken at the end of a particular cue series.
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of abstinence from all substances at the first R-E or NR-E train-
ing session, participants were randomly assigned to either the
R-E group or the NR-E group. Only the 2 R-E or NR-E training
sessions involved a retrieval-cue presentation (5-minute smok-
ing retrieval videos for the R-E group and neutral videos for
the NR-E group) during the cue-reactivity assessment (Figure 1).
Precue and postcue assessments of the Craving Question-
naire, Mood Form, HR, and BP of each participant were col-
lected during the cue-reactivity assessment.

Participants completed test sessions (3) at 24 hours, 2
weeks, and 1 month after the second R-E or NR-E training ses-
sion (Figure 1). Participants provided breath CO, urine drug
screen, and breathalyzer assessments at test sessions (coti-
nine level was not assessed at the 24-hour test session) and
engaged in cue-reactivity assessments involving the presen-
tation of familiar smoking video cues and novel smoking pic-
ture cues. Measures of the Craving Questionnaire, the Mood
Form, HR, and BP were collected at the same times as during
the baseline and training sessions. Data on the secondary
smoking outcomes of the number of cigarettes smoked per
day, the percentage reduction in number of cigarettes smoked
from baseline, the number of days abstinent from cigarettes,
lapse, and relapse were collected between the 24-hour and
2-week follow-ups and between the 2-week and 1-month
follow-ups (lapse and relapse are defined in the eAppendix in
Supplement 2).

The primary outcomes were craving, negative affect, blood
pressure, and heart rate. The secondary outcomes included
number of cigarettes smoked per day, breath CO level, percent-
age reduction in number of cigarettes smoked from baseline,
number of days abstinent from cigarettes, lapse, and relapse.

Sample Size Estimation and Randomization
The study sample size estimation was based on the primary
outcome of cue-elicited craving during the test sessions, as well
as on the secondary smoking-related outcome of the number
of cigarettes smoked per day. The sample size of 88 random-
ized participants was determined to provide 80% power, at
α ≤ .05, to detect a minimum effect size of 0.66 for the con-
tinuous outcomes, even in the wake of higher-than-expected
study attrition. Stratified urn randomization was used to as-
sign participants to either the R-E group or the NR-E group.53

Urn variables were sex and level of nicotine dependence (de-
termined using the Fagerström Test of Nicotine Dependence54).
Nicotine dependence was stratified accordingly (a Fager-
ström Test of Nicotine Dependence score of ≤5 vs >5).

Statistical Analysis
Linear mixed effects models, generalized estimating equa-
tion models, and correlational analyses were used to analyze
data. Although not powered to evaluate group differences in
abstinence and abstinence-related milestones (lapse and re-
lapse variables noted above), we preliminarily examined these
outcomes. Latency to smoke was investigated using Cox pro-
portional hazard models where the first day following the ab-
stinence period was considered the beginning of the risk pe-
riod. Additional details pertaining to data management and
analysis are available in the eAppendix in Supplement 2.

Results

Participant Characteristics
A CONSORT flow diagram is shown in Figure 2. Of the 88 in-
dividuals randomly assigned to receive either R-E or NR-E train-
ing, 87 (98.9%) attended at least 1 training session, and 76
(86.4%) attended at least 1 test session (72 [81.8%] attended
all test sessions). There was no difference in retention to test
sessions between treatment groups (χ2

1 = 0.4, P = .53). Of the
participants who remained abstinent during the baseline ses-
sion and the 3-day window (2 R-E or NR-E training sessions and
a 24-hour test session), there were significant reductions in CO
level throughout (mean [SD] level at baseline session: 6.1 [2.4]
ppm; at first R-E or NR-E training session: 5.6 [2.6] ppm; at sec-
ond R-E or NR-E training session: 3.0 [1.6] ppm; at 24-hour test
session: 2.8 [1.7] ppm; F3,222 = 74.6, P < .001) with no signifi-
cant treatment-by-time effect (P = .50). Although follow-up ses-
sions were planned 2 weeks after and 1 month after comple-
tion of treatment, variation in time between follow-up sessions
occurred. The median time to the 2-week follow-up session was
14 days (range, 12-21 days), and the median time between the
2-week and 1 month follow-up session was 14 days (range, 10-32
days). There were no treatment assignment differences be-
tween the 2 study follow-up durations (2-week visit: Z = −0.7,
P = .50 and 1-month visit: Z = −0.1, P = .89). Baseline demo-
graphic and clinical characteristics are reported for treat-
ment groups in the Table.

Craving and Negative Affect
Craving decreased significantly across test sessions (Figure 3A;
final models adjusted for baseline craving, number of days be-
tween follow-up sessions, years of regular smoking, and sex;
F4,287 = 20.7, P < .001) while increasing within sessions fol-
lowing exposure to smoking cues (F16,219 = 2.4, P = .001). The
overall main effect of treatment assignment on craving re-
sponse during the test sessions was nonsignificant (F1,81 = 2.3,
P = .13), although craving response to both the smoking video
cues and the novel picture cues were significantly attenuated
in the R-E group compared with the NR-E group during the last
test session (for both cue types, t1225 = 2.1, P = .04, d = 0.44,
and Δ = 0.47 [95% CI, 0.04-0.90]). Negative affect decreased
significantly across test sessions (adjusted for baseline nega-
tive affect and number of days between follow-up sessions;
F4,291 = 7.9, P < .001). However, there was not a significant over-
all main effect of treatment on negative affect during test ses-
sions (F1,83 = 1.8; P = .19).

Physiological Responses
Blood pressure increased significantly within each training and
test session with presentation of the cues (systolic BP [SBP]:
F16,219 = 4.3, P < .001; diastolic BP [DBP]: F16,219 = 6.6, P < .001)
but did not change significantly across test sessions (ad-
justed for baseline BP; P = .95 and .45 for SBP and DBP, respec-
tively). There was a marginally significant main effect of treat-
ment on SBP (F1,82 = 3.8, P = .06), with higher SBP in the R-E
group vs the NR-E group during follow-up sessions. How-
ever, there was no main effect of treatment on DBP (F1,82 = 1.1;
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P = .16). There was also no difference in BP during the last test
session that paralleled the craving response (all between P = .54
and .92). Although HR decreased significantly within each ses-
sion (F16,1217 = 14.2, P < .001), there was a significant increase
in HR across sessions (adjusted for baseline HR; F4,287 = 8.5,
P < .001). There was no effect of treatment on HR during test
sessions (F1,72 = 0.5, P = .47), including the final test session
(familiar cues: t415 = 1.5, P = .12; novel cues: t415 = 0.9, P = .38).

Smoking Behavior
Following the 2 training sessions, participants in the R-E group
reported smoking fewer cigarettes per day relative to those in
the NR-E group (Figure 3B and C; the treatment main effect
was F1,68 = 5.4, P = .02, d = 0.50, and Δ = 2.4 [95% CI, 0.4-
4.5] after adjusting for number of cigarettes smoked per day
at baseline, number of years of regular smoking, sex, and base-
line negative affect). In addition, there was trend-level evi-
dence that a greater percentage of participants in the R-E group
(51.5%) than in the NR-E group (25.6%) achieved a 60% reduc-
tion in smoking (from baseline) during follow-up (risk ratio,
1.62 [95% CI, 0.98-2.67], P = .06; at 2-week and 1-month fol-
low-up time points, P = .18 and .04, respectively). No differ-
ences were found for 50% and 75% reductions in cigarettes
smoked during follow-up (50% reduction: risk ratio, 1.35 [95%
CI, 0.93-1.96], χ2

1 = 2.4, P = .12; 75% reduction: risk ratio, 1.80

[95% CI, 0.84-3.84], χ2
1 = 2.3, P = .13). Expired CO levels were

significantly attenuated in the R-E group compared with the
NR-E group at the 1-month test session (adjusting for base-
line negative affect and race; t67 = 2.2, P = .03, d = 0.47;
Figure 3B). Despite a significant reduction in the number of
cigarettes smoked per day and in CO level for the R-E group
relative to the NR-E group, differences in urine cotinine lev-
els (adjusted for baseline cotinine levels), total number of days
abstinent (adjusted for number of cigarettes smoked per day
at baseline), and smoking lapse failed to reach significance be-
tween the R-E group and the NR-E group (all between P = .72
and .75). In addition, the 2 groups did not differ on measures
of smoking relapse (7-day criterion: hazard ratio, 0.88 [95%
CI, 0.55-1.44], P = .38; 3- to 5-day criterion: hazard ratio, 1.42
[95% CI, 0.85-2.39], P = .19 [both adjusted for number of ciga-
rettes smoked per day at baseline]; see eAppendix in
Supplement 2 for definitions of relapse measures).

There were no significant moderating effects of craving on
treatment for any of the smoking outcomes (all P > .15). How-
ever, higher cue-induced craving was correlated with greater
negative affect (video cues: ρ = 0.18, P = .03; picture cues:
ρ = 0.20, P = .02), higher HR (picture cues: ρ = 0.20, P = .02),
and fewer abstinent days (video cues: ρ = −0.29, P < .001; pic-
ture cues: ρ = −0.31, P < .001) and was marginally correlated
with higher CO level (picture cues: ρ = 0.14, P = .08). There were

Figure 2. CONSORT Flow Diagram

168 Assessed for eligibility
(100 men and 68 women)

80 Excluded
30 Did not meet inclusion criteria

8 Declined to participate
42 Other reasons

1 Withdrawna

88 Randomized

44 Randomized to R-E group baseline/
training sessions 1 and 2
38 Received intervention as

randomized
6 Did not receive intervention

as randomized
2 Did not attend training session 2
4 Did not remain abstinent

from smoking

24-h Test
1 Withdrawnb

1-mo Test
2 Did not attend laboratory session

2-wk Test
1 Lost to follow-up
2 Did not attend laboratory session

24-h Test
1 Did not remain abstinent from smoking

1-mo Test
0 Did not attend laboratory session

2-wk Test
0 Lost to follow-up
1 Did not attend laboratory session

43 Randomized to NR-E group baseline/
training sessions 1 and 2
40 Received intervention as

randomized
3 Did not receive intervention

as randomized
2 Did not attend training session 2
1 Did not remain abstinent

from smoking

Other reasons for exclusion prior to
randomization included not attending
the randomization session, data
integrity issues, and enrollment in the
study after recruitment goal was
achieved. NR-E indicates
nonsmoking-related
retrieval–extinction;
R-E, retrieval-extinction.
aOne participant was withdrawn from
the trial after randomization owing to
cotinine levels indicating that she was
a nonsmoker.
bOne participant was withdrawn
owing to reporting that he smoked in
between training sessions.
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no additional significant correlations between cue-induced
craving and negative affect, physiological measures, biochemi-
cal verification assessments, and smoking behavior (all be-
tween ρ = 0.01 and 0.13; all between P = .14 and .91).

Discussion
The primary findings of this study were that R-E training sig-
nificantly reduced craving and the number of cigarettes
smoked per day relative to massed extinction training with-
out retrieval (ie, NR-E training). Importantly, the self-
reported smoking findings were corroborated by assessment
of CO levels. These findings are consistent with the reconsoli-
dation hypothesis, which would assert that a very brief (5-
minute) smoking cue video, followed shortly after by massed
extinction, would result in the updating of the cue-drug con-
tingency in memory and produce the observed behavioral out-
comes. In summary, to our knowledge, this study is the first
investigation to evaluate the effects of a brief R-E training pro-

cedure on clinically relevant smoking behavior, with craving
and smoking reductions either emerging or maintained at
1-month follow-up, respectively.

The present findings are consistent with the seminal work
by Monfils et al,47 which showed that R-E training produced
reductions in conditioned fear that are resistant to spontane-
ous recovery, renewal, and reinstatement. Furthermore, the
present findings are consistent with a growing body of posi-
tive human and animal laboratory studies,25,48,49,55-62 but in-
consistent with several negative reports,43,45,63-66 the latter of
which may be attributed to between-study methodological
differences67 and interindividual differences.68-70 The clini-
cal utility of R-E training has been examined in only 2 previ-
ously published studies. One was the previously noted study
by Xue et al49 and the other71 used R-E training with spider pho-
bics and found significant clinical benefits in both the R-E train-
ing and control groups. However, the equivalent outcomes
were likely attributable to either a failure to induce reconsoli-
dation or the occurrence of implicit fear reactivation in both
groups.

Table. Demographic and Clinical Characteristics of Treatment Groupsa

Characteristic

Participants, No. (%)

Statisticb P Valuec
Group R-E
(n = 44)

Group NR-E
(n = 43)

Age, mean (SD), y 48.3 (12.5) 46.7 (12.8) t = 0.56 .57

Sex

Male 32 (72.7) 24 (55.8)
χ2 = 2.71 .10

Female 12 (27.3) 19 (44.2)

Race

Black 23 (52.3) 23 (53.5)
χ2 = 0.13 .91

White or otherd 21 (47.7) 20 (46.5)

Education

No HS completion 3 (6.8) 4 (9.3)

χ2 = 0.27 .87HS graduate or equivalent 15 (34.1) 13 (30.2)

Some college or college graduate 26 (59.1) 26 (60.5)

Employed

Yes 19 (43.2) 13 (30.2)
χ2 = 1.57 .21

No 25 (56.8) 30 (69.8)

Annual household income, $

≤20 000 18 (40.9) 24 (55.8)
χ2 = 1.94 .16

>20 000 26 (59.1) 19 (44.2)

Marital status

Married 12 (27.3) 12 (27.9)
χ2 = 0.004 .95

Othere 32 (72.7) 31 (72.1)

Age at first cigarette smoked, mean (SD), y 15.0 (4.4) 13.9 (4.8) t= 1.06 .29

No. of cigarettes smoked/d,f mean (SD) 16.9 (6.7) 16.0 (7.8) t = 0.54 .59

CO level, mean (SD), ppm 6.2 (2.3) 6.2 (2.7) t = 0.27 .79

Cotinine level, mean (SD), μg/L 871.1 (613.7) 1067.4 (584.2) t = 1.53 .13

History of smoking, mean (SD), y 28.1 (12.1) 27.8 (13.3) t= 0.09 .93

No. of past quit attempts, mean (SD) 5.6 (18.8) 5.7 (8.4) t = 0.01 .99

FTND total score, mean (SD) 4.9 (2.0) 4.8 (1.6) t= 0.24 .81

No. of MINI diagnoses

0 7 (15.9) 10 (23.3)

χ2 = 1.66 .441 9 (20.5) 5 (11.6)

≥2 28 (63.6) 28 (65.1)

Abbreviations: CO, carbon monoxide;
FTND, Fagerström Test of Nicotine
Dependence; HS, high school;
MINI, Mini-International
Neuropsychiatric Interview;
NR-E, nonsmoking-related
retrieval–extinction;
R-E, retrieval-extinction.

SI conversion factor: To convert
cotinine to nanomoles per liter,
multiply by 5.675.
a All assessments were collected at

baseline.
b Group differences were assessed via

t tests (continuous) or χ2 tests
(categorical). For all t tests, df = 85,
and for all χ2 tests, df = 1.

c From 2-tailed tests, with α < .05.
d Includes persons who identified as

white, Asian, Native American,
Alaskan native, or Native Hawaiian
or other Pacific Islander.

e Identifies persons never married,
separated, divorced, or widowed.

f Data on the number of cigarettes
smoked per day are reported for the
past 2 weeks prior to the baseline
session (assessed via the timeline
follow-back method).
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The present study extended the findings of Xue et al49 to
nicotine-dependent smokers, documenting attenuated smok-
ing cue-elicited craving at 1-month follow-up but not at ear-
lier test sessions. The self-reported number of cigarettes
smoked per day was significantly lower in the R-E group at both
the 2-week and 1-month follow-up test sessions. We also ob-
served significant reductions in CO level at 1-month fol-

low-up only. The contrasting delayed vs immediate effects of
R-E training on craving vs smoking, respectively, was some-
what unexpected. However, one possible explanation per-
tains to the control group receiving extensive massed cue ex-
posure, which may have resulted in the accrual of considerable
extinction-related inhibition. It is possible that the extinc-
tion effects in the NR-E group persisted for approximately

Figure 3. Craving- and Smoking-Related Outcomes by Treatment Group
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2 weeks, thereby making it difficult to detect craving differ-
ences between the groups. However, with the passage of suf-
ficient time and the cumulative effects of nicotine exposure
via smoking (analogous to drug-primed reinstatement), the in-
fluence of extinction-related inhibition eroded in the NR-E
group, while the effects of memory updating, which are known
to be resistant to spontaneous recovery and drug-primed re-
instatement, persisted in the R-E group. The net result of these
2 divergent processes was the emergence of differential crav-
ing at the 1-month test session. By contrast, the more imme-
diate occurrence of group differences in smoking behavior
could have been due to the relatively weak effects of extinction-
related inhibition in the control group vs the relatively robust
effects of updating in the R-E group.

The present study is the first to demonstrate the general-
izability of R-E training effects in a clinical sample. Specifi-
cally, we observed attenuated cue-elicited craving in re-
sponse to both familiar and novel cues at 1-month follow-up.
Together with R-E training effects on craving, the attenua-
tion of smoking behavior is notable and impressive. Impor-
tantly, smoking behavior was reduced even at 1-month follow-
up, with a trend toward a higher percentage of smokers in the
R-E group reducing their cigarette intake by 60% relative to
the NR-E group. This suggests the possibility that R-E train-
ing endows participants with the ability to resist “reinstate-
ment” of smoking and that R-E training may confer an advan-
tage over cue exposure/extinction training in preventing relapse
to smoking. Collectively, the results of this study suggest that
R-E training may have the potential for use as an aid to smok-
ing cessation.

The present study also sheds light on the issue of bound-
ary conditions, especially as related to the effectiveness of re-
consolidation manipulations on remote memories. Although
a number of investigators suggest that remote memories are
not amenable to alteration,37,72,73 our data highlight the pos-
sibility that memories resulting from innumerable drug-cue
pairings over many years may be amenable to updating via R-E
training. Thus, the present data foster a hope that memories
relevant to addictive behavior may be altered to achieve de-
sirable clinical outcomes.

Despite the noteworthy findings of the present study, there
were some unexpected findings. First, the absence of a be-
tween-group difference in urine cotinine levels was unexpect-
edly inconsistent with the findings regarding craving, num-
ber of cigarettes smoked per day, and CO level. However, it is
likely that urine cotinine level is not sufficiently sensitive to
detect group differences in the number of cigarettes smoked
per day, especially since urine cotinine level has been shown
to be only 75% accurate in distinguishing between smokers and
abstainers (across 10 studies74). Second, Xue et al49 reported
significantly attenuated cue-induced SBP among partici-
pants in their retrieval group, whereas we found the opposite
(although marginal) effect. This and other discrepant find-
ings between the 2 studies could be explained by consider-

able methodological differences. For instance, the heroin ad-
dicts in Xue et al49 were in an inpatient hospital setting over
the course of follow-up and, therefore, were drug-free, whereas
the participants in our study could and did smoke through-
out follow-up.

Limitations
Among our study limitations, the relatively short follow-up pe-
riod stands out. The impressive attenuation of cue-elicited crav-
ing and smoking behavior appears as though it may have per-
sisted beyond the 1-month follow-up window. Thus, it would
be important to determine whether R-E training’s effects am-
plify and endure beyond the time frame observed here. We
were also not sufficiently powered to examine a full range of
smoking outcomes in the present study. A larger sample might
have provided the additional power to detect group differ-
ences in relapse milestones for which we observed marginal
trends. Although double-blinding would have been an attrac-
tive design feature, the blinding of participants would have
been unachievable, and the blinding of study staff would have
been very challenging and highly vulnerable to penetration.
Finally, we did not assess motivation to quit at study comple-
tion and, therefore, were unable to determine whether it was
altered by R-E training.

In addition to addressing these limitations, future re-
search should use imaging methods to explore the effects of
R-E training on the neural circuits implicated in craving and
smoking outcomes. Future research might also examine the
efficacy of R-E training when used as part of a multicompo-
nent intervention consisting of both behavioral (eg, cognitive-
behavioral therapy) and pharmacotherapy elements. The ease
with which R-E training is administered would make it an es-
pecially good candidate for use with other interventions. Re-
trieval-extinction training could be easily adapted to treat other
substance use disorders or anxiety disorders (eg, posttrau-
matic stress disorder).

Conclusions
To our knowledge, this study is the first investigation to evalu-
ate the effects of R-E training on clinically relevant smoking
behavior. We observed an impressive attenuation of cue-
elicited craving and smoking in the R-E group through 1-month
follow-up. In addition, R-E intervention’s effects generalized
to novel smoking cues. The absence of between-group differ-
ences in cotinine level, number of days abstinent, and lapse
and relapse variables was somewhat unforeseen, although we
were not powered to evaluate group differences for most of
these outcomes. In summary, the present study provides ini-
tial, compelling evidence that a brief reconsolidation-based in-
tervention can attenuate smoking-related craving and behav-
ior and points to the possibility that it may have utility as an
aid to smoking cessation.
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