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Abstract
Background—Abstinent drug users remain at risk for relapse long after withdrawal subsides.
Animal studies indicate that responses to drug-related cues not only persist, but increase, with
abstinence, a phenomenon termed “incubation of drug craving”. It is unknown if cue-induced
craving increases, decreases, or remains constant with abstinence in humans. We investigated
effects of abstinence on cue-induced craving in cigarette smokers.

Methods—Eighty-six non-treatment-seeking, adult smokers (≥ 10 cigarettes daily) were paid to
abstain for 7 (Group 1), 14 (Group 2), or 35 (Groups 3, 4) days. Abstinence was verified daily.
Groups 1, 2, and 3 underwent a single cue session on the final abstinence day (7, 14, or 35). Group
4 viewed cues on days 7, 14, and 35.

Results—Between and within groups, smoking-cue-induced craving increased with abstinence
on some measures. Cue-induced craving was greater in Group 3 (35-day) compared to Group 1 (7-
day). Within Group 4, cue-induced craving was greater at 35 than 14 days. Cue-induced craving
did not decrease with abstinence on any measure.

Conclusions—We present initial evidence of incubation of cue-induced craving in humans. The
observation that cue-induced craving increases with abstinence, even as “background” craving and
withdrawal symptoms subside, may have treatment implications.
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INTRODUCTION
Relapse is a persistent problem for abstaining drug users. Commonly, relapse occurs soon
after quitting when withdrawal symptoms are pronounced [1]. However, many users relapse
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long after withdrawal has abated, implicating processes other than withdrawal relief in
relapse [1–2]. Factors underlying time-delayed relapse are poorly understood [2]. One factor
thought to play a role is conditioned craving induced by cues associated with drugs [3].
Drug-related cues robustly increase subjective cravings [3–4], and, to a lesser extent,
physiological indices [4]. Stimuli paired with drugs reliably reinstate drug seeking in
laboratory animals trained to self-administer drugs [5]. In humans, the relationship between
cue reactivity and relapse appears less direct [6], and may be modulated by variables such as
the ability to inhibit habitual behavior. Nevertheless, there is evidence that drug-related cues
play a role in relapse [7–8].

Although cue-induced craving appears to precipitate relapse, little is known about the time
course of cue-induced craving in humans. In rodents [9] and non-human primates [10], cue-
induced drug seeking increases with longer abstinence, a phenomenon termed “incubation
of drug craving” [9]. Incubation of craving has been reported in rats trained to self-
administer cocaine [9], heroin [11], methamphetamine [12], and nicotine [13]. However,
incubation of drug craving has not been demonstrated in humans. Indeed, conventional
wisdom and the decreasing time course of relapse rates [1] suggest that responses to drug-
paired cues abate, rather than incubate, with abstinence. Some treatment strategies reflect
this idea, advising newly abstinent users to avoid exposure to drug-related cues [14].
However, studies in which abstinence lengths are controlled have not been undertaken; it
thus remains unclear whether cue-induced craving increases, decreases, or remains stable
with abstinence duration in humans.

In this translational study, we employed an experimental approach to investigate the time
course of cue-induced craving in humans. We studied smokers because tobacco is a
commonly used addictive substance. Based on laboratory animal findings, we hypothesized
that smoking cue-induced craving would increase with abstinence after both single and
repeated cue exposure.

METHODS
Non-treatment-seeking, healthy male and female adult smokers (≥10 cigarettes daily) were
recruited. Candidates were excluded for medical or psychiatric contraindications (see
Supplement). Participants provided written informed consent as approved by the University
of Chicago and NIDA IRP Institutional Review Boards.

The main design was between-subjects. Participants were randomly allocated to three
groups: Group 1 abstained from smoking for 7 days, Group 2 for 14 days, and Group 3 for
35 days. Participants were exposed to a single cue session on the final abstinence day. Group
4, enrolled as a separate cohort for a within-subjects component, abstained for 35 days, with
cues on days 7, 14, and 35. During abstinence, participants attended the laboratory daily for
biochemical abstinence verification and self-report measurement of withdrawal (see
Supplement). Participants were paid $30 per day; those not abstaining were removed from
the study.

During cue sessions, neutral and smoking cues were presented in random order in separate
rooms. For smoking cues, participants viewed 30 smoking-related photographs while
holding a lit cigarette. For neutral cues, participants viewed neutral pictures while holding a
pencil cut to cigarette length. Cigarette smoke provided an olfactory smoking cue, and a
scented candle provided the neutral olfactory cue. Measures collected before and after cues
included heart rate and blood pressure, salivary cortisol, and subjective measures. Subjective
measures were the Tobacco Craving Questionnaire – Short Form (TCQ-SF) [15] Total, the
Brief Questionnaire of Smoking Urges (QSU-B) [16] Factor 1 and 2 subscales, and the
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Positive and Negative Affect Schedule (PANAS) [17] Positive and Negative Affect
subscales.

To assess whether smoking cues were effective, we combined data from Groups 1–3, and
used t-tests comparing within-session change scores (post-cue minus pre-cue) for smoking
versus neutral cues. Only outcome measures sensitive to smoking cues were included in
main analyses. Group differences were assessed with ANOVAs, using polynomial contrasts
testing for linear trends (Group 1>2>3). Planned contrasts compared Groups 1 and 2, and 1
and 3. Dependent variables were within-session change scores, with smoking and neutral
cues analyzed separately. A similar approach tested group differences in baseline cue
session craving. In Group 4, we assessed cue-reactivity and cue baseline scores in repeated-
measures regressions (Proc Mixed) using day (7, 14, and 35) as the predictor; Tukey-Kramer
pairwise comparisons were made between days. Analyses were done with SPSS 17.0 and
SAS 9.0. Alpha was 0.05, two-tailed.

RESULTS
Eighty-six participants completed the study (Supplement: Figure S1, Tables S1 and S2).
About half the participants began but did not complete abstinence; this proportion did not
differ across groups (see Supplement). Compared to neutral cues, smoking cues increased
TCQ-SF Total, QSU-B Factors 1 and 2, and PANAS Negative Affect; these were included
in further analyses. Smoking cues did not preferentially affect physiological measures. As
expected, daily withdrawal symptoms progressively decreased with abstinence (Supplement:
Figure S2).

Between-Group Analyses
For TCQ-SF Total smoking-cue reactivity (within-session change scores), there was a
significant linear trend across Groups 1, 2, and 3 (F(1,59) = 4.9, p = 0.03; effect-size r = .
28); as assigned abstinence length increased, smoking-cue response increased
proportionally. TCQ-SF Total smoking-cue reactivity was higher in the 35-day than 7-day
group (t(59) = 2.2, p = 0.03). Although groups did not differ on QSU-B Factor 1, there was a
linear trend for an increase in neutral cue response measured with QSU-B Factor 2 (F(1,59)
= 4.3, p = 0.04; effect-size r = .26); change scores after neutral cues were higher in the 35-
day than 7-day group (t(59) = 2.1, p = 0.04). However, these differences were small (the 7-
day group decreased −0.1 (± 0.1) on a scale of 1 to 7; the 35-day group increased 0.1 (±
0.1); Figure 1).

Participants’ ratings of craving before cue presentations decreased with abstinence. Scores
on TCQ-SF Total, and QSU-B Factors 1 and 2 declined as assigned abstinence increased
(TCQ-SF Total: F(1,59) = 11.6, p = 0.001, effect-size r = .41; QSU-B Factor 1: F(1,59) =
11.1, p = 0.002, effect-size r = .40; QSU-B Factor 2: F(1,59) = 4.4, p = 0.04, effect-size r = .
26; Figure 2).

Within-Group Analyses
Although abstinence length did not affect cue-induced TCQ-SF Total, QSU-B Factor 2 or
PANAS Negative Affect, there was a marginal effect on QSU-B Factor 1 (F(2,43) = 3.0, p =
0.06), with more pronounced cue responses on day 35 than 14 (Tukey-Kramer p = 0.001;
Figure 1).

As in between-group analysis, pre-cue craving ratings on TCQ-SF Total (F(2,43) = 5.8, p =
0.006) and QSU-B Factor 1 (F(2,44) = 4.4, p = 0.02) scores declined with days of
abstinence (Figure 2).
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DISCUSSION
Here, we present initial evidence that cue-induced craving in cigarette smokers does not
decline with increasing abstinence up to 35 days. Even as daily craving declined, craving in
response to smoking cues remained robust, and on some measures, actually increased with
abstinence. This finding is broadly consistent with incubation studies in nonhumans [9,11],
which use lever-pressing to measure drug-seeking or “craving”. Time-dependent increases
in conditioned craving occurred despite progressively decreasing baseline (non-provoked)
craving and withdrawal symptoms.

Incubation was evident on some, but not all, measures. This variability may relate to the
relatively modest effect of the cues. Smoking cues did not preferentially affect all self-report
measures, and did not increase any physiological variables. Relatively modest effects of
smoking cues, by subjective or physiological measures, have been reported previously [4].
Additionally, incubation of cue-induced craving was weaker in the within-subjects than in
between-subjects assessment. This is likely due to some extinction of the conditioned
response in the laboratory in the within-subject group. However, it is notable that the time-
dependent increases in cue-induced craving observed occurred while participants, living in
their normal environments, were presumably exposed to smoking-related stimuli. The fact
that an incubation-like phenomenon was detectable in the laboratory, despite day-to-day cue
exposure, suggests that the incubation of craving phenomenon is real and robust. This effect
may be even more evident in situations where incidental drug cue exposure is minimized,
such as in inpatient settings.

These initial findings suggest several avenues for future enquiry. Incubation of cue-induced
craving may also occur in users of other drugs, and may be especially evident when drug
users are protected from cues in a controlled environment. It will be important to determine
whether the phenomenon also occurs in treatment seekers, and how it relates to relapse.
Future research may also elucidate the neurobiological substrates of time-dependent changes
in provoked craving in humans. In rats, incubation involves neuronal activity and synaptic
plasticity in the nucleus accumbens, central amygdala, and ventral medial prefrontal cortex
[18–19], areas also implicated in cue-induced craving in humans [20].

In sum, we have demonstrated that cue-induced craving does not decrease over an extended
period of abstinence, and may, as in animal models, actually increase with longer abstinence
duration. It is notable that the increase in cue-induced craving occurred even as baseline
craving ratings declined. These findings have significant clinical implications, suggesting
that clinicians and users should be aware that risk of relapse precipitated by cue-induced
craving may persist or increase with abstinence, even as background craving and withdrawal
subsides.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Effects of exposure to smoking and neutral cues on self-reported craving as a function of
length of abstinence. Left Column: Single cue conditions (Groups 1, 2 and 3). Right column:
Repeated cue condition (Group 4). Top Row: Tobacco Craving Questionnaire – Short Form
(TCQ-SF) Total score response to cues. Second Row: Brief Questionnaire of Smoking
Urges (QSU-B) Factor 1 score cue response. Third Row: QSU-B Factor 2 score cue
response. Bottom Row: Positive and Negative Affect (PANAS) Negative Affect score cue
response. Asterisks denote a significant difference from Group 1 (7-day abstinence), p <
0.05. % denotes a significant difference from Group 2 (14-day abstinence), p < 0.05. Data
are group means (±S.E.M.).
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Figure 2.
Effects of length of abstinence on baseline (non-provoked) cigarette craving. Left Column:
Single cue conditions (Groups 1, 2 and 3). Right column: Repeated cue condition (Group 4).
Top Row: Tobacco Craving Questionnaire – Short Form (TCQ-SF) Total score baseline.
Second Row: Brief Questionnaire of Smoking Urges (QSU-B) Factor 1 score cue baseline.
Third Row: QSU-B Factor 2 score baseline. Bottom Row: Positive and Negative Affect
(PANAS) Negative Affect score baseline. Asterisks denote significant decreases from 7
days to 35 days, p < 0.05. Data are group means (±S.E.M.).
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