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ABSTRACT

Introduction: Craving is often portrayed as a defining feature of addiction, but the role of craving in the addictive process is
controversial. Particularly contentious is the extent to which drug craving predicts subsequent relapse.

Methods: This review synthesizes findings from 62 smoking cessation studies published through December 2011. Eligible
studies measured craving for cigarettes in treatment-seeking smokers and related this to subsequent smoking status. The rela-
tionships of general craving and cue-specific craving with treatment outcome were examined separately. Further, analyses that
related general craving to smoking status were divided into those that used craving data collected before the quit attempt, after
the quit attempt, and those that used change in craving over time as a predictor.

Results: Results across studies revealed a total of 198 indices of association with 94 (47%) of these being significant. In
general, the findings indicated (a) there were only a few cases of significant associations between craving collected as part of
cue-reactivity studies and treatment outcome, (b) postquit craving was a stronger predictor of treatment outcome than prequit
craving, and (c) several moderators likely influence the relationship between craving and cessation outcome.

Conclusions: The overall results suggest that craving is not a necessary condition of relapse. In addition, inconsistent rela-
tionships between craving and treatment outcome call into question the value of craving as a target of treatment and underscore

limitations in the prognostic utility of craving.

INTRODUCTION

Craving is often portrayed as a central or defining character-
istic of addiction (Anton, 1999; Kassel & Shiffman, 1992;
Robinson & Berridge, 1993), but the precise role of craving
in the addictive process is controversial. One of the most con-
tentious issues related to craving is the extent to which desire
to use a drug predicts subsequent drug use. This question has
often been examined in the treatment literature, where predic-
tors of outcome are sought to help identify obstacles to initial
cessation success and long-term maintenance of drug absti-
nence. Although the relationship between craving and cessa-
tion outcome is often presented as established knowledge, this
association has yet to be evaluated systematically.

Efforts to understand the association between craving and
cessation outcome are motivated, in part, by the belief that
the utility of the craving construct rests in its ability to pre-
dict drug use behavior (Mezinskis, Honos-Webb, Kropp, &
Somoza, 2001; Perkins, 2009). Although the significance of
craving is not limited to its predictive utility (Tiffany, Warthen,
& Goedeker, 2009; Tiffany & Wray, 2009, 2012), there are a
number of theoretical and clinical reasons for investigating
relationships between craving and drug use.
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All major theories of drug dependence propose that craving
plays some role in motivating drug use (Drummond, 2001), and
many (e.g., conditioning theories, positive expectancy theories,
incentive-sensitization theory) suggest that craving and relapse
should be tightly coupled (Marlatt, 1985; Robinson & Berridge,
1993; Siegel, 1989). Not all models identify craving as neces-
sary for relapse, and modern theories of addiction seem to be
moving away from this convention (e.g., Kavanagh, Andrade,
& May, 2005; Tiffany, 1990; see Lowman, Hunt, Litten, &
Drummond, 2000 for additional examples). Predictions made
by different models about the association between craving and
relapse are empirically testable; thus, clarifying the relation-
ships between craving and drug use/relapse has important
implications for the evaluation and refinement of addiction
theories.

An understanding of the relationships between craving
and outcome is also clinically relevant. Craving is widespread
among smokers (Tiffany et al., 2009), cited as an obstacle to
initiating a quit attempt (Orleans, Rimer, Cristinzio, Keintz, &
Fleisher, 1991), and experienced long after successful cessation
(Hughes, 2010). Determining the extent of the relationships
between craving and smoking relapse has important
implications for focusing on craving in intervention efforts.

© The Author 2012. Published by Oxford University Press on behalf of the Society for Research on Nicotine and Tobacco.
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Both pharmacological- and psychosocial-based interventions
are commonly portrayed as effective because they target
craving; however, the hypothesis that craving reduction
influences subsequent treatment status is rarely tested explicitly
(for exceptions, see Ferguson, Shiffman, & Gwaltney, 2006;
McCarthy et al., 2008).

There are several examples of strong assertions in the
tobacco literature about the relationship between craving and
smoking cessation outcome. These range from statements that
there is a well-documented relationship between craving and
outcome to those that deny this association. Some authors have
focused on the instances in which craving appears to be linked
with treatment outcome, making claims such as, “Craving is
the most unpleasant consequence of smoking cessation and
also the most frequent cause of relapse” (Durcan et al., 2002,
p- 548; for other examples, see Bagot, Heishman, & Moolchan,
2007; Businelle et al., 2010; Shiffman, Ferguson, Gwaltney,
Balabanis, & Shadel, 2006; Waters et al., 2004). Others have
drawn attention to studies that fail to find evidence for this
relationship and conclude that “craving is a poor predictor of
relapse” (Witkiewitz & Marlatt, 2004, p. 227; for other exam-
ples, see Bailey, Hammer, Bryson, Schatzberg, & Killen, 2010;
Drummond, Litten, Lowman, & Hunt, 2000).

The conflicting accounts describing this relationship may
be driven by a lack of consistent findings across studies. If
this is the case, a host of factors related to the variables being
measured and the conditions and timing of assessment could
be responsible for divergent study results. Such factors might
include the time relative to quitting that craving is measured
(e.g., prequit vs. postquit), the assessment tool used to measure
craving, and the timeframe over which outcome is assessed.
An additional consideration when examining possible modera-
tors of the relationship between craving and cessation outcome
concerns the type of craving being measured.

Craving can be manifest in two primary ways. First, general
levels of craving, which can fluctuate relatively slowly over
the course of a day, are likely related to the level of depriva-
tion that increases over the interval between cigarettes (Schuh
& Stitzer, 1995). Second, cue-specific craving, which reflects
responses to smoking-related cues that have previously been
paired with drug administration (Carter & Tiffany, 1999;
Tiffany et al., 2009), tends to have a fairly fast onset and is
more short-lived than changes observed with general levels of
craving. The cumulative effect of general craving, especially
after a quit attempt, may be related to the likelihood of relapse
(Drummond et al., 2000). General craving experienced during
a period of “smoking as usual” may not reach peak intensity
or be long-lasting, as it is likely alleviated relatively quickly
through nicotine administration (i.e., smoking the next ciga-
rette). In contrast, general craving experienced after a quit
attempt is likely more intense and longer lasting in nature, and
thus may be a stronger predictor of cessation outcome.

Cue-induced craving indexes how responsive a person is
to external environmental cues. Presumably, craving expe-
rienced as part of a cue-reactivity exposure in a laboratory
or clinical setting reflects how an individual will respond to
cues in the environment during the quit period. This, in turn,
may affect a person’s risk of relapse such that those who are
more reactive will have greater difficulty quitting (Drummond
et al., 2000; Rohsenow & Monti, 1999). However, there is con-
troversy in the smoking literature about the degree to which
cue-induced craving is related to relapse. Some assert that
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responses to drug-related cues do predict successful cessation
(e.g., Ferguson & Shiffman, 2009), while others have argued
that there is scant evidence in the literature of any association
between cue-induced craving and relapse (Perkins, 2012).

This review inventoried peer-reviewed journal articles that
reported on the relationship between craving and outcome in
the context of smoking cessation trials. We intended this review
to be inclusive as possible. As a result, the included research
addressed a range of questions regarding the nature of the
relationships between craving and treatment outcome with
statistics representing a wide variety of data analytic strate-
gies. The diversity in statistics and outcome measures reported
(e.g., dichotomous outcomes, continuous outcomes, time-to-
event data) made collation of the effect sizes into one common
metric unfeasible (Deeks, Higgins, & Altman, 2008; Lipsey &
Wilson, 2001). Further, a large number of studies did not report
statistics or used statistical methods that could not be com-
bined with other studies. Consequently, formal meta-analysis
was not used to combine study results. However, effect sizes
were aggregated when possible to illustrate the magnitude of
the craving—outcome relationship.

METHODS

A literature search was conducted with the MEDLINE via
EBSCO and PsycINFO search engines using the following
terms: “smoking,” “treatment,” and ‘“urge” or ‘“craving” or
“desire.” Reference lists of articles being reviewed for this
paper, articles that discussed craving, and review papers focus-
ing on smoking cessation treatment were examined to identify
additional studies that might be appropriate for inclusion.

The following criteria were used to determine eligibil-
ity: (a) the sample consisted of current cigarette smokers, (b)
participants were treatment seeking (i.e., intending to make a
quit attempt at some point during the course of the study), (c)
at least one measure of self-report craving was obtained, (d)
craving was measured prospectively in relation to outcome, (e)
at least one outcome measure related to smoking status was
reported (e.g., lapse, relapse, quit status, amount smoking), (f)
at least one analysis looking at the relationship between crav-
ing and outcome was reported, and (g) the article was pub-
lished in a peer-reviewed journal no later than December 2011.

All analyses that linked craving and treatment outcome
from each study were considered. Analyses were dropped
when other factors (e.g., nicotine-dependence score) were
covaried out of the craving score, except in cases where this
was the only analysis linking craving to treatment outcome
(see footnotes in Tables 1-4). Several studies assessed crav-
ing at multiple timepoints; in these cases, each analysis was
included in the appropriate section of this paper. In cases where
multiple analyses using different definitions of abstinence were
presented, only analyses using the most stringent abstinence
criteria were retained (e.g., continuous abstinence used over
7-day point-prevalence abstinence). Analyses were collapsed
in cases where multiple statistics were presented for subgroups
of participants (e.g., two analyses comparing early lapsers and
late lapsers to abstainers were combined to reflect lapsers vs.
abstainers). A cutoff of p < .05 was used to determine statistical
significance.

This review examines the predictive utility of cue-induced
craving (i.e., measured as part of a cue-reactivity paradigm) and



general (background or tonic) craving. Studies that measured
general craving were categorized as measuring craving prequit
or postquit, as it has been suggested that the timing of craving
assessment may influence its predictive utility (e.g., Niaura,
Shadel, Britt, & Abrams, 2002). Analyses that used change
in general craving as the predictor variable were grouped in a
fourth category.

RESULTS

The literature search produced 62,060 articles, 538 of which
were reviewed for potential inclusion because they contained at
least some required criteria (see Figure 1). Studies that did not
include cigarette smokers interested in quitting, did not meas-
ure craving, and/or did not report outcome data were excluded
for consideration at this stage. Of the studies that remained,
230 were reviewed to examine whether all inclusion criteria
were met. A total of 62 studies were identified as eligible for
inclusion. The majority of the remaining 168 studies were
excluded because, although craving and cessation outcome
were both measured, no analysis was provided linking the
two (n = 128). A second rater extracted information about the
sample size, intervention, craving measurement, outcome vari-
ables, and craving—outcome statistics (when available) from
each study. Any discrepancies between raters were discussed
and reconciled. Agreement was high between the two raters
with the percentage agreement for each variable as follows:
sample size, 90%; intervention, 97%; craving/outcome meas-
urement and timing of craving/outcome assessments, 100%;
and craving—outcome statistics, 97%.

The average sample size of the 62 studies included in this
review was 348 (the largest sample size used for any analy-
sis reported by a given study was used to derive this aver-
age, SD = 503, median = 167, range n = 20-2,645); the total
number of participants was 21,547. Mean participant age was
40 years (SD =7, median = 41, range 15-49; mean participant
age weighted by sample size = 42 years) and mean number
of cigarettes per day (CPD) was 23 (SD = 4.5, median = 22,
range 12-36; mean CPD weighted by sample size = 22). Just
under half of the studies (45%) assessed nicotine dependence

Recordsidentified through
database searching (2 = 62,060)
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using the Fagerstrom Test for Nicotine Dependence (FTND;
Heatherton, Kozlowski, Frecker, & Fagerstrom, 1991); the
average reported FTND score out of a possible score of 10 was
5.20 (SD = 0.76, median = 5.3, range 3.53-6.67; mean FTND
score weighted by sample size = 5). Cessation outcome was
measured as close as 24 hr postcessation to as far as 2 years
postquit (see Tables 1-4).

The treatments implemented in these 62 studies included
psychosocial-based interventions (k = 18), pharmacologi-
cal interventions (k = 4), a combination of psychosocial and
pharmacological treatment (k = 28), and no formal treatment
beyond asking participants to make at least one quit attempt
(k=12).

What Is the Overall Relationship Between Craving and
Smoking Cessation Treatment Outcome?

A total of 198 analyses were extracted from the 62 studies that
were included in this review. A lack of significant association
between craving and treatment outcome was reported in 104
analyses (52.5%), while 94 analyses (47.5%) found significant
support for this association. Across all 62 studies, 26 found
significant relationships between craving and outcome in each
analysis conducted, 18 reported nonsignificant relationships
between craving and outcome in each analysis conducted, and
18 found mixed results depending on the craving or outcome
measure used in the analysis.

The 94 analyses that identified a statistically significant
relationship between craving and treatment outcome were
extracted and combined when possible to determine the mag-
nitude of these effects. Statistics were converted to correla-
tions when possible, and the inverse of odds ratios (ORs) <
1.0 were taken to allow for averaging across ORs. Averages
were weighted by sample size by multiplying the effect size
by sample size, summing these values in a given category, and
dividing that sum by the total number of participants included
in those analyses. The average significant correlation between
craving and treatment outcome (which combined 27 analyses)
was r = .19, indicating a small-to-medium effect size (Cohen,
1992). The average significant OR reported was OR = 1.54
(n = 28), suggesting that the odds of relapse for participants

Abstracts screened
(12=538)

Records excluded

(2=61,522)

|

Full-text articles assessed for
eligibility
(12=230)

Full-text articles excluded
(12=308)

}

# of studiesincluded
in review (12=62)

Figure 1.

Preferred reporting items for systematic reviews and meta-analyses flow chart.
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reporting higher craving were 1.54 times greater than for those
with lower craving. The average significant hazard ratio (HR)
reported was HR = 1.31 (n = 11).

We also calculated average relationships across all analyses
(weighted by sample size) by substituting 0.0 for correlation
coefficients and 1.0 for ORs or HRs that were reported as non-
significant with no corresponding statistic described. A total
of 28 significant analyses could not be included in these data
because significant associations were reported but analyses
were not compatible with correlations, ORs, or HRs or because
no corresponding statistics were reported. This approach gen-
erated average correlation coefficients of .10 (n = 88), ORs of
1.35 (n =55), and HRs of 1.14 (n = 27).

Magnitude of Craving

Descriptive statistics reporting the mean score on craving meas-
ures taken before the quit attempt up through 1 week postces-
sation were extracted from papers when available. In order to
compare ratings across studies, the mean craving rating was
divided by the upper limit of the scale to arrive at a relative
percentage of the scale. The average prequit craving score per-
centage was 48.9% (n = 19) and the average postquit craving
score percentage (over the first week of cessation) was 56.0%
(n = 24). Craving tended to be of approximately the same mag-
nitude on the target quit date (TQD) as it was leading up to the
quit date (47.9%; n = 5), but was higher over the first 24 and
48 hr of cessation (56.0%, n =2, and 63.2%, n = 5, respectively).

What Is the Relationship Between Cue-Induced Craving
and Treatment Outcome?

The relationship between cue-specific craving and treat-
ment outcome was assessed by eight studies (median sample
size = 65) in a number of ways (i.e., post smoking cue crav-
ing only, post smoking cue craving minus baseline craving,
or post smoking cue craving minus post neutral cue craving).
Nineteen analyses that fit study criteria were reported across
these studies (see Table 1), with 13 (68%) indicating a lack
of a significant relationship between cue-reactivity scores and
cessation outcome.

The timing of the cue-reactivity procedure in relation to the
quit attempt included assessments collected before, on, or after
the TQD. Significant relationships between cue-induced crav-
ing and treatment outcome (6/19 analyses) were only obtained
in studies that conducted the cue-reactivity part of the study
on (Powell, Dawkins, West, Powell, & Pickering, 2011; Waters
etal., 2004) or after (Niaura, Abrams, Monti, & Pedraza, 1989b)
the TQD. Three analyses (all from the same study) reported a
significant relationship between cue-induced craving and treat-
ment outcome that was in the opposite direction from what
would be expected (Powell et al., 2011) such that those who
were more reactive to cues were less likely to relapse.

What Is the Relationship Between Prequit General
Craving and Treatment Outcome?

The relationship between general craving measured before
the TQD and subsequent outcome was examined in 20 studies
(median sample size = 107; see Table 2). Of these studies, 13
reported nonsignificant associations between craving and out-
come, 3 found significant relationships, and 4 reported mixed
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results. A total of 46 analyses were extracted from these 20 stud-
ies; of these, 34 (74%) reported a lack of association between
craving and outcome, while 12 (26%) found a significant
relationship. Of the studies that found a significant relation-
ship between craving and outcome, 66% of the analyses used
a multi-item craving measure. In contrast, only 26% of the
studies reporting a nonsignificant relationship between prequit
craving and outcome used a multi-item measure.

The time that craving was measured ranged from very prox-
imal to the quit attempt (i.e., on the TQD just before the quit
attempt was made) to up to 3 months before the TQD. A vari-
ety of treatment outcomes were assessed (e.g., abstinent vs.
smoking, time to lapse, likelihood of lapse) over a wide range
of timepoints (from as early as the TQD to as long as 1 year
postquit). Overall, prequit craving did not appear to be tightly
coupled to treatment outcome.

What Is the Relationship Between Postquit Craving
and Treatment Outcome?

The relationship between general craving assessed after a quit
attempt and subsequent treatment outcome was examined in
31 studies (median sample size = 214) yielding a total of 104
analyses (see Table 3). Of these studies, 4 reported nonsignifi-
cant associations between craving and outcome, 19 found sig-
nificant relationships, and 8 reported mixed results. Of these
analyses, 62 (60%) reported a statistically significant relation-
ship between craving and outcome and 42 (40%) reported non-
significant results. Timing of the craving assessment in relation
to participants’ quit date ranged from as early as on the quit day
up to 6 weeks after the cessation attempt. The time period dur-
ing which treatment outcome was assessed also varied consid-
erably within this subset of studies, ranging from the quit date
to as long as 2 years postquit. Overall, postquit craving showed
an inconsistent relationship with treatment outcome.

Studies That Related Both Prequit and Postquit
Craving to Outcome

Several studies assessed both pre- and postquit craving and
related those measures to treatment outcome (k = 5). Of this
small group of studies, only one (al’Absi, Hatsukami, Davis,
& Wittmers, 2004) reported a significant relationship between
both pre- and postquit measures of craving and treatment out-
come. The remaining studies reported mixed results; of note
is that three of these four studies (Allen, Bade, Hatsukami,
& Center, 2008b; McCarthy et al., 2008; Strong et al., 2011)
found that postquit craving was significantly associated with
cessation whereas prequit craving was not.

Studies That Related Craving to Outcomes at
Multiple Timepoints

Two studies reported mixed findings when relating a prequit
measurement of craving to treatment outcome at multiple time-
points. In both studies, more proximal outcome assessments
(1 week and 3 weeks post-TQD) were significantly associated
with prequit craving when more distal outcome assessments
(52 weeks and 8 weeks post-TQD) were not (Raw & Russell,
1980; Van Zundert, Boogerd, Vermulst, & Engels, 2009).
Much like the pattern seen with prequit craving and out-
come assessed at different points in time, postquit craving
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appeared to be more strongly related to more proximal meas-
ures of treatment status (see Van Zundert et al., 2009, 3 weeks
post-TQD status vs. 8 weeks post-TQD status; West, Hajek, &
Belcher, 1989, week 2 post-TQD status vs. week 4 post-TQD
status). These combined results suggest that craving may have
stronger predictive validity for outcomes assessed more proxi-
mal to the quit attempt.

What Is the Relationship Between Change in Craving
and Treatment Outcome?

The relationship between change in craving and subsequent
treatment outcome was assessed in 17 studies (median sample
size = 178; see Table 4). Of the 29 analyses extracted from
these studies, 15 (52%) indicated a nonsignificant relation-
ship. Change in craving was most commonly defined as either
(a) the slope of a participants’ craving trajectory derived from
multiple assessment points through hierarchical linear models
or (b) a change score from craving at time A to craving at time
B. Analyses that examined the relationship between craving
slope (either before or after the quit attempt; n = 16) demon-
strated a significant relationship between craving slope and
treatment outcome half the time. These studies reported that a
faster decline in craving predicted abstinence. Of note is that
change in postquit slope was found to be related to treatment
outcome 66% of the time, while change in prequit slope was
not found to be related to treatment outcome in any analysis
(0/4). Analyses that defined change in craving as the differ-
ence from pre- to postquit also found a significant relationship
between that change and treatment outcome about half of the
time (n = 13, 46% significant). For example, larger increases
in craving from pre- to postquit were significantly associated
with shorter time to relapse (Swan, Ward, & Jack, 1996), and
increases in craving from prequit to quit day were signifi-
cantly and inversely associated with likelihood of abstinence
(McCarthy, Piasecki, Fiore, & Baker, 2006).

CONCLUSIONS

This is the first systematic evaluation of the literature assessing
relationships between craving measured during smoking ces-
sation studies and treatment outcomes. The results highlight
why the nature of this relationship has been subject to debate—
overall, three decades of research suggest craving and treat-
ment outcome are significantly associated just about as often
as they are unrelated. While these varied findings may appear
to offset each other, it is worth noting that if there were no
link between these variables, significant findings would only
be expected to occur once for every 20 studies rather than for
half of the studies.

Several themes emerged with regard to the conditions under
which this association could be detected. The most salient
condition appeared to be related to the timing of the craving
assessment relative to the quit attempt. Analyses that used
postquit general craving measures were more likely to find a
relationship between craving and outcome than those using a
prequit general craving measure. In addition, several studies
that included both pre- and postquit assessments of craving
found significant associations when using postquit (but not
prequit) assessments.
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Findings Related to the Timing of Craving Assessment

There are several reasons why craving measures collected after
as opposed to before the quit attempt may be more likely to pre-
dict treatment outcome. As participants in treatment studies are
likely smoking at regular rates before attempting to quit, it is
conceivable that they would be reporting low levels of general
craving. Consequently, measurements of prequit craving may
be subject to floor effects (e.g., Mash et al., 2000; O’Malley,
Croop, Wroblewski, Labriola, & Volpicelli, 1995; Powell,
1995), which would make it difficult to detect significant rela-
tionships between craving and outcome. However, results from
this review suggest that this was not the case; studies in which
data were available indicate that the average prequit score on
the craving measure was at approximately the midpoint (i.e.,
47.5%) of the total possible score.

The quality and level of postquit craving may also have an
impact on its predictive relationship with treatment outcome.
Craving measured postquit may capture the experience of nico-
tine withdrawal, and thus may be stronger in magnitude and/or
qualitatively different than prequit levels of craving. The idea that
stronger craving is more likely to be associated with drug seek-
ing and consumption has been posited in at least one theory of
addiction (Baker, Morse, & Sherman, 1987), and craving reflect-
ing nicotine withdrawal may be more tightly coupled to relapse.
Studies examining the trajectory of craving after the initiation of
a quit attempt indicate that both frequency and intensity of crav-
ing typically spike (i.e., increases from prequit levels) during the
first few days of a quit attempt followed by a subsequent decline
(Doherty, Kinnunen, Militello, & Garvey, 1995; Shiffman, 2008;
Shiffman & Jarvik, 1976; Van Zundert et al., 2009). This profile
mirrors the pattern of craving ratings reported in this review, with
the magnitude of craving increasing over the first 48 hr postquit.

Beyond potential differences in craving magnitude, sub-
stantial intraindividual variability in levels and patterns of
postquit craving has been demonstrated (Kavanagh et al., 2005;
McCarthy et al., 2006; Piasecki et al., 2000). Thus, there may
be a greater opportunity for the craving—relapse association to
be detected after the quit attempt due to increased variability
of scores on craving measurements over the postquit period.

Methodological considerations may also account for why
postquit craving was more consistently related to outcomes
than prequit craving. Because the stability of the relationship
between craving and outcome is likely affected by the passage
of time, postquit measures may have a stronger relationship
with outcome than prequit measures of craving as they were
collected more closely in time to outcome data. Notably, among
studies that reported both pre- and postquit craving, there was
no instance of a significant relationship between prequit crav-
ing and cessation status when postquit craving was not found to
be associated significantly with outcome. A second methodo-
logical consideration is the sample size used across different
types of studies. While the median sample size of studies meas-
uring postquit craving was 214, those that measured prequit
craving reported a median sample size of 107.

The Relationship Between Cue-Specific Craving
and Treatment Outcome

Craving measured within cue-reactivity studies evinced a weak
association with treatment outcome. Three of the eight cue-
reactivity studies did, however, report significant relationships



between craving in response to smoking-related cues and sub-
sequent smoking status. This finding is in contrast to claims
that no study has presented results in support of any signifi-
cant association between cue-specific craving and treatment
outcome (e.g., Perkins, 2009), and suggests that cue-specific
craving has the potential to predict drug use behavior. It may
be that cue-specific craving is not tightly coupled to treatment
outcome; alternatively, the mixed results may be explained by
differences across studies in how cue reactivity was defined
and the way in which craving was measured.

Cue-specific craving is generally conceptualized as craving
experienced after the presentation of a drug-related cue minus
some control for general levels of craving (either baseline lev-
els or response after the presentation of a neutral cue; Sayette,
Griffin, & Sayers, 2010). Despite this, four of the studies in
this review that purported to measure cue-reactivity related
postcue craving to treatment outcome without accounting for
general craving or craving reported after a neutral cue (see
Table 1). Further, although the most sensitive measure of cue-
specific craving may be the difference in craving between a
smoking and a neutral cue (Carter & Tiffany, 1999), only one
study (Powell, Dawkins, West, Powell, & Pickering, 2010)
used methods consistent with this definition. Before firm con-
clusions can be drawn regarding the relationship between cue-
induced craving and treatment outcome, further research that
employs a measurement model consistent with how cue reac-
tivity is currently conceptualized is necessary.

The measurement of cue reactivity extends beyond the
methodological question of how to quantify cue-specific crav-
ing. As craving has been shown to change over time and set-
tings, an important consideration when relating craving to
outcomes is whether a state or trait measure is desired (Tiffany
& Wray, 2012). Each of the cue-reactivity studies included in
this review related a state measure of craving (i.e., a meas-
urement taken at one point in time) to subsequent treatment
outcome. However, if the question of interest is whether drug
users who are generally more reactive to cues are more likely
to have difficulty quitting, it seems as though a more stable
(trait) measurement would be appropriate. Trait measures of
cue-specific craving may require estimates aggregated across
multiple cue-reactivity assessment sessions and settings.

A third methodological consideration that may account for
the weak relationship between craving measured within cue-
reactivity studies and outcome involves the craving assess-
ment. Significant associations between cue-induced craving
and treatment outcome were restricted to studies that measured
craving on or after the day participants attempted abstinence,
which suggests the predictive validity of cue-induced craving
may be strongest at times most proximal to the quit attempt.
This pattern of results is consistent with the findings that gen-
eral levels of postquit craving were more closely associated
with outcome than prequit craving.

Assessment of the Relationship Between Craving and
Treatment Outcome

Several design issues may have impeded the detection of a
craving-relapse relationship in the reviewed research. When
we considered average correlations across all studies by assign-
ing 0.0 to unreported nonsignificant associations, the average
coefficient was .10; a sample size of 779 would be required to
detect a significant effect size of this magnitude. Even in the
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best case scenario, the average significant correlation reported
between craving and treatment outcome was .19, which would
require a sample size of 212 to detect a significant associa-
tion at this level. None of the cue-reactivity studies included in
this review (which reported an average sample size of 87) and
fewer than half of studies in this review overall included a sam-
ple size of at least 212.

The way in which craving was assessed may have also pre-
vented detection of a consistent association between urge and
treatment outcome. Fewer than half of the analyses (39%; see
Tables 1-4) used a multi-item assessment to measure craving.
Further, none of the cue-reactivity studies used a craving assess-
ment with more than a single item. Single-item assessment of
craving is less reliable than multi-item measurement (Tiffany
& Wray, 2012), and the inconsistent association between crav-
ing and relapse has previously been attributed to psychometric
limitations in craving assessment (Ooteman, Koeter, Vserheul,
Schippers, & van den Brink, 2006; Sayette et al., 2000).

Finally, the way in which cessation success was meas-
ured may have made the detection of significant relationships
between craving and outcome difficult. Most analyses were
based on dichotomous outcome measures (i.e., abstinent or
not abstinent) at each follow-up timepoint. Only 49 of the
203 analyses (24%) used a continuous measure of treatment
outcome. Continuous data allow for more powerful statistical
analysis, which may be critical in explicating the relationships
between predictor variables (including craving) and treatment
outcome (Steketee & Chambless, 1992).

Theoretical Implications of the Relationships Between
Craving and Smoking Cessation Outcome

The patterns of relationships between craving and treatment
outcome discussed in this review have important theoretical
implications. Many theories of addiction make explicit predic-
tions about the role of craving in drug-seeking and drug-taking
behavior. One view of the craving—relapse relationship holds
that craving is a necessary condition of relapse. For example,
Robinson and Berridge’s (1993, 2003) incentive-sensitization
model posits that “addicts develop an obsessive craving for
drugs, a craving that is so irresistible that it almost inevitably
leads to drug seeking and drug taking” (Robinson & Berridge,
1993, p. 248). The model also suggests that conditioned stimuli
(i.e., drug cues) elicit craving and thus should promote relapse.

Other theories suggest that craving may occur before a drug
use episode, but that it does not necessarily need to be pre-
sent. Tiffany’s (1990) cognitive processing model hypothesizes
that separate processes underlie craving and drug use behavior.
While craving is viewed as being regulated by nonautomatic,
controlled processes, drug use behavior in the experienced user
is thought to be driven by automatic processes. As such, this
model predicts that drug use can occur in the absence of desire
or urge for the drug, which is consistent with the findings of
the current review (i.e., a great deal of variance in factors that
may precipitate drug use may be explained by factors other
than craving).

Finally, Kavanagh et al.’s (2005) elaborated intrusion theory
of desire also holds that a modest relationship should exist
between craving and drug use. This theory predicts when and
under which conditions craving and relapse are most likely to
be associated. For example, according to the theory, the extent
to which craving and relapse are associated is moderated by a
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number of factors, including attention diversion, the presence
of other powerful incentives, mood, and self-efficacy.

The conclusions presented in this review can guide the
refinement and evaluation of these and other models of addic-
tive behavior. Results suggest that general craving was incon-
sistently related to smoking relapse, and even in cases where
significant results were found, the magnitude of the association
was small. As such, data from the smoking literature do not
support models that view craving and relapse as inseparable.
Further, the next generation of addiction theories should be
able to make reliable predictions about when and under which
conditions craving and relapse are likely to be associated.

Clinical Implications of the Relationships Between
Craving and Smoking Cessation Outcome

In clinical trials, the reduction of craving is often identified
as an aim of the intervention with the assumption that craving
reduction will reduce risk of relapse. For example, psychoso-
cial interventions often include techniques on how to manage,
reduce, or avoid drug craving (Anton 1999; Drummond et al.
2000), and pharmacological interventions across all drugs of
abuse are often hypothesized to be effective through a reduc-
tion in craving (Lowman et al., 2000). However, most of the
studies in this review that included a formal treatment compo-
nent did not report analyses to address the question of whether
or not treatment affected craving. In addition, the idea that
craving is the mechanism through which treatment influences
outcome is often assumed but rarely tested.

Results of this review suggest that a craving—outcome link
cannot be assumed; thus if this relationship is of interest, it
should be examined statistically. We identified more than 100
treatment studies that measured both craving and treatment
outcome but did not report analyses linking the two variables,
indicating that many studies collect data that can answer many
basic question regarding associations between these vari-
ables. Further, only 3 of the 62 studies included in this review
(Ferguson et al., 2006; McCarthy et al., 2008; Piper et al.,
2008) tested the hypothesis that craving was the mechanism
through which treatment had an effect on outcome (i.e., via
mediation analyses). Each of these studies found evidence of
at least partial mediation (i.e., nicotine replacement therapy
or bupropion reduced craving, which led to positive effects on
treatment outcome); however, McCarthy et al. (2008) reported
that randomly sampled craving mediated this relationship,
while craving assessed at a single (evening) timepoint did not.

The studies reviewed here also speak to the prognostic util-
ity of craving for cigarettes. The current state of the literature
suggests that the ability of craving to predict outcome may be
limited. This pattern is not unlike some candidate variables
(e.g., the ability of nicotine dependence as assessed by the
FTND to predict relapse has not been consistent across stud-
ies, Baker et al., 2007). However, the magnitude of the crav-
ing—outcome association may not be as strong as is seen with
other variables (e.g., self-efficacy has demonstrated a small to
moderately sized relationship with outcome, Gwaltney, Metrik,
Kahler, & Shiffman, 2009).

The large number of studies that did find support for a sig-
nificant association between craving and treatment outcome
indicates that, at least under certain conditions, this relation-
ship is present. The potential for craving as a prognostic indi-
cator of subsequent status may rest on our ability to determine
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the most appropriate way to assess this relationship (Tiffany
et al., 2009; Tiffany & Wray, 2012). Some candidate modera-
tors that emerged in this review include the timing of the crav-
ing assessment, the number of items used, and the proximity of
the craving-relapse measurements. Future research examining
these and other moderators of the relationship between crav-
ing and treatment outcome is recommended to elucidate the
conditions under which craving might be used as a prognostic
indicator of treatment success. A final consideration that may
be critical in evaluating the relationship between craving and
relapse is that craving that occurs as part of a high-risk situa-
tion may be a much stronger predictor of whether or not some-
one smokes under those circumstances than craving assessed
more distally to that episode. There are very few studies that
evaluate the immediate consequences of craving prospectively,
so the literature may underestimate the impact of craving on
the probability of relapse.

Limitations and Future Directions

Several limitations of the current study should be noted. First
are those that are inherent in conducting a literature review,
including the possibility that not all published articles that
include the information of interest were located. Although
this scenario is plausible, the conclusions drawn in this review
are based on a large number of analyses extracted from the
treatment literature, and it is unlikely that a few missing stud-
ies would radically change these results. Publication bias in
the form of studies that find null effects going unpublished
may have skewed the findings (i.e., the file drawer problem).
However, given the large number of articles that did report a
lack of association between craving and treatment outcome, it
appears that numerous articles of this type have been published.
An additional consideration is that this project was restricted to
cigarette smokers seeking cessation treatment. Therefore, the
generalization of the findings to craving—relapse relationships
in situations of self-initiated cessation or across other drugs of
abuse should be approached cautiously. This review did not
examine many of the candidate moderators between craving
and outcome, such as the potential impact of abstinence on
craving ratings or the type of treatment administered.

Important limitations in the research to date relating craving
and treatment outcome may be hindering the detection of this
association. While the current state of the literature suggests a
weak and inconsistent relationship between craving and treat-
ment outcome, many of the studies reporting these findings may
not have been designed adequately to detect this relationship.
Future studies reporting analyses linking these variables must
recruit a sufficient sample size and should assess craving at vari-
ous timepoints around the quit attempt using multi-item assess-
ment measures. Further, treatment outcome should be assessed
at timepoints both proximal and distal to the quit attempt, and
continuous measures of outcome should be used when possible.
Future research might use meta-analytic techniques to examine
subsets of the studies included in this review to focus on only
those studies that used equivalent outcome measures and data
analytic strategies (e.g., only including studies that used ORs
or HRs).

The overall results suggest that, while desire to smoke and
cessation status were related significantly in approximately
half of the reported analyses, craving was not tightly and reli-
ably coupled with treatment outcome. Future research would



benefit from the exploration of the moderators discussed in
this review to determine the conditions under which craving
may offer predictive utility. Theories of addiction that address
craving must take the mixed relationship between craving
and relapse into account and should be able to predict when
and under what conditions significant associations should be
observed. Finally, when discussing associations between crav-
ing and treatment outcome, researchers should be careful to
accurately portray the strength of the relationship.
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