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Abstract

Background—Laboratory cue reactivity (CR) assessments are used to assess smokers' responses 

to cues. Likewise, EMA recording is used to characterize real-world response to cues. 

Understanding the relationship between CR and EMA responses addresses the ecological validity 

of CR.

Methods—In 190 daily smokers not currently quitting, craving and smoking responses to cues 

were assessed in laboratory CR and by real-world EMA recording. Separate CR sessions involved 

5 smoking-relevant cues (smoking, alcohol, negative affect, positive affect, smoking prohibitions), 

and a neutral cue. Subjects used EMA to monitor smoking situations for 3 weeks, completing 

parallel situational assessments (presence of others smoking, alcohol consumption, negative affect, 

positive affect, and smoking prohibitions, plus current craving) in smoking and non-smoking 

occasions (averaging 70 and 60 occasions each). Analyses correlated CR craving and smoking cue 

responses with EMA craving and smoking correlations with similar cues.

Results—Although some cues did not show main effects on average craving or smoking, a wide 

range of individual differences in response to cues was apparent in both CR and EMA data, 

providing the necessary context to assess their relationship. Laboratory CR measures of cue 

response were not correlated with real-world cue responses assessed by EMA. The average 
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correlation was 0.03; none exceeded 0.32. One of 40 correlations examined was significantly 

greater than 0.

Conclusions—Laboratory CR measures do not correlate with EMA-assessed craving or 

smoking in response to cues, suggesting that CR measures are not accurate predictors of how 

smokers react to relevant stimuli in the real world.
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1. INTRODUCTION

Smoking is motivated and maintained by nicotine (Benowitz, 2008), but smoking and 

craving are also influenced by situational stimuli (Kozlowski and Herman, 1984). Surveys 

reliably link smoking and craving to cues such as presence of other smokers and drinking 

alcohol (McKennell, 1970; Russell et al., 1974). Similarly, studies using electronic diaries 

show that people were more likely to smoke when seeing others smoking and when 

drinking, and less likely to smoke when smoking was prohibited (Shiffman et al. 2002, 

2014b). The role of situational cues is particularly prominent in relapse (O'Connell and 

Martin, 1987; Shiffman et al., 1996). These situational linkages are often attributed to 

conditioned learning due to repeated pairing of smoking with environmental stimuli (Carter 

and Tiffany, 1999; Niaura et al., 1988). This leads to an emphasis on individual differences, 

since smokers are likely to differ in smoking patterns and thus in the stimuli they associate 

with smoking, and might also differ in conditionability (Mineka and Oehlberg, 2008). It also 

suggests that if individual cue associations could be identified, this might help to 

individually tailor treatment (Conklin et al., 2010; Drummond, 2000).

Ecological Momentary Assessment (EMA; Shiffman et al., 2008) methods, using electronic 

diaries to collect detailed real-time data, are increasingly being used to study the effects of 

cues in smokers' real-world settings. However, these methods, while they are considered 

ecologically valid, rely on smokers' naturalistic exposures to cues in their environment. In 

contrast, cue reactivity (CR) studies (Carter and Tiffany, 1999; Niaura et al., 1988) attempt 

to bring cue responses into the laboratory, where they can be manipulated and studied 

experimentally. As a consequence, CR studies are commonly used to assess the effects of 

cues on craving and smoking (as well as other drug use; Carter and Tiffany, 1999). 

However, the degree to which laboratory CR responses predict real-world responses to cues 

has not been studied. In this paper, we assess the associations between smokers' laboratory 

CR cue responses and their real-world cue responses, as assessed by EMA.

CR studies (Carter and Tiffany, 1999) expose smokers to stimuli thought to be associated 

with craving and/or smoking, such as cigarettes themselves, and compare these responses to 

those elicited by a neutral stimulus. Increases in craving or in the likelihood of smoking are 

seen as indicators of specific cue reactivity. Cues studied in this way have included 

cigarette-specific stimuli (termed ‘proximal cues’ by Conklin et al., 2008), and diverse cues 

such as positive or negative affect, alcohol cues, etc. (‘distal cues’; Conklin et al., 2008). CR 

effects have been observed both in abstinent smokers (McClernon et al., 2009; Tiffany et al., 
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2000) and minimally deprived smokers (Bailey et al., 2010), and reactivity seems similar 

across these conditions (Carter et al., 2009; Franklin et al., 2007). However, individual 

differences in CR are not consistently linked to smoking cessation outcomes (Perkins, 2012; 

Powell et al., 2010; Waters et al., 2004), causing some to question its relevance to cessation 

and treatment (Perkins, 2009).

A key question in the CR field is whether reactivity observed in laboratory settings actually 

reflects real-world responses to these cues. Such a link would be expected if CR responses 

reflect participants' condition history (Hogarth et al., 2010; Niaura et al., 1998), and 

necessary if CR responses are to be used to predict outcome (Perkins 2012) or to tailor 

treatment (Conklin, 2006; Drummond, 2000). However, to our knowledge no study has 

examined the degree to which CR measures predict how smokers react to stimuli in the real 

world. In this paper, we compare data from previously-published studies examining CR 

responses observed in the laboratory (Shiffman et al., 2013a) and real-world craving and 

smoking observed in response to analogous cues in EMA data on the same sample 

(Shiffman et al., 2014b).

EMA data comparing the presence of cues when subjects are and are not smoking provide 

estimates of the associations between stimuli and smoking (Paty et al., 1992), and can also 

be used to assess situational correlates of craving (Dunbar et al., 2010). These EMA data are 

essentially the real-world analogue of laboratory cue-reactivity measures, and thus an apt 

reference to assess the real-world generalizability of CR assessments.

The primary effects from both the CR and EMA studies have been reported in previous 

publications. The CR study (Shiffman et al., 2013a) assessed daily smokers' craving and 

smoking in response to a range of smoking-relevant cues. Craving was increased by 

exposure to smoking and alcohol cues, and decreased by positive affect; however, negative 

affect and smoking prohibition cues did not, on average, affect craving. As previously 

reported, both the probability of smoking and the amount smoked increased in proportion to 

craving, and in proportion to the observed increases in craving, though not in a cue-specific 

way (Shiffman et al., 2013a).

Similarly, the data from the EMA study also showed significant cue effects: smoking was 

associated with situational cues including others smoking and alcohol consumption, and 

inversely with smoking restrictions (Shiffman et al., 2014b). Negative affect was not 

associated with smoking, but positive affect showed curvilinear effects. Importantly, there 

was significant individual variation in response to cues, and when this was taken into 

account, cues, including affect, were very robust predictors of smoking. Knowing a smoker's 

affective state at any moment allowed one to predict whether s/he was smoking with 70% 

accuracy (Shiffman et al., 2015), again demonstrating the importance of individual 

differences even when average effects in the sample as a whole were not significant.

Our primary papers on the CR (Shiffman et al., 2013a) and EMA (Shiffman et al., 2014b) 

studies focused on the effects of cues in each paradigm. Here, we aim to directly compare 

the laboratory CR and real-world EMA responses observed to assess whether CR is an 

accurate proxy for real-world responses to cues. If so, one would expect to see that the 
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magnitude of reactivity observed for each individual during CR exposure to correlate with 

that individual's responses in real-world observations. For example, if a particular smoker 

exhibits a high degree of craving reactivity to smoking cues during the CR sessions, one 

would similarly expect to see that person's craving be higher when such cues are present in 

real-world settings.

Note that such individual associations do not rest on there being a shared, common reaction 

across all smokers. Thus, for example, some smokers may be "negative affect smokers" and 

others not, with the result that the overall effect of negative mood on smoking is not 

significant across the whole sample of smokers. Nevertheless, one would expect that the 

particular individuals who demonstrate negative affect smoking in the CR assessment would 

show negative affect smoking in the EMA assessment. The validity of such individual 

assessments even in the absence of group-wide significant effects was illustrated in a 

previous EMA study. In that study, there was no overall significant relationship between 

negative mood and smoking (Shiffman et al, 2002). However, within this overall 'null' 

effect, there were substantial individual differences in the relationship between mood and 

smoking, and analyses showed that the individual associations predicted which individuals 

were most vulnerable to relapse (Shiffman et al., 2007). Accordingly, in addition to 

examining the cues that had group-wise significant effects in each paradigm, we also 

examine the correlation of individual differences in other cues as well.

For the data to be informative on individual differences, it needs to be demonstrated that 

each of the measures shows substantial between-subject variation; i.e., that some respond 

more strongly than others, or even that some respond in one direction (e.g., smoking more 

when upset) while others respond in the opposite direction (smoking less when upset). The 

potential for correlation across methods depends on such individual differences; if nearly 

everyone responds in the same way to a particular cue, individual differences – and 

correlations – would be minimized. Thus, we precede the analysis of correlations between 

CR and EMA data with an examination of between-person variation in cue associations 

within each method.

2. METHODS

2.1 Subjects

Subjects were 190 daily smokers who completed both the EMA assessment and the CR 

assessment (i.e., providing data on the neutral cue and one or more active cues). Volunteers 

had to be at least 21 years old, smoking 5–30 cigarettes per day, smoking for ≥3 years, at 

their current rate for ≥3 months, and not planning to quit within a month. Subjects in these 

analyses averaged 40.19 (±11.58) years old, on timeline follow-back reported smoking an 

average of 14.98 (±5.89) cigarettes per day, and with Fagerström Test for Nicotine 

Dependence (FTND; Heatherton et al., 1991) scores averaging 5.18 (±2.03); 60% were 

female. By design, we oversampled African-American (AA) smokers to comprise 38% of 

the sample, and weighted observations to rebalance ethnic representation.
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2.2 Procedures

2.2.1 Cue reactivity—CR procedures are described in detail in Shiffman et al. (2013a). 

Briefly, reactivity to five different cues (presented as sets of pictures) was assessed over 

separate sessions on different days: smoking cues (cigarettes, smoke), smoking-prohibition 

cues (no-smoking signs and settings), alcohol cues (drinks), negative affect, and positive 

affect (both via images from the International Affective Pictures System; Center for the 

Study of Emotion and Attention, 1999). Subjects were also tested on neutral cues (images 

matched to each of the ‘active’ cues – e.g., a person holding a pencil; non-alcoholic 

beverages). After a 30-minute abstinence period, a 3-minute acclimation period, and pre-cue 

craving assessment, smokers were exposed to cues for 3 minutes, after which craving was 

re-assessed, yielding values for craving change due to cue exposure (log-transformed to 

reduce skewness). Subjects were then provided with two cigarettes and permitted to smoke 

for 15 minutes, with cue display continuing. Subjects were informed in advance that 

cigarettes would be available (Wertz and Sayette, 2001). Craving was assessed using the 

brief 10-item Questionnaire on Smoking Urges (QSU; Cox et al., 2001), yielding scores for 

Appetitive and Distress-relief craving with a range of 1–49. Smoking was assessed by video 

observation, capturing whether the person smoked and how much they smoked (total puff 

time; Blank et al., 2009).

Cues consisted of 30 still images for each cue type, displayed on a video monitor for 6 

seconds each during initial cue exposure, with the set redisplayed five times during the 15-

minute smoking period. Photographic images have been reported to elicit greater cue 

reactivity than either imagery scripts or in vivo cues (Warthen and Tiffany, 2009; Wray et 

al., 2011). Cue images were drawn from validated sources and were pilot-tested (see 

Shiffman et al., 2013a). Order of cue presentation was randomized (Shiffman et al., 2013a), 

and order was controlled for in analyses.

2.2.2 EMA—EMA procedures are described in detail in Shiffman et al. (2014b). After 

completing CR procedures, subjects monitored their smoking for 3 weeks using an 

electronic diary (ED). Subjects were instructed to record every cigarette that they smoked 

during this period. The ED randomly sampled approximately 4–5 cigarettes a day for 

assessment. Additionally, ED “beeped” subjects at random approximately 3–4 times per day 

when not smoking (not within 15 minutes of smoking), and administered an identical 

assessment. Subjects completed an average of 70 smoking assessments, and 60 non-smoking 

(random) assessments over the course of monitoring.

Assessments captured craving and situational context, including mood. Craving and mood 

items were assessed on a 0–100 point Visual Analog Scale; 16 mood items were 

summarized by factor analysis and yielded factor scores for Negative Affect (NA) and 

Positive Affect (PA). This analysis focuses on situational variables corresponding to the 

cues tested in CR: smoking cues [seeing others smoking, yes/no]; alcohol [consuming 

alcohol, yes/no]; negative affect [continuous factor score]; positive affect [continuous factor 

score]; and smoking prohibitions [smoking forbidden, yes/no].
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2.3 Analyses

We first present data on the between-subject variability in CR and EMA measures, by 

showing the distribution of responses to each of the cues in each assessment paradigm. For 

CR craving data, this consists of difference in the change in craving after presentation of 

each active cue, compared to the neutral cue. (We present data for QSU Appetitive Craving; 

distributions were similar for Distress-Relief Craving.) For CR smoking data, we present the 

difference in total puff time (see Shiffman et al., 2013a for details) following each cue 

compared to the neutral cue; in this display, subjects who did not smoke are counted as 

having 0 puff time. For the EMA data, we present the range of individual within-subject 

correlation coefficients, as described below.

The objective of the main analyses was to estimate how well smokers' craving and smoking 

responses to cues in laboratory CR assessments predicted their real-world reactions to 

similar cues, assessed via EMA. From the EMA data, we computed correlations reflecting 

the association of each situational cue with two end-points: craving and smoking. For each 

subject, we computed, across their EMA observations, the correlation between the relevant 

situational variables and craving ratings; since EMA contained both smoking and non-

smoking (random) observations, we covaried the smoking status of the observation. This 

yielded, for each subject, a (partial) correlation coefficient between craving and each 

situational cue. We also computed for each subject and each cue, a correlation between the 

cue and smoking (i.e., contrasting smoking vs. non-smoking occasions). (Depending on the 

outcome, the coefficient was a Pearson correlation [both continuous], a point-biserial 

correlation [one dichotomous], or a Phi coefficient [both dichotomous]; all are valid 

indicators of the relevant associations.) Because some subjects had more observations than 

others, making their estimates more reliable, we weighted the data by the inverse of the 

standard error for the correlation. (This weighting had little effect: unweighted estimates 

were nearly identical.)

From the CR data, for each subject and each cue, we computed two measures of craving 

response (change in QSU Appetitive and Distress-relief craving following cue exposure). 

(Some CR studies covary baseline levels in analyses of difference scores [see Carter and 

Tiffany, 1999]; this was not relevant here, as correlations with baseline were very modest, 

averaging r < 0.10.) We also analyzed two measures of smoking, here distinguishing 

whether the subject smoked or not [scored as ‘1’ vs. ‘0’], and the total puff time [seconds] 

among those who smoked.

The analyses used an explicit two-step hierarchical approach. The estimated EMA 

correlations constituted the estimates from level 1 (within-subject analyses yielding subject-

level estimates, weighted by their reliability). Between-subject regressions (level 2) were 

then executed predicting the EMA stimulus associations (correlations) from the laboratory 

cue reactivity indices. Each model also controlled for the subject’s response to the neutral 

cue (making responses cue-specific). The outcome was the standardized regression 

coefficient, essentially a correlation, indicating the magnitude of association between CR 

measures and EMA measures.
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3. RESULTS

3.1 Individual variability in response

Figure 1 shows the distribution of associations between cues and craving and smoking for 

both CR and EMA. It can be seen that craving changes after each CR cue (vs neutral) 

demonstrated a wide range of individual differences, including both increases and decreases 

in craving, compared to neutral cue response. Similar dynamics held for total puff time 

following each cue (compared to neutral cue response). EMA data are graphed in Figure 1 

as within-subject correlations between each cue and smoking or craving intensity 

(controlling for whether the subject was smoking or not). It can be seen that, for all cues, 

including those where there was a significant group-wide effect of cues on smoking 

(smoking cues, alcohol, positive affect, and smoking restrictions; Shiffman et al, 2014b), 

individuals varied substantially in how each cue affected their smoking, some showing 

positive associations and some showing negative associations. Thus, both the EMA and CR 

data displayed a range of individual differences in cue response, providing a context in 

which to observe correlations between the two methods.

3.2 Correlations with EMA craving response

Table 1 shows the results of correlating EMA-assessed changes in craving with CR-assessed 

changes in craving (QSU Appetitive and Distress-relief craving) and smoking (0/1, and total 

puff time). For example, EMA-assessed changes in craving when others were seen smoking 

(labeled “smoking” in the table) correlated poorly (r = −0.04) with CR-measured changes in 

Appetitive craving in response to visual smoking cues. The correlation was 0 for Distress-

relief craving, and −0.14 and 0.03, respectively, for whether the person smoked, and how 

long they puffed in the CR lab following exposure to smoking cues (vs. neutral cues). 

Overall, the correlations ranged from −0.21 to +0.35, averaging +0.03. None were 

significantly different from 0.

3.3 Correlations with EMA smoking

Table 2 presents similar data, but focusing on cue associations with smoking in the EMA 

data. The correlations range from −0.20 to +0.32, averaging +0.03. Two correlations were 

significantly different from zero (both p< .025), but one of these was negative.

Across both Tables 1 and 2 (EMA craving and EMA smoking), almost half the correlations 

(40%; 16/40) were negative.

4. DISCUSSION

For the first time, we tested whether craving and smoking observations from laboratory-

based CR testing were actually related to corresponding measures of real-world craving and 

smoking, assessed via EMA, in the same sample. The results were highly consistent: There 

was no reliable relationship between CR measures and real-world behavior. The average 

correlation between the two was 0.03, and there was no robust evidence that the correlations 

were reliably greater than zero. (Two correlations were associated with p-values < .025, but 

one was negative.) Notably, the coefficients for the smoking cues, which are the most 
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common cues evaluated in CR studies (Carter and Tiffany, 1999) and which showed 

significant group-wise effects on craving, were also near zero. Overall, the observed 

associations indicate that measures obtained via the CR paradigm do not reflect smokers’ 

reactions to similar stimuli in the real world.

Given the face validity of the CR laboratory methods, it is not clear why the correlations are 

so low. Laboratory stimuli do not resemble those encountered in the real world. Real-world 

cues are not pictures (or stories), but actual exposures and experiences, which may be more 

potent stimuli. Real-world cues are also complex natural contexts, rather than pure one-

dimensional cues: when one encounters someone smoking, it may be a friend, with whom 

one has smoked before, who is smoking in a bar where one is drinking while socializing. 

Thus real-world cues often present an elaborate and integrated set of contextual cues that go 

beyond exposure to a single cue on its own (see Drummond, 2000).

The standardization of laboratory cues may also rob them of personal relevance; indeed, 

Conklin et al. (2010) report that individualized cues (subjects' photos of their own smoking 

settings) elicit stronger responses. Laboratory cues are also presented in an artificial context, 

in which smokers know they are being studied, and anticipate presentation of a cue. Having 

a cue imposed on one by the experimenter may elicit reactance, defensive counter-responses 

to the cues, which would not often occur in real life when smokers are not quitting. Also, 

since the laboratory context and the anticipation it elicits may themselves provoke craving, 

this setting may mask the effects of more specific cue exposures (Sayette et al., 2000).

Despite these limitations, CR studies have yielded findings indicating that smokers (and 

other drug users) react to smoking/drug cues (Carter and Tiffany, 1999), that such responses 

are reproducible (LaRowe et al., 2007), that some smokers react more strongly than others 

(Shiffman et al., 2003), and that these individual differences are sometimes (but not 

consistently) correlated with other variables of interest (Abrams et al., 1988; Powell et al., 

2010; Waters et al., 2004; Watson et al., 2010). This has been seen not only for subjective 

measures of craving, but also for objective measures such as changes in regional brain 

activity (Engelmann et al., 2012; Janes et al., 2010; McClernon et al., 2009). This suggests 

that CR studies are measuring something, even if they are not representing real-world 

reaction to particular cues.

Even if CR responses are not correlated with real-world responses to cues, CR methods may 

nevertheless be useful. For example, Sayette and Tiffany (2013) have suggested that the 

methods are useful for provoking intense craving, even if it is not cue-specific, so that 

intense craving can be studied in the laboratory. Consistent with this, our CR analyses of 

provoked craving showed that craving prospectively predicted smoking behavior in the 

laboratory, even if it was not cue-specific (Shiffman et al., 2013a). Provoked craving 

paradigms can also assess the effects of medications on preventing or treating cue-provoked 

craving (Brandon et al., 2011; Hitsman et al., 2013; Niaura et al., 2005; Shiffman et al., 

2003). Thus, CR studies may be useful, even if they do not relate to real-world patterns of 

smoking or craving responses to cues. Importantly, the results do, however, caution against 

using CR results as the basis for personalized treatment strategies.
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The study was limited in several respects. We studied smokers who were only modestly 

deprived; responses might differ in deprived smokers or those engaged in a quit attempt. 

(However, we did not observe a strong influence of length of deprivation [Shiffman et al., 

2013a], and previous studies have demonstrated similar CR effects during ad lib smoking 

and abstinence [Drobes and Tiffany, 1997; McClernon et al., 2005]). Ours was a volunteer 

sample, so may not represent all smokers. We used standardized still pictures as cues, and 

other cue modalities might better mirror real-world reactivity. Importantly, even when they 

were significant (for smoking, alcohol, and positive affect cues), our cue exposures yielded 

relatively small average responses, suggesting that the cues may have been weak. However, 

this in itself would not invalidate the assessment; indeed, a very strong cue that elicited 

strong responses from most subjects would minimize individual differences and variation, 

making it difficult to show correlation across methods. The fact that both CR and EMA 

responses covered a broad range should have created a favorable setting for observing 

concordance of individual differences between CR and EMA, so long as the variance is not 

simply due to unreliability of measurement. That the observed variance illustrated in Figure 

1 is not just due to unreliability is demonstrated by the fact that individual differences in 

craving and craving change predicted subsequent smoking in the CR study (Shiffman et al., 

2013a), as well as by the fact that both CR and EMA measures differentiated responses of 

daily and non-daily smokers (Shiffman et al., 2013b, 2014a, 2014b). More generally, Wray 

et al. (2014) and LaRowe et al.(2007) have demonstrated that CR measures are reliable over 

repeated assessments. Thus, variance in individual assessments can serve as an important 

predictor even when the average prediction is not significant, as illustrated in a prior study 

(Shiffman et al., 2007). However, some (Sayette and Tiffany, 2013) have argued that certain 

phenomena emerge only when craving is driven to a high level of intensity, which did not 

consistently occur here. Thus, it is possible that a CR study that provoked much stronger 

responses might predict real-world behavior.

Compliance with EMA data collection – both for recording each cigarette and for 

responding to every prompt – was imperfect, and it is possible that non-response biased the 

EMA estimates. However, compliance was generally quite high – subjects responded within 

2 minutes to 88% of prompts, and previous analyses of biomarkers of smoking suggested 

that EMA subjects recorded smoking occasions in a timely way (Shiffman, 2009). 

Moreover, prior studies have shown that EMA-derived measures of smoking patterns can 

predict distal outcomes, and do so better than questionnaire data (Shiffman et al., 2007). 

Although reactivity is a concern in self-monitoring, studies have suggested that reactivity to 

EMA is minimal (Shiffman et al., 2008). However, it is possible that craving is subject to a 

more subtle form of reactivity, wherein asking about craving brings it into awareness in a 

way that would not occur in undisturbed ad libitum smoking (Tiffany, 1990). Of course, this 

would affect CR data as well (Sayette et al., 2000; Sayette and Tiffany, 2013), so should not 

necessarily reduce the CR-EMA correlations. We note also that the EMA data were based 

on numerous observations (averaging 130/subject), making the estimates of association 

highly reliable, whereas the CR data were based on a single observation for each cue (and 

one for the neutral cues). It is possible that assessing CR responses over many cue exposures 

would improve the reliability of the procedure. However, this is not how CR studies are 
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typically conducted, and such assessments would raise issues of carry-over effects and 

habituation.

The study also benefited from notable strengths. It was based on a large sample (almost 4 

times the typical sample size in CR studies; Heckman et al., 2013) that included a 

representative range of smoking rates. We tested multiple active cues, giving the CR data 

multiple opportunities to demonstrate validity. The analyses went beyond craving to include 

smoking, including quantitative measures of CR-induced smoking intensity. The EMA data 

were based on over 15,000 individual observations, and captured detailed real-world 

smoking patterns, without relying on subjects’ recall or their global impressions of smoking 

patterns. The EMA period covered three weeks, representing a robust sample of subjects’ 

smoking patterns.

The study’s findings raise questions about the validity of the CR paradigm as a model of 

individual differences in smokers’ – and perhaps other drug users’ – reactions to particular 

cues. More research examining the external validity of laboratory CR data is needed.
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Highlights

• Smokers' responses to cues were assessed in a cue reactivity (CR) lab and via 

EMA

• Analyses correlated craving and smoking in response to diverse cues in CR and 

EMA

• CR cue responses were not correlated with real-world EMA responses to similar 

cues
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Figure 1. 
Distribution of smoker responses to cues, by method and cue. CR craving data (Shiffman et 

al, 2013a) are graphed as the difference between each cue and the neutral cue in post-cue vs 

pre-cue QSU Appetitive Craving, which was assessed on a 49-point scale. (Distress-relief 

craving, not shown, showed very similar distributions.) CR smoking data are graphed as the 

difference in total puff time (with no smoking represented as zero puff time) following each 

cue versus the neutral cue. EMA data (Shiffman et al., 2014b) are graphed as individual 

subject correlations between cues and rated contemporaneous EMA-reported craving (on a 

0–100 scale, adjusting for whether the subject was smoking or not) or smoking (vs. not 

smoking). Negative and Positive Affect were represented by factor scores on composite 

affect scales; other cues were assessed as present or absent, based on EMA reports.
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Table 1

Cue reactivity outcomes predicting cue associations with EMA craving (controlling for smoking)

Cue Reactivity Outcome

Craving Smoking

Cue

QSU
Appetitive

QSU
Distress

Relief

Smoked
(Y/N=1/0)

Total
puff-timea

Smokingb −0.04 0.00 −0.14 0.03

Alcoholc 0.18 0.18 0.23 0.35

Negative affectd 0.11 −0.01 0.02 0.01

Positive affecte −0.08 −0.07 0.00 0.15

Prohibitionf −0.08 −0.06 0.09 −0.21

Entries are standardized regression coefficients

*
p < 0.05 for test that coefficient differs from 0 (none differ from zero)

a
Among those who smoked

b
In CR, smoking cues; in EMA, whether others were smoking

c
In CR, alcohol cues; in EMA, whether respondent had consumed alcohol in the previous 15 minutes

d
In CR, a negative affect induction; in EMA, assessed by a multi-item factor score

e
In CR, a positive affect induction; in EMA, assessed by a multi-item factor score

f
In CR, smoking-prohibition cues; in EMA whether smoking was prohibited in the setting
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Table 2

Cue reactivity outcomes predicting cue associations with EMA smoking

Cue Reactivity Outcome

Craving Smoking

Cue

QSU
Appetitive

QSU
Distress

Relief

Smoked
(Y/N=1/0)

Total
puff-timea

Smokingb 0.07 0.07 0.01 −0.08

Alcoholc *0.26 0.14 0.02 0.32

Negative affectd 0.06 0.05 *−0.20 −0.09

Positive affecte 0.14 −0.01 0.05 0.06

Prohibitionf −0.05 −0.05 0.04 −0.22

Entries are standardized regression coefficients

*
p < 0.025 for test that coefficient differs from 0

a
Among those who smoked

b
In CR, smoking cues; in EMA, whether others were smoking

c
In CR, alcohol cues; in EMA, whether respondent had consumed alcohol in the previous 15 minutes

d
In CR, a negative affect induction; in EMA, assessed by a multi-item factor score

e
In CR, a positive affect induction; in EMA, assessed by a multi-item factor score

f
In CR, smoking-prohibition cues; in EMA whether smoking was prohibited in the setting

Drug Alcohol Depend. Author manuscript; available in PMC 2016 October 01.


