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Objective

Previous studies have investigated the association between attentional bias and craving in
laboratories, but ecological momentary assessment (EMA) may provide ecologically valid
data. This study examines whether clinic-measured attentional bias is associated with
noticing smoking cues, attention to smoking, and craving assessed by EMA and whether

EMA-assessed cues and attention to smoking are associated with craving.

Method

Secondary analyses of clinical trial data involving 100 cigarette smokers attempting to quit
assisted by behavioural support and nicotine patch treatment. Two weeks prior to quitting,
participants completed attentional bias assessments on visual probe and Stroop tasks.
Participants carried personal digital assistants for seven weeks thereafter, which administered

random assessments of smoking cues, attention towards smoking, and craving.

Results

Participants completed 9271 random prompt assessments, averaging 3.3 prompts/day. There
was no evidence that clinic-measured attentional bias was associated with cues seen (visual
probe: OR=1.00, 95%C1=0.99, 1.01; Stroop: OR=1.00, 95%CI1=0.99, 1.00), attention towards
smoking (visual probe: OR=1.00, 95%CI1=0.99, 1.02; Stroop: OR=1.00, 95%CI=0.99, 1.00),
or craving (visual probe: OR=1.00, 95%CI1=0.99, 1.02; Stroop: OR=1.00, 95% CI1=0.99,
1.01). EMA responses to seeing a smoking cue (OR=1.94, 95%CI=1.74, 2.16) and attention
towards smoking (OR=3.69, 95%CI1=3.42, 3.98) were associated with craving. Internal

reliability was higher for the Stroop (0=0.75) than visual probe task (0=0.20).

Conclusions



In smokers attempting cessation, clinic measures of attentional bias do not predict noticing
smoking cues, focus on smoking, or craving. However, there are associations between
noticing smoking cues, attention towards smoking, and craving when assessed in the

moment, suggesting that attentional bias may not be a stable trait.
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Introduction

The role of drug-related cognitive processes on substance use behaviour has been studied
extensively across various drug addictions. Several theoretical models suggest that attentional
bias—where drug users show excessive attention towards drug-related stimuli—may
contribute to craving and relapse (Franken, 2003; Robinson & Berridge, 1993, 2001). In
laboratory settings, attentional bias is commonly measured using the drug Stroop and visual
probe tasks. In the drug Stroop task, participants are required to identify the colour of drug-
related and neutral words or pictures (Cox, Fadardi, & Pothos, 2006). Slower responses to
drug-related stimuli compared to neutral stimuli indicate a bias towards drug-related cues. In
the visual probe task, participants are required to identify the shape of a probe (e.g. a circle or
square) that appears in the former location of either a drug-related or neutral stimulus.
Attentional bias is indexed by faster reaction times towards probes that appear in the location
of drug-related stimuli than neutral stimuli. Using either task, drug users have generally
shown an attentional bias towards drug-related stimuli (Bradley et al., 2004; Munafo et al.,

2003).

These tasks have been used in several studies examining the prospective association between
attentional bias and craving or relapse across a range of drugs. Attentional bias has been
associated with an increased likelihood of relapse in smokers (Powell et al., 2010), alcohol
users (Cox et al., 2002) and heroin users (Marissen et al., 2006), although negative findings
have also been reported (Carpenter et al., 2012; Mitchell et al., 2013) as well as no
associations at all (Field et al., 2013). Similarly, some theories suggest that attentional bias
may be a cause or consequence of high levels of craving (Franken, 2003). In support of this, a
meta-analysis revealed a positive, albeit weak association between the magnitude of

attentional bias and the strength of craving across users of various substances (Field, Munafo,



& Franken, 2009). However, most investigations of attentional bias in drug users have been
carried out in laboratory or clinical settings. This raises several issues on the validity of the
context in which these behavioural measures are assessed, as it is unclear whether laboratory
conditions accurately capture cognitive and motivational processes that occur in the natural
environment. Considering that craving varies within individuals over time (Shiffman et al.,
1997) and across different environmental contexts (Conklin, 2006), these measurement issues

may impinge on the magnitude of associations reported with attentional bias.

Some of these methodological concerns can be addressed by assessing attentional bias in
real-world settings. Ecological momentary assessment (EMA) involves collecting
assessments of naturally occurring phenomena in real-time, typically relying on portable
electronic devices (Shiffman, Stone, & Hufford, 2008). EMA methods have been successful
in capturing temporal variations in factors associated with relapse, including changes in
craving and negative affect (Shiffman et al., 1997; Shiffman & Waters, 2004). More recently,
a systematic review of EMA studies revealed positive associations between craving and
concurrent and prospective substance use (Serre et al., 2015). Although theoretical models
generally assume that attentional bias is a stable characteristic in individuals (Cox et al.,
2006; Field & Cox, 2008; Franken, 2003), some investigators argue that attentional bias may
also fluctuate in the same way as craving when measured in the natural environment
(Christiansen, Schoenmakers, & Field, 2015; Field, Marhe, & Franken, 2014). This is
supported by studies that measure attentional bias in the field. For example, using a Stroop
task on a hand-held device, heroin-dependent patients exhibited higher attentional bias during
episodes of high temptation to use drugs compared to other times in the day (Waters, Marhe,

& Franken, 2012). Another EMA study found that heroin-dependent patients with greater



Stroop bias and craving during temptation episodes were more likely to lapse than those who

did not (Marhe et al., 2013).

Only one study to date has used EMA methods to examine the association between
attentional bias and craving in treatment-seeking smokers (Waters et al., 2014). Using hand-
held devices, the authors measured implicit attentional bias on a Stroop task and explicit
attentional bias using a single-item scale for self-reported attention to smoking. Stroop bias
scores were associated with participants’ self-reported attention towards smoking cues and
measurements of craving taken at the same time. However, assessing attentional bias
repeatedly in the field with a Stroop task may be burdensome for participants. If attentional
bias represents a stable characteristic, then it should be possible to relate a prior measure of

attentional bias to attention to smoking cues and craving measured in the field.

Theoretically, attentional bias develops through classical conditioning processes and the
repeated pairing of smoking-related stimuli with smoking (Robinson & Berridge, 2001). It
should follow that exposure to smoking cues leads to increases in attentional bias. A person
with higher attentional bias may perceive smoking cues in a situation where a person with no
attentional bias may not and this could prompt craving (Franken, 2003). There is evidence
from EMA research that exposure to substance-related cues is associated with concurrent
craving (Fatseas et al., 2015). However, no previous study has assessed whether attentional

bias is related to the detection of smoking cues in the natural environment.

We used data from a clinical trial designed primarily to examine the efficacy of attentional
retraining in smokers attempting to quit (Begh et al., 2013; Begh et al., 2015). In our

secondary analyses, we examined: 1) Whether attentional bias measured in clinic was



associated with noticing smoking cues in the environment (as theory would predict; Robinson
& Berridge, 2001); 2) Whether attentional bias was associated with participants’ self-reported
attention towards smoking; 3) The assumption that attentional bias is associated with craving
(Franken, 2003); 4) Whether noticing more smoking cues in the natural environment was
associated with craving; and 5) The association between self-reported attention towards
smoking and craving (as theory predicts that dwelling on smoking - prompted by noticing

cues - gives rise to craving; Franken, 2003).

Method

Participants

Participants were smokers recruited from general practices and stop smoking services in the
UK via letters and personal referral from taking part in a trial (Begh et al., 2013; Begh et al.,
2015). Inclusion criteria included: (a) aged 18 years or over; (b) smoked at least 10 cigarettes
per day or had an exhaled carbon monoxide (CO) value of at least 10 parts per million (ppm);
and (c) had normal or corrected-to-normal vision. Exclusion criteria were: (a) current use of
smoking cessation medication; and (b) severe medical or psychiatric problems that would
have compromised participation. Of the 137 participants that attended the baseline session,
122 participants took part in the EMA study. We excluded data from one participant who
died shortly after enrolment. Data from 21 participants were removed during EMA data
cleaning because they did not meet quality criteria (e.g. completed <50% of random prompts
during study period). The remaining sample comprised 100 participants, where not all

participants provided data for all aspects of the study (Figure 1).

Procedure



The study received approval from the National Research Ethics Committee. Study procedures
and measures are reported in detail elsewhere (Begh et al., 2013). Briefly, participants
attended up to eight clinics. These included two pre-quit sessions (baseline and preparation),
a quit day session and weekly sessions thereafter up until four-weeks post-quit and again at

eight weeks post-quit.

At the baseline session, eligibility was checked, written consent obtained and demographic
and smoking information were collected. Smoking status was assessed by expired-air carbon
monoxide (ECO) (Bedfont Scientific Ltd, UK) and a quit date was agreed for two weeks’
time. Trained stop smoking advisors provided weekly withdrawal-orientated behavioural
support in clinics and a step down programme of 21mg/24-hour nicotine patches for 8-12

weeks.

Clinic Measures

Visual probe task

Participants undertook a visual probe task during the baseline visit. Twelve picture pairs of
smoking-related and neutral pictures were used in the assessment. These pictures have been
applied in previous research (McClernon, Kozink, & Rose, 2008). The task comprised a total
of 192 trials presented in two blocks. Eight practice trials with neutral picture pairs were
presented before the first block of assessment trials. Each trial began with a fixation cross
displayed in the centre of the computer screen for 500 ms, followed by presentation of a
picture pair for 500 ms. A visual probe, either a circle or square, then appeared in the location
of one of the pictures. Participants were required to identify the shape of the probe by
pressing the corresponding keys on the keyboard as quickly as possible. Presentation of the

picture pairs and probes were counterbalanced, i.e. each permutation of picture pair and probe



type was presented within each block. Thus, each type of probe appeared in the location of
the smoking-related and neutral picture with equal frequency. Each block of trials was
presented in a new random order for each participant, using EPrime version 2 (Psychology

Software Tools Inc., Pittsburgh PA).

Reaction times (RTs) were derived from participants’ responses to probes that replaced
smoking-related pictures and neutral pictures. Incorrect responses were discarded, as were
RTs that timed out after 2000 ms. An index of attentional bias was calculated by subtracting
the median RTs for smoking-related pictures from the median RTs for neutral pictures.

Positive scores reflected an attentional bias towards smoking cues.

Pictorial drug Stroop task

Participants completed the Stroop task following the visual probe task. Using the same
stimuli as in the visual probe task assessment, 192 trials were presented in four blocks. Each
block consisted of smoking-related or neutral pictures only. Eight practice trials were offered.
Each trial began with a fixation cross presented in the centre of the computer screen followed
by a picture outlined in red, blue, yellow, or green. Participants were required to indicate the
colour of the border as quickly as possible by pressing the corresponding colour-labelled keys
on the keyboard. The picture remained on the screen until a response was given; the trial
timed out if no response was received within 2000 ms. Each block of trials was presented in a

new random order for each participant.

A Stroop bias score for each participant was calculated by subtracting the median RTs for
colour-naming neutral pictures from the median RTs for colour-naming smoking-related

pictures. Positive scores indicated a bias towards smoking cues.



EMA Measures

Participants were trained in using a handheld personal digital assistant (PDA; Samsung®©
1200) to collect information about smoking and quit experiences. The functionality and
design of the EMA program mirrored that used in previous smoking studies (Schuz et al.,
2013; Shiffman et al., 2002). A video demonstration was played during training, instructing
participants to carry the PDA with them at all times for seven weeks, to monitor ad libitum
smoking during the pre-quit period and respond to audible random prompts throughout their
quit attempt. Random prompt assessments occurred up to five times per day, determined by
participants’ hours of wakefulness. Participants had one minute to respond to the sound of the
prompt, otherwise it was recorded as a missed entry. Participants were also given an
accompanying instruction booklet and a help-line number for technical support. Adherence to
EMA monitoring was checked each week by the therapist using a computer program, which
calculated the number of missed and completed reports and reported daily compliance to
random prompts. At the eight-week post-quit visit, participants returned the PDA and were

paid up to £150 if they had adhered to the EMA protocol.

Smoking cues

Attentional bias is defined as noticing and attending to smoking cues in the environment and
asking participants to report on what they observe provides a direct and explicit measure of
this. Participants reported by EMA whether they had noticed any smoking-related cues within
the last hour of receiving a random prompt. The question, “Seen any of the following?”
appeared with the following response options: cigarette, lighter or matches, cigarette packet,
ashtray, cigarette on TV/film/ad, someone smoking, other smoking things and none of the

above. Participants could endorse more than one item.
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Self-reported attention

EMA self-reported attention items were derived from the Subjective Attentional Bias
Questionnaire (SBQ); (Leventhal et al., 2007). Three items that were most relevant to the aims
of this study were taken from the 8-item questionnaire to assess the extent to which
participants felt that their attention was drawn to cigarettes and smoking cues in the last hour
of receiving a random prompt: “Attention drawn to cigarettes?” “Stared at cigarettes/cigarette
smoke” and “Had thoughts/images of smoking?”” Responses to each item were made ona 1
(not at all) to 7 (extremely) scale. These responses were summed and averaged to give a score

for self-reported attention towards smoking.

Craving
Participants were asked to recall the strength of their craving in the moments before the

prompt had occurred, on a scale from 1 (not at all) to 7 (extremely) using EMA.

Number of cigarettes smoked

Participants logged every cigarette on the PDA after smoking. If they missed a cigarette entry
during the day, they could enter the number of missed cigarettes in an evening report before
going to sleep. Any smoking that occurred during the night could be entered in a morning

report.

Quit status
The PDA administered a quit report if a cigarette had not been logged or entered as missed in
a morning or evening report within 24 hours of the last cigarette entry. The PDA switched to

quit mode if participants indicated that they had not smoked in the last 24 hours and any
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further logged cigarettes were coded as lapses thereafter. Abstinence was verified at each

clinic visit with a CO level <10 ppm (West et al., 2005).

Data management and analysis

Data were excluded prior to analysis if quality criteria were not met, as is standard in other
EMA studies (Schuz et al., 2013). Participants who completed <50% of random prompts
overall during the study period were removed from the analysis, as were those who
terminated EMA monitoring within the first study week (Figure 1). For visual probe and
Stroop task data, participants with attentional bias scores greater than 3 SDs from the
population mean were excluded. Cronbach’s alpha was calculated as an index of internal

reliability for both tasks.

Statistical models

Multilevel mixed-effects logistic or ordinal logistic models (STATA 13) were used for the
analyses, to allow for clustering of the random prompt data by subject. We used a random
subject-specific intercept in all models. A quit variable (yes/no) was also included as a
random effect in all models. An unstructured covariance matrix structure was specified for
random effects. Gender, age, day and post-quit lapses were included as fixed effects in all
models. Day (days since baseline clinic visit) was subdivided into two variables (days since
baseline clinic if not quit and days since quitting) to allow different associations with the
dependent variable, before and after quitting. Continuous linear and quadratic terms were
included for each day variable. For all models statistical significance of the parameter

estimates were assessed with a Wald test. Details of specific models described below.

Clinic attentional bias and its association with noticing smoking cues
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We used both the visual probe and Stroop clinic measures to assess whether either was
associated with seeing at least one smoking cue and, among those who saw at least one cue,

the number of cues seen in the past hour, assessed by EMA.

Clinic attentional bias and its association with self-reported attention
We used both the visual probe and Stroop clinic measures to assess whether either was

associated with self-reported attention assessed by EMA.

Clinic attentional bias and its association with craving
We used both the visual probe and Stroop clinic measures to assess whether either was

associated with craving assessed by EMA.

EMA measures of noticing cues and its association with craving
Attentional bias theory predicts that noticing more cues in the environment produces craving.
We examined this by a model in which we associated the craving score with the number of

cues noticed in the past hour on EMA random prompt assessments.

EMA measures of self-reported attention and its association with craving
Attentional bias theory predicts that attention towards smoking gives rise to craving. We
tested this by examining the association of the self-reported attention score with craving

assessed by EMA.

We analysed the data separately for the pre-quit and post-quit day data and found no
substantial differences in the pattern of results. We also analysed the data after quit day only

for the first week of the quit attempt but this gave very similar results. We therefore report the
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results for all periods combined. Participants were randomised to attentional retraining or
sham training so we carried out separate analyses with treatment arm. This produced largely

the same results; therefore these are not reported.

Results

Demographics and smoking characteristics at baseline

The 100 participants were on average 44 (SD=13) years old, smoked 21 (SD=9) cigarettes
per day and were moderately dependent with an FTND score of 5.5 (SD=2.3). The mean
visual probe task bias score was 3 ms (SD=28) and mean Stroop bias score was 1 ms
(SD=52). One sample t-tests revealed that neither bias score was significantly different from

zero (visual probe: t[96]=1.05, p=0.30; Stroop: t[97]=0.10, p=0.92).

EMA compliance

In total the 100 participants responded to 9271 random prompt assessments during the study
period averaging 3.3 (SD=0.7) prompts per day. Of the 100 participants, 88 abstained from
smoking for at least 24 hours at some point. They completed 32 days of EMA monitoring on
average (mean 12 days pre-quit, 20 days post-quit) where at least one random prompt was

issued. Overall daily compliance to random prompts was 82%.

Internal reliability
Cronbach’s alpha coefficients were 0.20 for the visual probe task and 0.75 for the Stroop
task, with the latter reaching the minimum standard (>0.70) for acceptable internal reliability

(Kline, 1999).

Association between clinic attentional bias and noticing smoking cues
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Of 9271 random prompts completed, participants reported seeing at least one smoking cue in
3935 (42.4%) assessments. Within the 3935 assessments where at least one smoking cue was

seen, the mean number of smoking cues seen was 2.5 (SD=1.5)

There was no evidence of an association between visual probe or Stroop assessments of
attentional bias and the number of cues seen, or having seen at least one cue (ps>0.66; Table

1),

Association between clinic attentional bias and self-reported attention
Of 3935 assessments where at least one smoking cue was seen, participants completed 3905
assessments of attention towards smoking. Within these 3905, the mean score for self-

reported attention was 3.2 (SD=1.5) on a scale of 1-7.

There was no evidence of an association between visual probe or Stroop assessments of

attentional bias and self-reported attention to smoking (ps>0.37; Table 1).

Association between clinic measures of attentional bias and craving

Ordinal logistic regression analyses indicated that attentional bias RT scores on the visual
probe and Stroop task were not associated with repeated measures of craving at each random
prompt: visual probe task (OR=1.00, 95% C1=0.99, 1.02), Stroop task (OR=1.00, 95%

CI1=0.99, 1.01).

Association between EMA measures of noticing smoking cues and craving
Within random prompt assessments, seeing at least one smoking cue was postively associated

with craving (OR=1.94, 95% Cl= 1.74, 2.16; Table 2). There were positive associations with
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craving for individual items, including seeing a cigarette, lighter or matches, a cigarette
packet, an ashtray and someone else smoking (ps<0.0001; Table S1) but not for seeing a
cigarette on TV/film/ad and other smoking things (ps>0.36). For assessments where at least
one smoking cue was seen, the number of cues seen was positively associated with craving

(OR per one more cue seen=1.10, 95% CI=1.03, 1.17).

Association between EMA measures of self-reported attention and craving

There was evidence of an association between self-reported attention to smoking and craving

(OR per one unit higher self-reported attention=3.69, 95% CI1=3.42, 3.98).

Discussion

This study investigated whether reaction time measures of attentional bias administered in a
clinic prior to quitting smoking were associated with noticing smoking cues seen in the
environment, self-reported attention to smoking, and craving all assessed using EMA
measures. The study also examined whether noticing smoking cues and self-reported
attention to smoking was associated with craving when all were assessed using EMA.
Attentional bias, measured in clinic using the visual probe task and Stroop task was not
associated with noticing smoking cues, self-reported attention to smoking, or craving across
multiple EMA assessments. On the other hand, EMA assessments of noticing smoking cues
and self-reported attention towards smoking were associated with concurrently assessed
craving. A significant attentional bias towards smoking cues was not evident in the sample at

baseline on either reaction time measure.
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This is the first study to show that measurements of attentional bias taken in a clinical setting
are unrelated to real-world measures of attention and craving. We used two different but
commonly used measures of attentional bias to maximise our chances of observing an
association, but none was found. Other studies have similarly shown a lack of association
between attentional bias measured in the laboratory and craving assessed at the same time
(Spiegelhalder et al., 2011; Waters et al., 2003). It is worth noting that, in line with previous
research (Ataya et al., 2012a), the visual probe task showed very poor internal reliability.
This could have arguably compromised associations with craving. However, the Stroop task
showed acceptable levels of internal reliability and so the lack of associations observed can

not be explained by uncertainty around the reliability of the task.

We did, however, detect an association between noticing smoking cues, attention to smoking
and craving when these constructs were assessed in the moment of their occurrence, using
EMA. These findings are similar therefore to two other studies, which also reported cross-
sectional associations between attentional processes and craving in smokers trying to stop
smoking (Waters et al., 2014) and heroin-addicts in treatment (Marhe et al., 2013).
Specifically, both studies administered the Stroop task repeatedly via EMA and found an
association with craving measured at the same time. Taken together, these patterns of
association suggest that attentional bias may be situational as opposed to being a stable trait,
and that its occurrence coincides with increases in craving. We support the notion that
attentional bias in the natural environment is associated with craving during the time of
measurement and the strength of attentional bias manifest may depend upon a person’s
motivation with respect to substance use (Christiansen, Schoenmakers, & Field, 2015; Field,

Marhe, & Franken, 2014).
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It is important to note that our data and all those described above are correlational and do not
reveal anything about the causal or even temporal relationship between attentional bias and
craving. Studies that manipulate attentional bias would clarify whether attentional bias is a
cause of craving. Those trials so far completed show little evidence that changing laboratory
or clinic measures of attentional bias produce changes in craving (Field et al., 2009; McHugh
et al., 2010; Begh et al., 2015). However, attentional retraining conducted in the environment
using EMA methods has been shown to reduce both attentional bias and craving in smokers
(Kerst & Waters, 2014). Whether this would do so in smokers who are motivated and trying
to quit - the clinically relevant population - is yet to be determined. However, this does
suggest there may be a role for attentional bias retraining, but our theoretical models may
need further development to understand the apparently complex fleeting relationship between

attentional bias and craving.

There are some limitations of the study. The list of smoking cues compiled for the study was
generic. Some have argued that associations between personalised cues and craving may be
stronger and more relevant than generic cues (Conklin, 2006; Conklin, 2010; Fatseas et al.,
2015). Furthermore, these associations have been found to persist for a longer time-period
compared with generic substance-related cues (Fatseas et al., 2015). Similarly, we used
generic rather than personalised stimuli in the reaction time measures of attentional bias.
Alcohol studies have shown that the internal reliability and predictive validity of reaction
time tasks can be increased by using personalised stimuli rather than generic stimuli
(Christiansen et al., 2014; Christiansen et al., 2015), although the tailoring of stimuli may be

challenging to implement for each participant (Ataya et al., 2012b). Another limitation is that
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participants were asked to report on whether a smoking-related cue was seen or not, prior to
assessing craving. This could have created demand characteristics in the way that smokers
responded to craving; inducing people to remember cues that were not at the time salient but
became more so on reflection could have also inadvertently increased the intensity of craving
reports. However, the opposite could also be true if items were reported in reverse order —
asking people to report craving prior to cue exposure could prompt them to think about the
cause of their craving and overstate the number of drug cues seen (Fatseas et al., 2015; Field,
2015). Administering separate random assessments of craving and cue exposure may reduce
confounding (Field, 2015). Another consideration is that we used a multi-level modelling
structure that combined between-subject and within-subject influences for EMA measures of

attention and craving, although the latter best captures momentary processes.

Taken together, this study together with other evidence suggests that noticing smoking cues,
dwelling on them, and craving are related phenomena in that they co-occur. Attentional bias
is unrelated to any of these measures taken in the moment, suggesting that it may not be a
stable trait. We need to develop new models of the way the environment and cognitive
predispositions interact to allow us to help people with addictions find ways to overcome

momentary impulses that lead to lapses.
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