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Abstract

Introduction: Cigarette smoking in cocaine users is nearly four times higher than the national prev-
alence and cocaine use increases cigarette smoking. The mechanisms underlying cigarette smok-
ing in cocaine-using individuals need to be identified to promote cigarette and cocaine abstinence.
Previous studies have examined the salience of cigarette and cocaine cues separately.The present
aim was to determine whether cigarette attentional bias (AB) is higher in cigarettes smokers who
smoke cocaine relative to individuals who only smoke cigarettes.

Methods: Twenty cigarette smokers who smoke cocaine and 20 non-cocaine-using cigarette
smokers completed a visual probe task with eye-tracking technology. During this task, the
magnitude of cigarette and cocaine AB was assessed through orienting bias, fixation time, and
response time.

Results: Cocaine users displayed an orienting bias towards cigarette cues. Cocaine users also
endorsed a more urgent desire to smoke to relieve negative affect associated with cigarette crav-
ing than non-cocaine users (g = 0.6). Neither group displayed a cigarette AB, as measured by
fixation time. Cocaine users, but not non-cocaine users, displayed a cocaine AB as measured by
orienting bias (g = 2.0) and fixation time (g = 1.2). There were no significant effects for response
time data.

Conclusions: Cocaine-smoking cigarettes smokers display an initial orienting bias toward cigarette
cues, but not sustained cigarette AB. The incentive motivation underlying cigarette smoking also
differs. Cocaine smokers report more urgent desire to smoke to relieve negative affect. Identifying
differences in motivation to smoke cigarettes may provide new treatment targets for cigarette and
cocaine use disorders.

Implications: These results suggest that cocaine-smoking cigarette smokers display an initial
orienting bias towards cigarette cues, but not sustained attention towards cigarette cues, rela-
tive to non-cocaine-using smokers. Smoked cocaine users also report a more urgent desire to
smoke to relieve negative affect than non-cocaine users. Identifying differences in motivation
to smoke cigarettes may provide new treatment targets for both cigarette and cocaine use
disorders.
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Introduction

Cocaine users smoke cigarettes at nearly four times greater prev-
alence than national estimates."? Cocaine use is positively associ-
ated with cigarette smoking.> Individuals meeting criteria for both
tobacco and cocaine dependence use cocaine at an earlier age,
use more grams per week, and use cocaine more frequently than
non-cigarette smokers.* Cigarette smoking also modestly increases
craving for cocaine,’ predicts poorer treatment outcomes for
cocaine-dependent individuals,® and smoking cessation increases the
likelihood of cocaine abstinence.””

The mechanisms underlying cigarette smoking in cocaine-using
individuals need to be identified as a way to promote cigarette and
cocaine abstinence.!’ Cigarettes and cocaine are often used in close
temporal proximity.'' Smoked cocaine and cigarettes share common
discriminative stimuli (eg, lighters, smoke). Substance-related cues

play a critical role in drug use and relapse.'*'

Repeated associative
pairings between a substance and substance related cues results in
attentional bias (AB), which is the allocation of a disproportionate
amount of time attending to substance related stimuli.'!” Cigarette
and cocaine AB have been demonstrated using eye-tracking technol-
ogy during the visual probe task.!'s-2

Despite a well-documented relationship between cigarette smok-
ing and cocaine use, the salience of cigarette cues has not been
assessed in cigarette-smokers who also smoke cocaine. To this end,
the magnitude of cigarette and cocaine AB were compared using the
visual probe task with eye-tracking technology in two groups: (1)
cocaine-smoking cigarette smokers (2) non-cocaine-using cigarette
smokers. Given the shared conditioning history and the activation
common neuropathways,??? it was hypothesized that the magnitude
of cigarette AB would be larger in cocaine-using cigarette smokers as
compared to non-cocaine-using cigarette smokers.

Methods

Participants

Fifty individuals were recruited from the community. Eight did not
meet inclusion criteria and eye-tracking data were insufficient for two
additional participants (ie, greater than 2 SDs below the mean for
number of fixations recorded). Forty adults reporting smoking 10-20
cigarettes per day in the past 30 days completed the study. Individuals
who had made a quit attempt (ie, any effort to reduce the number of
cigarettes smoked) in past 30 days or intended to quit in the upcoming
30 days were excluded. Twenty participants reported using smoked
cocaine as their preferred route within the past month and fulfilled
diagnostic criteria for cocaine abuse or dependence as determined by
a computerized Structured Clinical Interview for the Diagnostic and
Statistical Manual of Mental Disorders-IV (SCID)*. Twenty partici-
pants denied cocaine use in the past year and reported no more than
five lifetime uses. Individuals were excluded based on criteria detailed
previously.”® All participants provided written informed consent and
completed screening questionnaires on current and past physical and
mental health, measures of current psychological functioning, and
detailed substance use history. The Institutional Review Board of the
University of Kentucky approved all protocols and informed consent
documents. Participants were compensated for their time.

Procedure
Data were gathered during routine screening for ongoing labora-
tory protocols during one outpatient session. Participants were

instructed to abstain from drug use for 12 hours and caffeine use
for 4 hours prior to testing to decrease the likelihood of being under
the acute effects of a substance. Participants were also instructed
to smoke their last cigarette at least 1 hour prior to their sched-
uled session. Upon arrival, all participants passed a field sobriety
test and provided a breath sample negative for alcohol. Drug urine
screens were conducted at the outset of the session as described pre-
viously.'® Participants provided an expired breath carbon monoxide
(CO) sample on a Smokerlyser (Bedfont Scientific, Bedford, United
Kingdom) and reported the time they smoked their last cigarette.
Next, participants smoked one cigarette under staff supervision.
Participants completed the visual probe task 1.5 hours following
completion of the cigarette in order to reduce psychomotor stimulant
effects® on task performance and to standardize nicotine depriva-
tion.”?¢ Immediately following, participants completed question-
naires regarding cigarette craving and withdrawal (see below).

Visual Probe Task

Fixation data were collected using a Tobii X2-60 eye tracker (Tobii
Technology, Sweden) as described previously.® AB was measured
using a visual probe task operated using E-prime software (Psychology
Software Tools, Pittsburgh, PA) on a PC. For each trial, two 13cm x
18cm images (a substance-related and a matched neutral image) were
presented side-by-side, 3cm apart, on a computer screen for 1000 ms.
Orienting bias (percent) and the amount of time (ms) fixating on the
substance and neutral image was measured. Upon offset of the image
pair, a visual probe (X) appeared either on the left or the right side of the
screen, in the same location as one of the previously presented images.
The amount of time (ms) to respond, by pressing one of two response
keys indicating on which side of the screen the probe appeared, was
measured. Response time data only included critical trials in which a
correct response was made longer than 100 ms after the probe appeared.
Participants completed ten practice trials containing only neutral images
to ensure that they understood the task requirements.

Critical task stimuli consisted of five cigarette images matched
with five neutral images (ie, non-cigarette-related) and five cocaine
images matched with five neutral images (ie, non-cocaine-related).
Cigarette images depicted lit and unlit cigarettes. Cocaine images
depicted crack or powder cocaine as well as related paraphernalia.
Neutral images were matched on the number of objects in the image,
size, and color scheme (eg, a cigarette matched with a stick or a crack
pipe matched with a pen). Images were proximal cues (ie, no peo-
ple/scenes)?” with muted color schemes and grayscale background.
Cocaine and cigarette image pairs were analogous, but not directly
matched. Cigarette images were never presented side-by-side with
cocaine images. Images were presented four times, once for each of
the four possible image/probe combinations for a total of 40 test tri-
als, in random order (ie, left and right image locations and visual
probe locations). Forty filler trials consisting of ten pairs of additional
neutral images were intermixed with the test trials as described previ-
ously, for a total of 80 trials.'" The primary outcome variables were
the difference in orienting direction and fixation time (ms) between
(1) cigarette and neutral images and (2) cocaine and neutral images.

Questionnaires
The Minnesota Nicotine Withdrawal Scale—Revised consists of 15
items assessing withdrawal and negative affect over the last 24 hours
using a five-point rating scale.?®

The Questionnaire of Smoking Urges—Brief consists of 10 items
assessing cigarette craving along a 100-unit scale.?” Factor 1 assesses
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desire to smoke to acquire rewarding effects. Factor 2 assesses the
urgent desire to smoke to relieve negative affect.

Data Analysis

Independent samples ¢ tests were conducted to compare demograph-
ics for continuous variables and chi-square analyses were conducted
to compare categorical variables between groups. Orienting bias was
calculated as the percent of trials in which the first fixation was directed
towards the cigarette or cocaine image, respectively. Bias scores greater
than 50% indicate a bias towards the cigarette or cocaine images.
Fixation time (ms) was calculated by summing the total fixation time for
each image type (cigarette, neutral-cigarette, cocaine, neutral-cocaine)
and then dividing by the total number of trials (20). AB (orienting bias,
fixation time, and response time) was assessed using a mixed-model
analysis of variance (ANOVA; SPSS, IBM, Chicago, IL) with substance
(cigarette and cocaine) and cue type (substance and neutral) as the
within-groups factors and group (cocaine-using and non-cocaine-using)
as the between-groups factor. The mean-square error term was used to
conduct Fisher’s Protected LSD tests to determine potential differences
between conditions. An effect size (Hedge’s g) was calculated for all sig-
nificant effects.’ Statistical significance was set at P <.05.

Results

Table 1 presents descriptive and inferential statistics for compari-
sons between groups. Cocaine smokers endorsed higher Drug Abuse
Screening Test (DAST)?' and Michigan Alcoholism Screening Test

(MAST)? scores than the non-cocaine users. The group of cocaine
users also rated Factor 2 of the Questionnaire of Smoking Urges
higher (urgent desire to smoke to relieve negative affect). The groups
did not differ significantly on any other demographic characteristics
or drug use history other than cocaine use.

For orienting bias, the ANOVA revealed a significant interaction
of cue type and group, F  ,, = 5.0, P < .05. Cocaine users displayed
an orienting bias towards cigarette (59%, SD = 11, g = 1.5) and
cocaine cues (61%, SD = 11, g = 2.0). Non-cocaine users did not
display a statistically significant orienting bias towards either cue
(54%, SD = 14, cigarettes; 54%, SD = 8, cocaine).

Figure 1 presents cigarette and cocaine AB scores for the cocaine-
using and non-cocaine-using groups. For fixation time, the ANOVA
revealed a significant interaction of substance, cue type, and group,
F 55 =4.3,P <.05. Cocaine users fixated on cocaine images 126.5 ms
longer than neutral images (g = 1.2), indicating a significant cocaine
AB. In contrast, non-cocaine users did not fixate on cocaine images
longer than neutral images. Fixation time to cigarette and neutral
images did not significantly differ in either the cocaine-using or the
non-cocaine-using group (Ps > .05), indicating the absence of a ciga-
rette AB. No significant interactions or main effects were detected
for response time data (Ps > .05).

Discussion

This study compared cigarette and cocaine AB in cocaine-smoking
and non-cocaine-using cigarette smokers. Cocaine users displayed an

Table 1. Mean, SD, tValue, and Chi-Square Value for Comparisons Between Group Means

Group
Cocaine-using Non-cocaine-using

Measure (range) Mean SD Mean SD Test of significance Hedge’s g
Age 41.2 (7.0) 38.3 (12.4) L =0.9
Females 8 12 Xy =1.6
Race Yo =

African American 15 8

Caucasian 4 10

Other 1 2
Years of education 12.1 (1.2) 12.5 (1.0) Zag =13
DAST (0-28) 12.9 (5.6) 3.0 (2.1) gy = 74" 2.3
MAST (0 = 53) 10.2 (10.3) 3.6 (4.2) ty = 2.7* 0.8
Cigarette use

Cigarettes per day 15.7 (4.7) 16.1 (4.3) Loy = 0.3

Minutes since last cigarette® 192.5 (244.3) 146.3 (193.9) Loy = 0.7

Carbon monoxide level 18.5 (10.9) 17.1 (8.6) Zag = 0.5

FTND (0-10) 5.3 (2.1) 4.5 (1.6) ty =14

MNWS (total) (0-60) 5.4 (5.3) 8.7 (7.7) ty = 1.6

QSU (0-100)

Factor 1 73.9 (30.4) 69.3 (27.0) t35 = 0.5
Factor 2 40.9 (28.8) 24.2 (22.3 o8 = 2.1% 0.6

Cocaine use

Days since last use 2.6 (4.0)

Days used past month 12.8 (6.1)

Days used past 3 months 38.9 (21.3)

Years used 16.7 (7.3)

DAST = Drug Abuse Screening Test; FIND = Fagerstrom Test of Nicotine Dependence; MAST = Michigan Alcoholism Screening Test; MNWS = Minnesota
Nicotine Withdrawal Scale; QSU = Questionnaire of Smoking Urges-Brief. Effect size (Hedge’s g) reported for significant group differences.

*Minutes since last cigarette prior to start of session.
*Significant difference between groups, P < .05.
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Figure 1. Mean (standard error mean) fixation time to cigarette, neutral-cigarette, cocaine, and neutral-cocaine cues for cocaine-using (left panel) and non-
cocaine-using (right panel) cigarette smokers. An asterisk indicates a significant difference between fixation time to cocaine and neutral cues for the cocaine-

using cigarette smokers.

orienting bias, but not fixation time bias, towards cigarette cues. Non-
cocaine users did not display an orienting bias or fixation time cigarette
AB. This indicates that initial orienting, but not sustained attention to
cigarette cues, is greater in cocaine-using than non-cocaine-using cigarette
smokers, under these experimental parameters (ie, smoking a cigarette
1.5 hours prior to task completion). Consistent with prior studies, cocaine
users also displayed a large magnitude cocaine AB as measured by ori-
entation bias and fixation time, which was not present in non-cocaine
users.'® Response time did not differ between substance or group.

Although the groups did not differ on indices of cigarette use
or negative affect, cocaine-using cigarette smokers endorsed a more
urgent desire to smoke to relieve negative affect than non-cocaine
users, as measured by the Questionnaire for Smoking Urges. This
suggests that the incentive motivation underlying cigarette smoking
differs in cocaine-smoking and non-cocaine-using individuals. For
the cocaine users, in addition to not having smoked a cigarette for
1.5 hours, individuals reported last using cocaine approximately
2.6 days prior. As such, cocaine smokers might experience negative
affect associated with cigarette craving differently than non-cocaine
users, as a result of their cocaine use.

In contrast to previous studies, fixation time did not detect a ciga-
rette AB. Smoking demographics (eg, Fagerstrom Test for Nicotine
Dependence®®) were comparable with prior studies that detected a
bias.!?2%3* As such, the discrepancy may be attributed to experimental
design. For example, nicotine deprivation increases fixation time to
cigarette cues.” Smoking a cigarette 1.5 hours prior task completion
might have attenuated AB or mitigated group differences. Studies
detecting a cigarette AB with fixation time have used longer image
presentations (ie, 2000-6000 ms), more trials, and varied analytical
strategies (ie, duration of initial fixation)."*35 Studies detecting a
cigarette AB through response time have required a more complex
choice response (ie, locate and identify the probe)!>**° than those
that have not detected a bias.*>*! Furthermore, cigarette AB might be
uniquely sensitive task context (ie, priming or carry-over effects). In
a modified Drug Stroop task, response time to smoking words was
slower following alcohol priming words relative to neutral words.*
In future studies, cigarette AB should be assessed independently of
cocaine AB. A larger sample size would facilitate further analysis of
individual differences and enable broader conclusions to be drawn.

These results suggest that with comparable rates of smoking,
cocaine-smoking cigarette smokers display greater initial orienting
bias towards cigarette cues than non-cocaine-using cigarette smokers.
Furthermore, cocaine smokers report a more urgent desire to smoke to

relieve negative affect than non-cocaine users, when nicotine deprived
for 1.5 hours. Identifying differences in cue salience and motivation to
smoke cigarettes may provide new treatment targets for both cigarette
and cocaine use disorders, at least in this group of cocaine-smoking
subjects. Whether these results generalize to individuals preferring
powder cocaine is a direction for future research. Future studies
should also identify the parameters (eg, nicotine or cocaine adminis-
tration) under which cigarette AB, as measured by fixation time, might
differ in cocaine-using and non-cocaine-using individuals.
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