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Abstract

Attentional bias to drug cues has been associated with the problematic use of drugs, including
cannabis. The cognitive mechanisms underlying this bias are not fully understood. The purpose of
this study was to determine whether cannabis-cue attentional bias is associated with disruptions in
attentional processing. To this end, a novel cannabis-cue visual probe task that incorporated eye
tracking technology and attention-based metrics derived from signal detection theory was
administered to seventeen individuals who reported daily/near-daily cannabis use. Seventeen
individuals with cocaine use disorder were also enrolled as a clinical-control group. Cannabis and
neutral images were briefly presented side-by-side on a computer screen, followed by the
appearance of a “go” or “no-go” target upon offset of both images to permit assessment of
attention-based performance. Cannabis users exhibited attentional bias to cannabis cues, as
measured by fixation time and response time, but not cue-dependent disruptions on subsequent
attentional performance. Cocaine users did not display an attentional bias to cannabis cues but did
display poorer attentional performance relative to cannabis users. These results indicate that
attentional bias to cannabis cues is selective to cannabis use history and not associated with
impaired attentional processing.
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Introduction

Although global trends vary, the use of cannabis in Western societies is gaining greater
public acceptance and recent rates of use are increasing. For example, the percentage of
United States (US) survey respondents who favored for some form of cannabis legalization
doubled from 31% in 2000 to 61% in 2017 (Pew Research Center, 2018). Since the year
2000, at least 15 countries have decriminalized possession of “personal” or larger amounts
of cannabis, and in the US, nine states, plus the District of Columbia, have legalized
recreational use. The World Drug Report (2017) indicated that the annual prevalence of
cannabis use increased from approximately 3% to 7% in the European Union (EU), and 9%
to 14% in the US, from 1990 to 2015. However, frequent regular use (e.g., daily), which
increases the risk of developing cannabis use disorder (e.g., Hall, 2009), is reported in only a
subset of individuals who report recent use of cannabis (3% of the US population and 1% of
the EU population; Center for Behavioral Health Statistics and Quality, 2017; European
Monitoring Centre for Drugs and Drug Addiction, 2017).

The factors that contribute to the transition to habitual cannabis use and the maintenance of
continued use are not entirely understood. Given the importance of attention to
environmental cues in goal-directed behavior, there has been considerable interest in
assessing attentional bias to drug stimuli and determining the clinical significance of this
bias to uncover its role in the abuse of various substances, including cannabis. Extensive
research has demonstrated an attentional bias to stimuli specific to the drug abused by the
subjects under study across drug types (e.g., Marks et al., 2014 [cocaine]; Miller and
Fillmore, 2010, 2011 [alcohol]). Different, and overlapping, theories have been proposed to
explain how attentional bias develops (e.g., as a consequence of classical conditioning,
sensitization to acquired incentive salience of cues, cues become discriminative stimuli
signaling drug availability), but all emphasize that the ability of drug-associated cues to
capture the attention of individuals with a history of using that drug is characteristic of
problematic drug use (reviewed in Field and Cox, 2008). Consistent with this notion, there is
evidence that the magnitude of attentional bias is associated with the presence or degree of a
drug use disorder (see below for cannabis examples), though less evidence exists to support
a direct link to relapse or the effectiveness of attentional bias training as a therapeutic
approach (Field et al., 2014; Christiansen et al., 2015).

Much of the research on cannabis attentional bias has used a modified Stroop task, in which
matched drug-related and neutral words that vary in text color are presented individually and
the subject is instructed to indicate the color as quickly as possible while ignoring the
semantic content of the word. Attentional bias is inferred when response times to accurately
indicate the color of drug-related words are slower than for neutral words. A version of the
Stroop task using cannabis-related words revealed attentional bias in cannabis users (= 1x
past month use) who met dependence criteria (N=15; Cannabis Severity of Dependence
Scale [C-SDS; Swift et al., 1998]) but not non-dependent users (N=13), and that attentional
bias was correlated with subjective craving and frequency of cannabis use (Field, 2005).
Greater attentional bias was also observed in adult “heavy” cannabis users (= 1x recent
weekly use and = 200 lifetime uses) who met criteria for cannabis dependence (N=17; Mini-
International Neuropsychiatric Interview [MINI; Sheehan et al., 1998]) compared to those
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who did not meet CUD (N=10), and no cannabis attentional bias was found in control
subjects (N=26; Cousijn et al., 2013). Another study using this task reported an attentional
bias to cannabis but not alcohol words in adolescent/emerging adult cannabis users (N=57;
aged 16-23) receiving outpatient treatment for CUD (Cousijn et el., 2015), demonstrating
the selectivity of this bias. These results support the clinical significance of attentional bias
to cannabis cues. However, factors other than attentional bias (e.g., slowed cognitive and/or
motor processing; Field and Cox, 2008) could contribute to slower response times on
addiction versions of the Stroop task, which has prompted the use of other measures.

Variations of a visual probe task have been used to measure biased visuo-spatial attention to
cannabis-related images in cannabis users. In one version of this task, cannabis and matched
neutral images are briefly presented side-by-side. Upon offset of the images, a visual probe
(e.g., an X) replaces one of the images and subjects must make a choice response based on
the probe location. Attentional bias is inferred if subjects respond more quickly to probes
replacing cannabis images. An early study using a visual probe task revealed attentional bias
to cannabis-related words in cannabis users (N=16; median cannabis cigarettes used per
month = 16) with higher craving scores (upper half of a median split on the Marijuana
Craving Questionnaire; Heishman et al., 2001), but not in cannabis users with lower craving
scores and non-users (N=15; Field et al., 2004a). A more recent study using a visual probe
task demonstrated attentional bias to cannabis images in individuals with cannabis use
disorder (N=12; CUDIT-R and the Diagnostic and Statistical Manual of Mental Disorders-
IV [DSM-IV; American Psychiatric Association, 2000]) compared to controls (N=13;
Vujanovic et al., 2016). These results using visual probe tasks are consistent with cannabis
Stroop studies, though both procedures are restricted to response time as a measure of
attentional bias, which appears to have limited internal and test-retest reliability (Ataya et
al., 2012; Spiegelhalder et al., 2011). Further, visual probe tasks only index final gaze
direction rather than the total time that attention was directed towards the stimulus.

To overcome those limitations, eye-tracking technology has been combined with visual
probe tasks to provide a more ecologically valid and objective measure of attentional
allocation. Fixation (or gaze) time derived from this task is generally a more sensitive
measure of attentional bias than response time (e.g., Field et al., 2006; Marks et al., 2014;
Miller and Fillmore, 2010, 2011) and has greater internal reliability (Ataya et al., 2012;
Field and Christiansen, 2012), though fewer studies have used this technology, likely due to
the added expense and complexity. One prior study in cannabis users (N=23; = 1x recent
weekly use; = 3 on the C-SDS, indicative of dependence) and controls (N=23) found that
cannabis users had longer fixation times towards cannabis images compared to neutral
images, whereas fixation times for the different cue types did not differ in non-using controls
(Field et al., 2006).

This disproportionate orientation towards drug cues could be associated with compromised
attentional processing; for example, an inability to disengage from drug cues and
discriminate relevant environmental stimuli (Field and Cox, 2008; Franken, 2003; Waters et
al., 2005). The present study sought to further address whether cannabis-cue attentional bias
is associated with compromised attentional processing by incorporating signal detection
metrics into a visual probe task, along with eye tracking, in daily or near-daily cannabis
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users (= 25 days per month). “Go” and “no-go” visual probe targets were presented to
subjects following the offset of cannabis and neutral images, which permitted the calculation
of d” (a measure of the ability to discriminate the visual probe targets) and criterion c (a
measure of response bias). We predicted that responses to targets behind neutral cues would
be suboptimal in cannabis users due to disproportionate sustained attention to cannabis cues.
A prior study that included signal detection metrics in a visual probe task found that
cannabis users performed at least as well as controls (Vujanovic et al., 2016). A prior study
that used a visual probe task variant designed to determine whether the presentation of
differently-valenced probes impacted cannabis cue attentional bias failed to find
impairments in signal detection in cannabis users compared to controls (Mujanovic et al.,
2016). The present study therefore also enrolled cocaine users who met DSM-IV criteria for
cocaine abuse or dependence as a clinical control group of individuals with a distinct drug
use history associated with attention-based performance impairments (reviewed in Potvin et
al., 2014) to determine whether the task variant was sensitive to group differences in
performance.

2. Materials and Methods

2.1. Subjects and procedures

Thirty-four adult men and women who could speak/read English were recruited from the
local community through newspaper, radio and website advertisements, as well as word-of-
mouth. The cannabis group consisted of seventeen subjects who reported daily or near-daily
cannabis use (at least 25 out of the past 30 days; as defined in Budney et al., 2007). The
cocaine group consisted of seventeen subjects who met criteria for a DSM-IV cocaine-use
disorder (cocaine dependence N=13; cocaine abuse N=4) and reported smoked crack
cocaine as their typical method of cocaine use, and who used cannabis fewer than five days
in the past month. All subjects completed detailed demographic, substance-use history and
medical history questionnaires, and a computerized version of Structured Clinical Interview
for the Diagnostic and Statistical Manual of Mental Disorders-1V (SCID; First et al., 1996)
during screening. Subjects in the cannabis group endorsed between 0-7 DSM-IV cannabis
dependence items (mean = 3.9 items). All but one subject in the cannabis group met DSM-
IV criteria for cannabis dependence. None of the subjects in the cocaine group met DSM-1V
criteria for a cannabis use disorder. Potential subjects were excluded if they had a serious
medical or psychiatric condition (e.g., schizophrenia) or were currently prescribed
psychiatric medication, were dependent on any drug that could produce withdrawal (e.g.,
alcohol, opioids or benzodiazepines), or were seeking treatment for substance use. The
University of Kentucky Institutional Review Board approved all procedures, recruitment
methods, and the informed consent document. Subjects provided written informed consent
after the procedures and risks were fully explained, and they were monetarily compensated
for their participation.

Subjects were instructed to abstain from drug and alcohol use for 12 h, caffeine for 4 h, and
nicotine for 1 h prior to the experimental session. All subjects underwent a field sobriety test
and provided an expired breath sample to ensure that they were not intoxicated. Following
the field sobriety test, tobacco-using subjects were permitted to smoke a single cigarette 1.5
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h prior to completing the session. Subjects then completed psychometric questionnaires
(described below) used in previous cannabis-cue attentional bias studies (e.g., Cousijn et al.,
2013; Vujanovic et al., 2016), followed by the modified visual probe task, and lastly, a
valence-rating task. The modified visual probe and valence-rating tasks were administered
using E-prime software (Psychology Software Tools, Pittsburgh, PA) on a PC computer.

Each subject participated in a single session. The session was conducted in a human
laboratory in a single-subject room and sound from surrounding areas was attenuated with a
white noise machine. During completion of the visual probe task, the lighting was dim, per
the eye-tracking device instructions. Study personnel read the instructions for each task to
the subjects and provided clarification if requested. All subjects completed practice versions
of visual probe and valence-rating tasks prior to data collection, but practice task data were
not analyzed or reported. Subjects received monetary compensation for their participation;
this compensation was not based on task performance.

2.2. Measures

2.2.1. Psychometric questionnaires—The Cannabis-Use Disorders Identification
Test-Revised (CUDIT-R; Adamson et al., 2010) is an 8-item questionnaire for maladaptive
cannabis use, rated on a 5-point Likert scale (range: 0 — 32). The CUDIT-R has strong
sensitivity and specificity (90% and 91%, respectively) for cannabis-use disorders as
diagnosed by the DSM-1V.

The Perceived Stress Scale (PSS; Cohen et al., 1983) is a 10-item measure, rated on a 5-
point Likert scale (total score range: 0 — 40), developed to measure the degree to which
individuals perceive their life as stressful during the past month. Items in the PSS are general
in nature and relatively context free with regard to specific populations.

The Barratt Impulsiveness Scale-11 (BIS-11; Patton et al., 1995) is a 30-item measure, rated
on a 4-point Likert scale (total score range: 30 — 120), developed to assess the personality
trait of impulsivity.

The Drug Abuse Screening Test (DAST; Skinner, 1992) is a 28-item questionnaire used to
measure psychosocial problems associated with abused drugs other than alcohol, rated on a
‘Yes’/’No’ format (range: 0 — 28).

2.2.2. Modified visual probe task—A modified visual probe task that incorporated
eye-tracking and a signal detection component was used to measure attentional bias to
cannabis cues and determine whether this bias was associated with decrements in attention-
based performance. The structure and parameters of this task were based on previous
versions of the visual probe task (Field et al., 2004a, 2006; Marks et al., 2014) as well as
previous work by Vujanovic et al. (2016) wherein a signal detection component was
measured in conjunction with response time.

Visual probe task stimuli consisted of 10 cannabis images matched with 10 neutral images.
Cannabis images contained cannabis flowers, cigarettes or paraphernalia (e.g., pipes).
Neutral images were matched on the number, size and color of the objects. Each trial began
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with an orienting stimulus (fixation cross, 750 ms) on the computer screen followed by the
presentation of two side-by-side images (cues; 13 x 18 cm, 3 cm apart) for 1000 ms. After a
stimulus-onset asynchrony of 200 ms, one of two visual probe targets (“X’ or ‘/’) appeared
on either the left or right of the screen and remained for 750 ms or until a response was
emitted. The ‘X’ and “/” served as “go” and no-go” targets, respectively. An inter-trial
interval of 750 ms was programmed. Subjects were instructed to look at and focus on both
images, and then respond as quickly as possible to the ‘X’ by pressing one of two responses
keys that corresponded to the side of the computer screen on which the probe appeared, and
to refrain from responding to the ‘/” when it appeared on the screen. An interval of 750 ms
separated trials. The task lasted approximately 5 minutes and consisted of 80 critical trials
and 40 filler trials (120 trials total). Trial sequences are presented in Figure 1. Critical trials
presented a cannabis and a neutral image and varied systematically according to all possible
image and visual probe type and location combinations. Filler trials were intermixed with
critical trials and consisted of 10 pairs of additional neutral images that were unrelated to the
cannabis and matched-neutral images used in the critical trials.

A Tobii X2-60 eye tracker (Tobii Technology, Danderyd, Sweden) was used to determine
fixation time (ms) on each cue type. Eye movement was sample at 60 Hz, onsets of fixations
were defined as periods of at least 100 ms, and the standard deviation of the line of gaze was
less than 0.5° of visual angle. The offsets of fixations were determined by periods of at least
50 ms during which the gaze position was at least 1° of visual angle away from the initial
fixation position. Fixation time on an image was defined as looking within the borders of the
image.

The dependent variables of interest in this task were mean fixation times, mean response
times to “go” targets, d’ values, and criterion ¢ values. The mean fixation times for cannabis
and neutral images were calculated by summing the fixation times within each cue type and
then dividing each summed fixation time by the total number of critical trials (80). Response
times for cannabis and neutral images were calculated as the time to respond to the “go”
target when it appeared on the screen. Response times of 0 ms (i.e., omission error) and
response times to the “no-go” target were not included in the calculation of mean response
times. Attentional bias scores were derived from fixation time and response time data.
Fixation time attentional bias scores were calculated as the difference between mean fixation
time to cannabis cues minus the mean fixation time to neutral cues (greater scores = greater
bias). Response time attentional bias scores were computed as the difference between mean
response time to the “go target” following cannabis cues minus the mean response time to
the “go” target following neutral cues (negative values = greater response bias).

The “go” and “no-go” visual probe targets permitted the determination of the signal
detection metrics d’ and criterion c to assess whether cannabis cues impacted the ability to
discriminate the visual probe targets or biased responding, respectively. d” was computed
using equation 1:

2(H) — z(FA)

7 )

d' =
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In this equation, d’ is calculated from the difference of the zscores of hits (H; i.e., correct
responses) and false alarms (FA; i.e., commission errors) divided by the square root of 2.
The division by the square root of 2 was included because the task is a two-alternative forced
choice task and two criteria are required to make a correct response: (i) only responding to
the “go” target (“X’) and (ii) correctly indicating which side of the computer screen (left or
right) the “go” target appeared, using the corresponding response key (Macmillan and
Creelman, 2005). Criterion ¢ was computed using equation 2:

c= _ z(H) +2Z(FA) @)

In this equation, c is calculated as the sum of the zscores of hits (H) and false alarms (FA)
divided by 2, multiplied by —1; ¢ = 0 reflects no response bias, ¢ < 0 reflects a greater
criterion (i.e., lower hits and false alarms), and ¢ > 0 reflects lower criterion for responding
(i.e., greater hits and false alarms) (Stanislaw and Todorov, 1999).

Although misses (i.e., omission errors) and correct rejections were not included in the
calculations for d” and criterion ¢, means and standard deviations of these metrics for each
group are also included to provide a comprehensive signal detection data set.

2.2.3. Valence-rating task—A valence-rating task of cannabis and neutral images was
included for comparison to previous work that has emphasized incentive-salience in
attentional bias. Explicit measures of stimulus valence (i.e., pleasantness ratings) of cannabis
cues have been used to provide supplementary evidence for biased cognitive processing in
cannabis-using individuals (Field et al., 2006; Metrik et al., 2015). The valence-rating task
included the cannabis and neutral images used in the modified visual probe task along with
an additional 10 cannabis and 10 neutral images for a total of 20 images of each type. Each
trial began with a fixation cross presented in the center of the screen for 500 ms, followed by
individual presentations of each image in the center of the screen for 2000 ms. Upon offset
of the image, a 7-point anchored rating scale that ranged from -3 (very unpleasant) to +3
(very pleasant) appeared on the screen and remained until subjects emitted a response. The
task lasted for approximately 3 minutes. The dependent variable of interest was the mean
ratings of cannabis and neutral images.

2.3. Data analysis

All statistical analyses were performed in SPSS Version 22 (IBM Corporation, Armonk,
NY) with an alpha level set at p < 0.05 (two-tailed) for all outcomes. Independent-samples t-
tests were conducted to compare demographic variables between the two groups. Task
outcomes were analyzed using mixed-model ANOVAs, with group as a between-subjects
factor and cue type (cannabis vs. neutral images) as a within-subjects factor. Post-hoc
comparisons used paired-samples t-tests to compare the fixation times, response times, and
valence ratings between cannabis and neutral images within each group. Cohen’s d effect
sizes are reported for significant task results. Only statistically significant effects detected
from the mixed-model ANOVAs are reported. Non-significant interaction effects and (when
relevant) main effects subsumed by an interaction are not reported. Pearson’s product-
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moment correlations were conducted between the mean attentional bias scores from both
fixation and response time data and the psychometric questionnaire scores (Total scores;
CUDIT-R, PSS, BIS-11 and DAST) from the cannabis users only.

3. Results and Discussion

3.1. Demographic analysis

Demographic variables of interest are presented in Table 1. Significant group differences are
shown in bold text. In summary, cannabis users were younger and had more years of
education, consistent with national (US) level survey estimates of age and education
associated with past month use of cannabis or crack cocaine (Center for Behavioral Health
Statistics and Quality, 2017). Cocaine users were predominantly African-American,
consistent with national survey estimates of crack cocaine use in the US (Center for
Behavioral Health Statistics and Quality, 2017). Cannabis users also had higher CUDIT-R
scores, consistent with their group assignment and endorsement of criteria for DSM-IV
cannabis abuse and dependence. Cocaine users had higher DAST scores, indicative of
greater psychosocial problems associated with their drug use. Within each group, age, years
of education, and DAST were not statistically correlated with cannabis-cue attentional bias
as measured by both fixation time and response time, or with any signal detection metric
after false discovery rate correction for multiple comparisons (all ps > 0.05; Benjamini and
Hochberg, 1995); suggesting that these demographic variables did not influence visual probe
task results.

3.2. Visual probe task

3.2.1. Attentional bias.—The left panel of Figure 2 shows the fixation time results from
the visual probe task. A main effect of group was detected, with greater fixation times in
cannabis users compared to cocaine users (£ 3p = 10.58, p= 0.003). A main effect of cue
type was also observed, with greater fixation times for cannabis images compared to neutral
images (£ 32 = 8.27, p=0.007). Post-hoc comparisons within each group revealed
increased fixation time for cannabis images compared to neutral images in cannabis users
only (46 =3.11, p=0.007, d=0.75).

The right panel of Figure 2 shows the response times to “go” targets following the
presentation of cannabis and neutral images on the visual probe task. A significant
interaction between cue type and group was found (£ 3 = 4.41, p= 0.04). Post-hoc
comparisons revealed that cannabis users, but not cocaine users, responded more quickly to
“go” targets following cannabis images than to “go” targets following neutral images (# =
2.44, p=0.03, d=0.59).

Fixation and response time results on the visual probe task demonstrated a cannabis-cue
attentional bias in cannabis users. These results are consistent with previous studies using
cannabis versions of the Stroop and visual probe tasks, as reviewed above. This study
extended prior research by showing that attentional bias to cannabis cues was not present in
cocaine-dependent subjects with limited cannabis use histories. Prior research has
demonstrated that cocaine users display attentional bias to cocaine cues as assessed with
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visual probe tasks and eye-tracking technology (Marks et al., 2014), suggesting that the
group differences are due to the presentation of drug-specific cues. These results are also in
agreement with a previous study that reported an attentional bias to cannabis, but not
alcohol, words on a Stroop task in young cannabis users (Cousijn et el., 2015), and
contribute to a growing body of literature including attentional bias research with other
drugs demonstrating the selectivity of attentional bias to cues associated with the abused
drug (e.g., Marks et al., 2015; but see Carpenter et al., 2006).

3.2.2. Signal detection.—Figure 3 shows d’ (left panel) and criterion c (right panel)
values. Cannabis users displayed greater d” values (£ 3 = 21.69, p = 0.001) and lower mean
criterion ¢ values (£ 32 = 22.54, p=0.001) compared to cocaine users (i.e., main effects of
group). There were no significant main effects or interactions of cue type for these signal
detection metrics. The lower d’ values and greater criterion ¢ values in the cocaine group
appear to be due to more omission errors (i.e., misses) to “go” targets following both
cannabis and neutral images (means [SDs] = 0.33 [0.22] and 0.35 [0.24], respectively)
relative to the cannabis group (means [SDs] = 0.09 [0.08] and 0.09 [0.11], respectively). In
contrast, commission errors (i.e., false alarms) to “no-go” targets following cannabis and
neutral images were comparable in the cannabis (means [SDs] = 0.03 [0.01] to both cue
types) and cocaine (means [SDs] = 0.03 [0.01] to both cue types) groups. Hits to “go”
targets following cannabis and neutral cues were comparable within both the cannabis group
(means [SDs] = 0.91 [0.08] and 0.91 [0.11], respectively) and cocaine group (means [SDs] =
0.67 [0.22] and 0.65 [0.24], respectively). The rates of correct rejections to “no-go “targets
following cannabis and neutral cues were the same between the groups (both group means
[SDs] = 0.97 [0.01], for both cue types).

Compared to cannabis users, cocaine users were worse at discriminating visual probe targets
and were biased towards not responding to the visual probe target regardless of image type.
These results are in line with prior studies, which showed that cannabis users performed at
least as well as controls on a visual probe task that included a signal detection component
(Vujanovic et al., 2016), whereas stimulant (cocaine and/or amphetamine) users displayed
poor attentional control using similar metrics compared to controls (e.g., Lane et al., 2007;
Levine et al., 2006). Together, these data suggest that the cannabis-cue attentional bias in
cannabis users is not due to deficits in attentional processing.

3.2.3. Association between attentional bias and psychometrics.—No
significant correlations between fixation time or response time on the visual probe task and
scores on the CUDIT-R, PSS, BIS-11, or DAST were detected within the cannabis-using and
cocaine-using groups (Table 2). The sample sizes of cannabis users and cocaine users in the
present study might have contributed to the lack of statistical significance in these
correlations.

Although non-significant, there were modest correlations between fixation time and scores
on the CUDIT-R (r=0.37) and DAST (r= 0.40) in the cannabis-using group, suggesting that
eye-tracking measures of cannabis-cue attentional bias in cannabis users might be related to
cannabis use history and the psychosocial problems that arise from cannabis use. The only
other study that used eye-tracking to measure cannabis-cue attentional bias did not report a
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correlation between cannabis dependence criteria (i.e., C-SDS scores) and fixation time in a
group of cannabis users reporting at least weekly use however (N = 23; Field et al., 2006).
Two prior studies using a cannabis-Stroop task independently demonstrated that attentional
bias was greater in cannabis users who met dependence criteria via either the C-SDS or the
MINI, compared to non-dependent cannabis users and controls (Field, 2005; Cousijn et al.,
2013). Further, Cousijn and colleagues (2013) reported that greater problem severity (i.e.,
CUDIT-R) was moderately and positively correlated with attentional bias across both
dependent and non-dependent cannabis users (r=0.44, p=0.02). One possible explanation
for these discrepancies is that there is a limit to the attentional bias that develops with drug
use, and this ceiling makes it difficult to detect correlations between attentional bias and
problematic cannabis use outcomes (Field and Cox, 2008).

The response time measure of cannabis cue attentional bias was moderately, but non-
significantly, associated with BIS-11 (r=—-0.33) and DAST (r= 0.47) scores in the
cannabis-using group. This association between greater trait impulsivity and response bias
was also observed in cocaine users (r= —0.42). One interpretation of these findings is that
impulsivity and drug-related psychosocial problems are associated with faster motor
responding following presentation of salient cues in general (see Field and Cox, 2008),
though further work is needed to explore this possibility.

That PSS scores were not related to either index of attentional bias in cannabis users is
consistent with a prior study (Vujanovic et al., 2016). Perceived stress was moderately, but
non-significantly, correlated the response time measure of bias in the cocaine group. A prior
study did not find a significant correlation between PSS scores and an anti-saccade measure
of cocaine-cue attentional bias in cocaine-dependent adults (Dias et al., 2015). Given that
PSS scores were not associated with the fixation time cannabis-cue attentional bias in
cocaine users but BIS-11 scores were associated with response time bias, this finding might
represent general pre-potent motor responding to drug cues.

3.3. Valence-rating task

Figure 4 shows the results from the valence-rating task. Cannabis users provided greater
ratings of pleasantness for both cue types compared to cocaine users (main effect of group;
F132=7.34, p=0.01) and across both groups, cannabis images were rated as more pleasant
than neutral images (main effect of cue type; Fy 3o = 23.45, p= 0.001). Paired-samples t-
tests comparing cannabis to neutral images within each group revealed that cannabis users
rated cannabis images as more pleasant than neutral images (#g = 7.66, p=0.001, d= 1.86),
whereas cocaine users did not rate cannabis images differently than neutral images (4 =
1.64, p=0.12). Greater ratings of pleasantness of cannabis images in the cannabis group is
consistent with prior results in cannabis users (e.g., Field et al., 2006, Metrik et al., 2015) as
well as the positive drug-cue rating bias that has been demonstrated in users of other drugs
(e.g., Mogg et al., 2003; Bradley et al., 2004; Field et al., 2004b). These data also suggest
that the “attractiveness” of drug cues is specific to the substance-using population.
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4. Conclusions

This study replicated the cannabis-cue attentional bias that has been demonstrated
previously in individuals with problematic cannabis use patterns and extended that research
by showing the selectivity of this attentional bias through the inclusion of a cocaine-using
control group. This study also demonstrated that, despite the presence of cannabis-cue
attentional bias, cannabis users were more capable of discriminating between visual probe
targets, and either emitting or inhibiting a response, as appropriate, compared to cocaine
users. These findings did not support the prediction that there would be poorer signal
detection performance following neutral cues in cannabis users due to disproportionate
sustained attention to cannabis cues. However, these findings are consistent with a prior
study that failed to find impairments in signal detection in cannabis users compared to
controls (Vujanovic et al., 2016). Together, these results indicate that attentional bias is
dissociable from attentional processing deficits.

Nonetheless, impairment in other aspects of attentional processing not captured by these
visual probe tasks might underlie cannabis-cue attentional bias, and/or promote cannabis use
decisions following disproportionate attention to cannabis cues. Further, visual probe tasks
that present neutral and drug stimuli simultaneously such as the one used here do not permit
a determination of whether drug cues directly impact attentional processing or if an
attentional bias is due to pre-existing attentional processing deficits. Other procedures (e.g.,
spatial-cueing or saccade tasks) are better suited for elucidating potential interactions
between attentional bias and attentional processing. Given the importance of attention in
goal-directed behavior and the consistent association between attentional bias to drug cues
and problematic drug use, future research on the cognitive mechanisms and clinical
significance of drug-cue attentional bias is needed.
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Fixation Fixation

No-go
Target

Go
Target

Figure 1.
Trial sequences of the Visual-Probe Task. “Go” trials are presented on the left and “no-go”

trials are presented on the right. SOA = stimulus-onset asynchrony. An inter-trial interval of
750 ms was used (not shown).
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Figure 2.
Mean Fixation Time (Y-axis; left panel) and Response Time (Y-axis; right panel) in ms on

cannabis images (filled bars) and neutral images (open bars) in cannabis users (X-axis; left
side) and cocaine users (X-axis; right side). Bars show means of 17 Cannabis Users and 17
Cocaine Users. Uni-directional brackets indicate 1 SEM. The pound-sign indicates
significantly greater fixation time to both cue types in cannabis users compared to cocaine
users (main effect of group). The asterisks indicate a significant attentional bias to cannabis
cues in cannabis users reflected by increased fixation time and decreased response time, as
determined from post-hoc tests.
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T

Cannabis Users

Cocaine Users

Mean d’ (Y-axis; left panel) and criterion c (Y-axis; right panel) values associated with “go”
and “no-go” visual probe targets following cannabis images (filled bars) and neutral images
(open bars) in cannabis users (X-axis; left side) and cocaine users (X-axis; right side). Bars
show means of 17 Cannabis Users and 17 Cocaine Users. Uni-directional brackets indicate 1
SEM. Pound-signs indicate significantly worse attentional control in cocaine users compared
to cannabis users, regardless of cue type (main effect of group).
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Mean ratings of pleasantness of cannabis images (filled bars) and neutral images (open bars)

on the valence-rating task in cannabis users (X-axis; left side) and cocaine users (X-axis;
right side). Bars show means of 17 Cannabis Users and 17 Cocaine Users. Uni-directional
brackets indicate 1 SEM. The pound-sign indicates significantly greater pleasantness ratings
to both cue types in cannabis users compared to cocaine users (main effect of group). The
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asterisk indicates significantly higher ratings of pleasantness of cannabis images compared
to neutral images in cannabis users, as determined from post-hoc tests.
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Subject demographic characteristics: means, standard deviations (SD), t-values from independent samples t-

tests, and chi-square values from chi-squared tests. Bolded text indicates a statistically significant group

difference.
Group
Demographic variable Cannabis Users  Cocaine Users xz-lt-value
Group size (n): 17 17 -
Sex (n male/female): 11/6 11/6 0.00
Mean age (+SD): 24.65 (5.43) 43.60 (8.65) 7.65
Mean years of education (+SD): 13.94 (1.60) 12.15 (1.58) 3.29
Race/Ethnicity (n AA/C/MO): 3/12/2 13/4/0 12.25
Mean cigarettes/day (+SD): 4.15 (7.06) 7.09 (5.31) 1.37
Mean alcoholic drinks/week (+SD): 4.28 (4.14) 10.62 (14.71) 1.17
Mean days used past month (£SD):
Cannabis:  27.94 (2.41) 0.88 (1.17) 41.67
Cocaine: 0.06 (0.24) 16.24 (8.49) 7.85
Mean years of use (+SD):
Cannabis: 7.87 (5.26) - -
Cocaine: - 19.32 (11.67) -
Mean CUDIT-R score (+SD): 14.94 (5.53) 1.94 (2.90) 8.58
Mean PSS score (+SD): 12.06 (6.04) 10.47 (7.26) 0.69
Mean BIS-11 score (+SD): 60.77 (10.81) 62.88 (14.80) 0.48
Mean DAST score (+SD): 4.35 (1.97) 9.29 (5.21) 3.66

Note. AA = African-American; C = Caucasian; MO = Mixed/Other; PSS = Perceived Stress Scale; BIS-11 = Barratt Impulsiveness Scale-11;

CUDIT-R = Cannabis-Use Disorders Identification Test-Revised; DAST = Drug Abuse Screening Test.
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Pearson’s correlations between attentional bias scores from the visual-probe task and psychometric

guestionnaires within each group.

Fixation time  Response time
Bias Scores Bias Scores
Cannabis users r p r p
CUDIT-R 037 015 -0.13 0.62
PSS 011 069 -028 027
BIS-11 007 080 -033 0.20
DAST 040 011 0.47 0.06
Cocaine Users
CUDIT-R -0.25 033 -0.15 0.58
PSS 010 070 -042 0.09
BIS-11 018 050 -042 0.10
DAST -0.21 042 -033 0.19

Table 2.
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Note: CUDIT-R = Cannabis-Use Disorders Identification Test-Revised; PSS = Perceived Stress Scale; BIS-11 = Barratt Impulsiveness Scale-11
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