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Abstract

Background and Objectives—Stimuli that are repeatedly paired with substance use, such as
drug paraphernalia, can themselves elicit drug craving. The aim of this study was to examine
whether particular cue types elicit greater craving responses than others among individuals with
opioid dependence.

Methods—~Participants seeking inpatient treatment for opioid dependence were recruited for a
study of cue-induced craving. This sample (N=50), included 25 primary heroin users, 20 primary
prescription opioid users, and 5 users of heroin and prescription opioids equally. Participants
completed a cue reactivity task, in which images of drug-related stimuli were presented on a
computer screen, each followed by a question assessing state drug craving.

Results—Overall, participants reported higher craving following paraphernalia stimuli relative to
drug stimuli. However, this was moderated by opioid type; there was significantly higher craving
in response to images of paraphernalia cues in the heroin group, and higher craving in response to
drug cues in the prescription opioid group.

Discussion and Conclusions—These findings highlight potential differences in cue reactivity
to opioid paraphernalia and drug cues, which appears to be moderated by drug type.

Scientific Significance—Cue-induced craving is an important factor in relapse. This study
adds further to the literature on cue-induced craving in opioid dependence, suggesting that craving
may vary based on both cue type and opioid type. Future studies designed to discriminate the
impact of substance of abuse, route of administration, and cue type will help to further understand
cue-induced craving in this population.
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Introduction

Stimuli that are repeatedly paired with drug use often acquire rewarding properties and
become conditioned cues that independently elicit craving for the drug.l: 2 Among those
with substance use disorders, drug use often occurs after exposure to these conditioned
cues,3 and individuals with greater cue-induced craving are at a higher risk for relapse
following treatment. 5 Environmental contexts (e.g., the settings in which drugs are used)
appear to elicit less craving relative to more proximal cues, such as drugs and
paraphernalia.® This difference between proximal and distal cues likely is mediated by the
strength of associative learning, which may vary based on the frequency and proximity of
the pairing of the cue and drug use. However, few studies have attempted to measure and
distinguish craving among different cue types. Examining differences in craving to different
types of cues may both enhance our understanding of associative learning in substance use
disorders, and inform treatments that aim to reduce the impact of cue-induced craving on
substance use and relapse.

Images of drugs and paraphernalia (e.g., needles, lighters) elicit reliable craving responses in
those diagnosed with substance use disorders, such as cocaine-dependent individuals,’
cigarette smokers,8 heroin-dependent individuals,® alcohol-dependent patients,1? and
marijuana users.1! Similarly, tactile handling of drug-related paraphernalia is associated with
craving when compared to handling neutral objects. /- 12-14 Importantly, however, we are not
aware of any previously published papers that directly compare subjective craving elicited
by drug cues relative to paraphernalia cues.

Differences in cue-induced craving may be observed both within a particular drug category
(e.g., needles vs. heroin powder in heroin users) and also across drug types. Opioid
analgesics and heroin may differ with respect to the strength of associative learning between
cues and use. Because stimuli associated with prescription drug use (e.g., pills, pill bottles)
are commonly encountered outside of a drug-using context, the strength of learning between
these cues and drug use may be weaker than associations formed between more distinctly
linked stimuli (e.g., needles and heroin). In a prior study, our group examined differences in
cue-induced craving to drug images relative to neutral images among inpatients with opioid
dependence, who were either primary heroin or prescription opioid users.1® In this study, we
found that both groups reported strong and significant craving in response to drug stimuli
relative to neutral stimuli, and that this association was larger among those dependent upon
heroin.

The current study builds upon our prior study to investigate whether images of opioids and
opioid paraphernalia produce differential subjective craving responses in prescription
opioid- and heroin-dependent individuals. We examined craving responses to images of
opioids and opioid paraphernalia in a treatment-seeking sample of individuals dependent
upon heroin, prescription opioids, or both.
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2. Methods

2.1 Participants

We recruited a sample of 52 adults (11 women) receiving treatment for opioid dependence
from the inpatient substance use disorder treatment unit of a private psychiatric hospital for a
study of cue-induced craving. Opioid dependence diagnosis was based on the criteria
delineated in the Diagnostic and Statistical Manual of Mental Disorders, 4th Edition.®
Patients who did not exhibit significant withdrawal symptoms or other acute symptoms (e.g.,
severe psychotic symptoms) that would preclude engaging in study tasks were eligible to
participate. These criteria were determined based on review of the medical chart,
consultation with clinical staff on patients' ability to complete study procedures, and
completion of a measure of withdrawal symptoms. Two participants were excluded from the
data analysis due to failure to complete study procedures or to adhere to task instructions.
Thus, a sample of 50 participants (10 women) was used for this analysis.

Participants reported a mean age of 26.8 years (SD = 8.3). The sample was predominantly
Caucasian (86%) and non-Hispanic (82%), although some participants declined to report
race (1= 2) or ethnicity (7= 7). Most participants reported some college education or more
(66%); 24% reported high school education or equivalent (24%) and 10% less than a high
school education. When asked about primary drug of abuse, 50% (7= 25) of participants
reported heroin, 40% reported prescription opioids (/7= 20), and 10% (n7=5) reported using
both equally.

All participants required medical detoxification from opioids. The mean days of prescription
opioid use in the 30 days prior to admission in the prescription opioid users was 29.30 (SD =
9.71), and the mean days of heroin use in the heroin group was 26.28 (SD = 7.28). The
mixed opioid group reported an average of 22.00 (SD = 9.19) days of heroin use and 16.20
(SD=11.17) days of prescription opioid use. The most common route of administration of
prescription opioids among the prescription opioid users was intranasal (90%). Intranasal
and injection use were the most common routes of heroin administration (84%) in the heroin
group. Oxycodone was the most frequently reported primary prescription opioid of abuse
(85% in the prescription opioid group).

2.2. Procedures

After providing informed consent, a member of the study staff administered the Clinical
Opioid Withdrawal Scale 17 to confirm that the participant was below the clinical threshold
(<4) for minor withdrawal before initiating study procedures. Participants then completed a
brief battery of self-report measures and a cue-induced craving task. Participants were
provided with a $20 gift card to a local vendor for their participation. All study procedures
were approved by the local institutional review board.

Cue reactivity was assessed using self-reported craving rated during a computer-based
presentation of pictorial stimuli. Each participant was presented with 90 distinct images,
which consisted of 40 heroin-related (e.g., needles, powder), 40 prescription opioid-related
(e.g., crushed pills, pill bottles), and 10 neutral (e.g., pencils, sugar packets) photographs.
All images were developed for the purpose of the parent study, and were taken with the same
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background (a wooden table). Only heroin- and prescription opioid-related images were
used for this study. These stimuli included images of a variety of materials designed to best
approximate pertinent opioid cues. These images included variations of various colors of
powder, presented in both a small pile or in lines; various shapes, colors and sizes of pills,
including crushed pills; prescription pill bottles; small bags of powder; needles and other
injection stimuli (e.g., spoons, cotton); and rolled papers for intranasal administration. Some
images included a hand (e.g., pills in a hand) or arm (held out next to a needle). For this
paper, any stimuli that included a combination of paraphernalia and drug (e.g., powder and a
needle) were excluded to allow the examination of paraphernalia vs. drug exclusively. These
images were presented in a randomized order for each participant, using EPrime Version 2.0.

After the presentation of each cue, participants rated their craving using a 3-item rating scale
of state drug craving adapted from a validated craving measure.5: 18 For the purpose of this
analysis, the first item (“How much do you have an urge or craving for opioids right now?”)
was used as a measure of state opioid craving. The possible scores for this item ranged from
0-10.

2.3. Data Analysis

For the cue-induced craving task, missing values (1.6% of all responses), invalid responses
(0.2%), and response times of less than 250ms (0.2%) were excluded from analysis. Self-
reported opioid craving following each stimulus presentation was averaged for images
categorized as "drug"” vs. "paraphernalia” stimuli. This categorization was done by study
investigators. Given both potential overlap between stimuli that may be salient for
prescription opioid vs. heroin users (e.g., powder), as well as potential distinctions (e.g.,
crushed pills), we selected stimuli that optimized the mean reported cue salience for each
group. Specifically, mean salience scores were calculated separately for the heroin and
prescription opioid users; the most salient cues (with a minimum of a moderate level of
craving) were used for this analysis. This consisted of the 24 most salient images,
counterbalanced across both group (prescription opioid vs. heroin) and stimulus type
(paraphernalia vs. drug). The heroin images rated as most salient included images of a small
pile of fine brown powder, an image of a small pile of white powder with two "lines", and
images of injection stimuli. The prescription opioid images rated as most salient included:
images of lines of white powder, white powder in combination with small white pills, small
round white pills in a hand, and images of a prescription bottles in a hand and on a table.
Cue salience was assessed using a single item "How much did the picture remind you of
times that you have used opioids?". This was done to ensure that the images selected were
salient for each group.

Repeated-measures ANOVA was then used to examine within-subjects differences between
craving to drug vs. paraphernalia stimuli, controlling for primary opioid of abuse. All 50
participants who completed the study were included in this analysis, with the dependent
variable of craving for the primary drug of abuse. This analysis was adequately powered (.
80) to detect a medium effect size (f=.20) for the within-subjects comparison.
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3. Results

The heroin and prescription opioid groups did not differ with respect to any
sociodemographic variables collected (age, gender, education, race, or ethnicity). Collapsing
across all groups (primary heroin users, primary prescription opioid users, and equal users of
both), there was a significant within-subjects difference between paraphernalia and drug
stimuli, characterized by greater craving for drug cues (A1,46] = 5.45, p=.02). There was
also an interaction between primary opioid and craving (F2,46] = 21.80, p < .001).

These results suggested that the difference in craving between paraphernalia and drug
stimuli varied based on the primary opioid of abuse. Post-hoc paired-samples #tests
indicated that in the heroin group, craving for paraphernalia was significantly higher than for
drug images (mean difference = -1.31, 24] = -4.50, p=.001). In contrast, in the
prescription opioid group, craving for drug cues was significantly higher than craving for
paraphernalia (mean difference = 2.48, 18] = 5.63, p< .001). See Figure 1.

The majority (92%) of heroin users reported lifetime use of prescription opioids, with 42%
reporting some use in the past 30 days. Thus, this subgroup provides the opportunity to
examine whether the difference between the heroin and prescription opioid groups was
reflective of a difference between groups or between the stimuli. Among primary heroin
users who also reported a lifetime history of prescription opioid use (7=23), craving for
prescription opioid drug cues was higher than for paraphernalia cues (mean difference =
1.90, 22]=3.99, p=.001). Of note, because prescription opioid injection was rare in this
sample, the prescription drug paraphernalia cues that were rated as most salient did not
include injection stimuli. Thus, this effect may be attributable to differences in route of
administration.

4. Discussion

In a sample of participants receiving inpatient treatment for opioid dependence, differences
in cue-induced craving to paraphernalia cues relative to drug cues was moderated by the type
of opioid. Participants primarily using heroin reported significantly higher craving to heroin
paraphernalia stimuli relative to heroin drug stimuli. Among those who primarily used
prescription opioids, however, there was significantly higher craving for drug stimuli relative
to paraphernalia stimuli.

There are several potential reasons for this difference in cue-induced craving. First, the
majority of the heroin users were injection users (84%), whereas only a minority of
prescription opioid users reported injection use (10%). Accordingly, images of needles were
not rated as highly salient by the prescription opioid group. Thus, this difference in
perception of salience is likely based on predominant route of administration. Prescription
bottles and pills are often encountered in various generalizable contexts (e.g., doctors’
offices, homes, convenience stores with pharmacies), whereas needles and other stimuli
specifically involved in heroin preparation are less likely to be encountered outside of the
context of heroin use. Thus, image cues associated with injection use (e.g., needles) may be
more salient than those associated with general use (e.g., pill bottles) or with intranasal use
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(e.g., rolled up paper). Taken together, these opioid-related imagery data suggest that cues
that are more proximal to preparation and use elicit stronger craving. Nonetheless,
replication of this finding, particularly with inclusion of a broader array of paraphernalia
cues (e.g., paraphernalia for crushing pills), is needed to better understand differences in
drug cue-induced craving between heroin- and prescription analgesic-using populations.

These findings have implications for clinical practice because of the importance of
modifying behavioral responses to triggers. When considering relevant triggers for use,
commonly utilized paraphernalia should be assessed in heroin users, with efforts to either
limit access to these objects (e.g., by removing from one's home), and/or build skills to
tolerate the craving elicited during exposure to these objects. Moreover, continued advances
in understanding cue reactivity have shown promise for enhancing cue exposure techniques
as a treatment strategy for those with substance use disorders. 19 20 Continued
understanding of the associative learning process in this population may be used to inform
and enhance exposure-based approaches to reducing cue-induced craving.

There are several limitations to the current study. First, because there were no available
previously validated stimuli in the literature for measuring response to prescription opioid
use, we created our own stimulus set. Although these stimuli have demonstrated high levels
of salience and craving relative to matched neutral cues,1® pertinent cues (e.g., certain types
of paraphernalia) and ideographic cues (e.g., differences among prescription opioid pills
based on manufacturer) may have been missed. Replication of these findings and
establishment of the range of relevant cues in this population is needed. Second, the study
sample was comprised of inpatients; we cannot assume that these findings will generalize to
less severe or acute patient populations. There was some prescription opioid use in the
heroin group, and vice versa, suggesting that there were few exclusive users of either opioid
type. However, given that exclusive use of either opioid type is increasingly uncommon,
prior studies of prescription opioid dependent populations have similarly allowed for some
heroin use in this group.2! Moreover, we selected stimuli for this study based on those rated
as most salient by each group to maximize craving response. Finally, because this was a
secondary data analysis, the study stimuli were not specifically designed to test differences
between paraphernalia and drug cues. However, stimuli were counterbalanced to include an
equivalent number of stimuli with drug vs. paraphernalia images, somewhat mitigating this
concern.

This study found that paraphernalia cues elicited greater craving that drug cues among
heroin users, and that drug cues elicited greater craving among prescription opioid users in
an opioid-dependent sample. Future studies aimed to better understand this difference will
aid in both the understanding of associative learning in opioid dependence and in the
enhancement of treatments to improve resilience to triggering cues in this population. In
particular, future studies that aim to dissociate the differences related to route of
administration vs. drug type will be important to understanding differences in craving in this
population.
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Figure 1.
Craving in Response to Drug vs. Paraphernalia Stimuli in Primary Prescription Opioid vs.

Primary Heroin Users

Note. Craving ratings reflect craving for stimuli rated as moderately salient or higher on
average by participants in the heroin and prescription opioid group separately. *p < .01, **p
<.001.
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