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Abstract

Background—The United States is currently enduring an opioid crisis. ldentifying cost-
effective, easy-to-implement behavioral measures that predict treatment outcomes in opioid
misusers is a crucial scientific, therapeutic, and epidemiological goal.

Methods—The current study used a mixed cross-sectional and longitudinal design to test
whether a behavioral choice task, previously validated in stimulant users, was associated with
increased opioid misuse severity at baseline, and whether it predicted change in opioid misuse
severity at follow-up. At baseline, data from 100 prescription opioid-treated chronic pain patients
were analyzed; at follow-up, data were analyzed in 34 of these participants who were non-
misusers at baseline. During the choice task, participants chose under probabilistic contingencies
whether to view opioid-related images in comparison with affectively pleasant, unpleasant, and
neutral images. Following previous procedures, we also assessed insight into choice behavior,
operationalized as whether (yes/no) participants correctly self-reported the image category they
chose most often.

Results—At baseline, higher choice for viewing opioid images in direct comparison with
pleasant images was associated with opioid misuse and impaired insight into choice behavior; the
combination of these produced especially elevated opioid-related choice behavior. In longitudinal
analyses of individuals who were initially non-misusers, higher baseline opioid versus pleasant
choice behavior predicted more opioid misuse behaviors at follow-up.

Conclusions—These results indicate that greater relative allocation of behavior toward opioid
stimuli and away from stimuli depicting natural reinforcement is associated with concurrent opioid
misuse and portends vulnerability toward future misuse. The choice task may provide important
medical information to guide opioid-prescribing practices.
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INTRODUCTION

The current opioid crisis claims the lives of 115 Americans each day, making it the leading
cause of accidental death in the United States (Hedegaard et al., 2017). In 20186, this
epidemic produced an estimated 2.1 million diagnoses of opioid use disorder (Rudd et al.,
2016). The prescription of opioid analgesic medications for chronic pain management has
contributed to the opioid crisis. Indeed, recent estimates suggest that approximately 21% to
29% of chronic pain patients receiving long-term opioid analgesic pharmacotherapy develop
substance misuse, and approximately 8% to 12% develop substance use disorder (SUD)
(Vowles et al., 2015). Identifying and validating cost-effective, easy-to-implement
behavioral models that characterize vulnerability and predict outcomes in opioid misusers is
a crucial scientific, therapeutic, and epidemiological goal.

Prominent theories of opioid misuse specifically, and SUD in general, emphasize that in
susceptible individuals addictive drugs come to assume heightened motivational significance
at the expense of natural reinforcement (Zilverstand et al., 2018, Garland et al., 2013a). One
ecologically valid paradigm to measure shifts in the value of these reinforcers is the drug-
choice procedure (Banks et al., 2015). During drug-choice procedures, an individual selects
between receiving a drug reinforcer and a non-drug reinforcer (e.g., money or chocolate)
(Lawn et al., 2015, Donny et al., 2004, Hogarth and Chase, 2011), with choice for the drugs
over the alternative marking greater SUD severity (Hogarth and Chase, 2011, Lenoir et al.,
2013). To adapt this standard drug-choice procedure for use in abstinent or treatment-
seeking individuals (who usually cannot self-administer actual drugs in the laboratory)
(Moeller and Stoops, 2015), we created simulated drug-choice tasks in which choices
between tangible reinforcers (e.g., drugs versus money) are replaced by choices between
abstract reinforcers (i.e., drug images versus affectively pleasant images). In our prior work,
chronic cocaine users chose to view more drug-related images, and fewer pleasant images,
than healthy controls (Moeller et al., 2009). In turn, heightened choice for drug images over
pleasant images correlated with greater recent and prospective drug use outside the
laboratory (Moeller et al., 2013a, Moeller et al., 2010). Related choice tasks recently have
been used in smokers and heavy users of alcohol (Hardy and Hogarth, 2017, Hogarth and
Hardy, 2018, Hogarth et al., 2017), but to our knowledge have not been used in a
prescription opioid-using population.

The current study used a combined cross-sectional, longitudinal approach to validate the
simulated (picture-viewing) drug-choice paradigm in chronic pain patients who use
prescription opioids. In the cross-sectional study component, 100 patients studied at baseline
completed a probabilistic learning choice task that compared their selections for pleasant,
unpleasant, neutral, and opioid pill images under uncertain task contingencies. Our cross-
sectional study goal was to examine whether opioid-choice selections would be elevated in
participants presenting with a more severe clinical phenotype. For this purpose, we
examined the following variables as correlates of choice behavior: first, opioid misuser
status, indexed by the Current Opioid Misuse Measure (COMM) (Butler et al., 2007); and
second, our well-established measure of drug-choice “insight” (Moeller et al., 2010, Moeller
et al., 2014, Moeller et al., 2012), where an underestimation of drug selections has been
associated with a worse SUD phenotype (more money spent on drugs per use) (Moeller et
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al., 2010). Although we expected that pleasant images would be chosen most frequently
overall (Moeller et al., 2009, Moeller et al., 2018), in line with our own work described
above and other work showing an attentional bias for rewarding stimuli in SUD (Anderson
et al., 2013), we expected that pleasant and opioid choices would be modulated by severity.
More specifically, we hypothesized that lower pleasant selections and higher opioid
selections would correlate with opioid misuse status (Hypothesis 1A) and impaired insight
into choice behavior (Hypothesis 1B); analyses considered the independent and
multiplicative contributions of these variables. In the longitudinal arm of the study, a subset
of 34 participants with initially no opioid misuse was prospectively followed and assessed
for onset of misuse behaviors. We hypothesized that baseline choice for opioid images in
preference to pleasant images would predict an increase in opioid misuse over time
(Hypothesis 2), validating the choice task as a marker of premorbid vulnerability. Indeed,
there is an urgent need for new measures predicting misuse outcomes in vulnerable opioid-
prescribed populations, given that existing risk questionnaires have often fared poorly in this
regard (Kaye et al., 2017).

METHODS

Participants

At baseline, 100 prescription opioid users participated. Participants were recruited from
primary care and pain clinics in Salt Lake City, UT through electronic health record review,
opt out letters, flyers, and radio advertisements. Advertisements recruited individuals who
suffered from, and were prescribed opioid medications for, chronic pain to participate in a
study investigating ways to better address problems with chronic pain and prescription pain
medication. Participants were mostly female, white, and primarily experienced lower back
pain (but also included patients with head/cervical pain, joint pain, fibromyalgia, and other
ailments) (Table 1). Following psychiatric screening, eligible and consenting participants
completed several validated task and self-report measures, and provided demographic and
clinical information. Participants were paid $25 for completing the study protocol. The
Institutional Review Board at the University of Utah reviewed and approved the study. The
authors assert that all procedures contributing to this work comply with the ethical standards
of the relevant national and institutional committees on human experimentation and with the
Helsinki Declaration of 1975, as revised in 2008.

Of these 100 baseline participants, 34 provided longitudinal follow-up data 8 weeks later on
opioid misuse. All 34 participants were selected for initially low levels of opioid misuse at
baseline to allow us to establish whether baseline choice predicts onset of opioid misuse
behaviors. The clinical outcomes of individuals with high opioid misuse scores, who were
also followed over time, will be reported separately as part of an ongoing clinical trial. The
34 participants included at follow-up were demographically similar to the larger sample.
They were 57 + 10.1 years old, and they were mostly female (62%), white (94%), and had
lower back pain (56%).
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Probabilistic Picture-Choice Task

The probabilistic picture-choice task has been previously used and validated in cocaine users
(Moeller et al., 2009, Moeller et al., 2010, Moeller et al., 2013b, Moeller et al., 2013a) and
methamphetamine users (Moeller et al., 2018), and here was adapted for the first time in
chronic pain patients who use opioids. Images in three categories were selected from the
International Affective Image System (IAPS) (Lang et al., 2008): pleasant (e.g., smiling
babies), unpleasant (e.g., mutilation), and neutral (e.g., household items) images. Another
image category depicted opioid pills and individuals taking opioid pills, collected from
freely available online repositories. The pill images were matched to the IAPS images on
size and ratio of human/non-human content, as we have done previously in the cocaine and
methamphetamine SUD studies.

On each trial, participants used a button press to choose to view images on flipped-over
cards, arranged in four decks. Immediately after selection from a particular deck, an image
was revealed, which then covered the entire screen for passive viewing (2000 ms) (Figure 1).
Participants were instructed that there were no correct or incorrect responses, and that they
should simply choose their preferred decks. The images were arranged probabilistically:
each deck contained 26 (of 30) images from a particular category (e.g., pleasant), allowing
images from other categories to be interspersed within each deck (two images from a
secondary category, e.g., opioid pills; and one image from each of the two remaining
categories). After selection from a particular deck eight times (corresponding to one task
run), deck location of the four image categories shifted to further reduce awareness of deck
identity, and the participant’s deck preference needed to be re-learned. For analysis, we
summed the number of cards selected per image category across four task runs. Because the
task included four runs, and because each run terminated when a participant chose a
particular deck eight times, the total number of possible trials per run was between 8 (8
choices of one deck and 0 choices of the other three decks) and 29 (8 choices of one deck
and 7 choices from each of the other three decks) (total range: 32-116 choices). In this
sample, the mean number of selections was 64.7 (SD=18.2), corresponding to 23.4 pleasant
choices (SD=6.7), 12.4 unpleasant choices (SD=7.4), 17.9 neutral choices (SD=7.6), and
11.0 opioid pill choices (SD=7.2).

We used the same probabilistic choice task to assess insight, using procedures validated in
cocaine users (Moeller et al., 2010, Moeller et al., 2012, Moeller et al., 2014). Immediately
at the conclusion of the choice task, participants pressed a button corresponding to one of the
four picture categories to indicate what they perceived was their most selected picture type.
We then compared participants’ self-report of choice behavior with their actual choice
behavior (i.e., participants’ most selected picture category versus what they perceived was
their most selected picture category). Participants who showed correspondence between
these subjective and objective measures (e.g., executing the highest number of presses for
pleasant images and responding ‘pleasant’ to the question above) were classified as having
intact insight (N=62), whereas participants lacking correspondence (e.g., executing the
highest number of presses for pleasant images and responding “pill’ to the question above)
were classified as having impaired insight (N=38) (Figure 2). In this way, the measure taps
into self-awareness of a key psychiatric symptom in this population (drug-seeking behavior),
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showing relevance to clinical insight. In prior work, lack of insight was not fully explained
by performance on classical neuropsychological tests, indicating that insight is a unique
domain (Moeller et al., 2010).

Measures of Opioid Severity

COMM—The COMM consists of 17 items, rated on a Likert-type scale (O=never, 4=very
often), asking how often in the past 30 days participants engaged in behaviors linked with
opioid misuse (e.g., took medication in ways other than how it was prescribed, etc.) (Butler
etal., 2007). At baseline, we used the COMM to group participants into opioid misusers
(COMM score =13) and non-misusers (COMM score <12), where receiver operator
characteristic curve analyses revealed that a score of 13 or higher on the COMM had
maximum sensitivity and specificity to identify prescription opioid use disorder among
chronic pain patients in primary care settings (Meltzer et al., 2011).

We then used COMM group membership (misuser, non-misuser) as a moderator in our
cross-sectional analyses, and as the method to stratify patients in our longitudinal analyses;
for the latter, note that this COMM cutoff is also being used to stratify patients in the parent
clinical trial from which these data were derived. Furthermore, the dichotomization of the
COMM is in keeping with its primary purpose as a screening measure, which provides a
straightforward clinical cutpoint for clinicians allowing them to determine whether their
patient may be engaged in aberrant drug-related behavior. By dichotomizing the COMM, we
also maintain consistency with the other studies in the literature, including its original
psychometric validation papers (Butler et al., 2007, Meltzer et al., 2011, Garland et al.,
2014, Garland et al., 2015a).

Addiction Behaviors Checklist—Because the COMM established baseline group
membership, we used a different measure, the Addictions Behavior Checklist (ABC) (Wu et
al., 2006), to assess misuse severity in the longitudinal analyses. The ABC combines patient
self-reports, clinician ratings, and chart review to assess aberrant medication-related
behaviors suggestive of misuse (range: 0-20; higher scores indicate more problems).

Pain Measures

Pain Severity—Pain severity was measured with the 4-item pain severity subscale from
the Brief Pain Inventory (BPI) a well-validated measure of acute and chronic pain (Cleeland,
1994). Participants reported their worst pain during the past week, least pain during the past
week, average pain, and current pain. Response options ranged from 0 (no pain) to 20 (pain
as bad as | can imagine).

Pain Interference—Pain-related functional interference was assessed with the pain
interference subscale of the BPI. Participants rated on a 0 (does not interfere) to 10
(completely interferes) scale the extent to which pain had interfered with each of seven
domains of normal functioning in the past week, including: general activity, mood, walking
ability, normal work, relations with other people, sleep and enjoyment of life.
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Statistical Analysis

RESULTS

Baseline Choice Behavior—We examined overall choice behavior and its potential
moderation by a more severe clinical phenotype. Data were analyzed using a 4 (Image:
pleasant, unpleasant, neutral, opioid) x 2 (Severity Status: misuser, non-misuser) x 2
(Insight: impaired, intact) mixed ANOVA, with Image as a within-person factor, and with
Severity Status and Insight as between-person factors. Significant interactions were followed
by posthoc comparisons to localize their source. To examine the three-way interaction
specifically, we created four study groups corresponding to the four cells associated with
Severity Status and Insight, and tested how these groups differed on choice behavior. Cell
sizes for the respective groups were: 17 impaired insight, non-misuser; 21 impaired insight,
misuser; 26 intact insight, non-misuser; and 36 intact insight, misuser. Furthermore, and in
line with our a priorihypotheses and our prior reports using this task (Moeller et al., 2009,
Moeller et al., 2010, Moeller et al., 2018, Moeller et al., 2012), we also created a targeted
contrast whereby pleasant selections were directly subtracted from opioid selections
(opioid>pleasant), and this opioid>pleasant contrast was also compared among the four
Severity x Insight study groups. Finally, we tested the robustness of the effects by covarying
for age, which differed between opioid misusers and non-misusers (Table 1), and by
covarying for BPI Severity and BPI Interference scores. A<0.05 was considered significant.

Longitudinal Prediction of Outcome—These analyses were conducted in the 34
individuals who were opioid non-misusers at baseline, based on the COMM cutoff for
misuse. We performed a multiple regression analysis in which opioid>pleasant selections
and baseline ABC opioid misuse were entered as simultaneous predictors of follow-up ABC
opioid misuse severity. Following a significant correlation with opioid>pleasant selections,
additional regressions were performed using the constituent opioid and (separately) pleasant
scores, to localize the source of the difference score effect. We also performed a secondary
regression in which Insight was added to model.

Baseline Task Behavior

The 4 (Image: pleasant, unpleasant, neutral, opioid) x 2 (Severity Status: misuser, non-
misuser) x 2 (Insight: impaired, intact) revealed a main effect of Image (/3 94=58.94,
p<0.001): pleasant selections exceeded neutral selections, which exceeded unpleasant
selections, which exceeded opioid pill selections (pairwise comparisons: all p<0.016).
Significant two-way interactions emerged between Image and Insight (/3 94=19.13,
<0.001), and between Image and Severity Status (/3 94=4.25, £=0.007). These two-way
interactions were further qualified by the significant three-way interaction between Image,
Severity Status, and Insight (/3 94=3.83, p=0.012). Posthoc comparisons showed that, as
anticipated, participants with high opioid misuse and impaired insight made more opioid
selections (pairwise comparisons: all p<0.002) and more opioid>pleasant selections
(pairwise comparisons: all p<0.018) than the other three Insight-Severity Status subgroups.
This pattern was not evident for pleasant, unpleasant, and neutral selections. More
specifically, among those with impaired insight, opioid misusers differed from non-misusers
in their selections for opioid pill images (and opioid>pleasant images), but not in their
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selections for any other image category. Figure 3 displays the Group-Insight cell means for
each image category. The three-way interaction was robust to correction for age (p=0.012),
and robust to correction for ratings of BPI Severity (p=0.008) and BPI Interference
(p=0.010); within these models, neither BPI Severity nor BPI Interference interacted with
Image (0>0.072).

Prediction of Clinical Outcome

Controlling for pre-treatment opioid misuse severity, higher baseline opioid>pleasant
selections predicted higher post-treatment opioid misuse at follow-up as hypothesized
(5=0.403, p=0.032, N=34) (Figure 4). Analyses of the constituent scores (pleasant selections
and opioid selections, respectively) showed that change in opioid misuse was predicted
neither by baseline opioid selections (8=0.091, p=0.61, A=34) nor by baseline pleasant
selections, although there was a trend for the latter in the expected direction (5=-0.357,
p=0.059, A=34). Thus, greater allocation of behavior toward opioid reinforcement and away
from natural reinforcement, but not either of these alone, predicted greater opioid misuse
over time. Adding insight to the model did not alter the predictive effect of opioid>pleasant
choice (5=0.413, p=0.037, A=34); insight was not a significant predictor on its own
(p=0.85). Adding BPI Severity or (separately) BPI Interference to the model similarly did
not alter the predictive effect of opioid>pleasant choice (£5>0.406, p<0.034, A=34); neither
BPI Severity nor BPI Interference were significant predictors on their own (£>0.37).

DISCUSSION

In this study, individuals with chronic pain prescribed long-term opioid analgesic
medications completed a simulated drug-choice task to measure their preference for viewing
images depicting opioid pills in comparison with their preference for viewing standardized
pleasant, unpleasant, and neutral valenced images. In the cross-sectional component of this
study, differences in opioid-related choice behavior were measured as a function of whether
participants were opioid misusers (or not), and whether participants were (or were not) self-
aware of the choices they made during the task (insight). In the longitudinal component of
this study, opioid-related choice behavior was used to measure longitudinal change in opioid
misuse from baseline.

Consistent with Hypothesis 1A and 1B, opioid misuse severity status and insight both
emerged as significant moderating variables in affecting choice behavior. Links between
drug misuse/disordered use and higher drug-related choice, especially when compared with
pleasant choice, are well-established. For example, in studies of smokers or alcohol users,
the choice for the respective drug over another natural reinforcer (chocolate) differentiated
occasional users from dependent users (Lawn et al., 2015), and was positively associated
with individual differences in SUD severity scores (Hogarth and Chase, 2011, Hogarth and
Hardy, 2018). In a study using an abstract/simulated choice task, the more that hazardous
alcohol users chose to enlarge alcohol- versus food images, the greater was their severity of
dependence (Hardy and Hogarth, 2017). A novel finding of our study was that the
contribution of opioid misuse severity to drug-choice behavior may be compounded by
problems with insight and self-awareness, where we found that impaired insight interacted
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with high severity to produce especially high opioid-related choice. This finding is in line
with prior work showing that insight and other self-monitoring abnormalities exacerbate
disease severity, both in SUD (Moeller and Goldstein, 2014, Goldstein et al., 2009, Castine
etal., 2018, Lindgren et al., 2017) and in other psychopathologies such as schizophrenia
(David et al., 2012, van der Meer et al., 2010, Keefe et al., 2006, Lysaker et al., 2018).
Lower insight has also been linked with poorer executive functioning and greater
externalizing behavior (Molz-Sidiropoulou et al., 2016, Dean et al., 2015, Pujol et al., 2014,
Blume et al., 2005, Le Berre et al., 2012). As in these other psychopathological conditions, it
has been theorized that prescription opioid misusers have poor insight into their behavior,
resulting from deficits in interoceptive and self-referential awareness. Prescription opioid
misusers often believe they take opioids for pain management, when in fact their behavior is
being driven by an appetitive impulse irrespective of the need for pain relief (Garland et al.,
2013a). Future studies should employ interoceptive and other self-awareness probes,
possibly in combination with neuroimaging, to assess whether the observed lack of insight
might be undergirded by deficient capacity for interoception and self-awareness.

Interestingly, despite the modulation of opioid choice by variables suggesting a more severe
opioid phenotype, the overall choice for opioid images was lower than for all other image
categories. In our prior studies of stimulant users (Moeller et al., 2009, Moeller et al., 2018),
drug-related images were comparably chosen to neutral images, but chosen more frequently
than unpleasant images. One clear difference between this opioid-using sample and our prior
stimulant-using samples is that here a large proportion of the sample (43.0%) took their
opioid medications as prescribed and had no SUD or misuse; in prior studies, all participants
met diagnostic criteria for stimulant use disorder. As the choice task is specifically designed
to pit the choice for opioids against the choice for natural reinforcers as a marker of SUD
severity, the comparatively low choice for viewing opioid images among this sample is not
unsurprising. A sizable proportion of the stimulant users in our prior studies were also
polysubstance users, and thus they may have been more impaired or more impulsive than the
pure opioid users in this study (Schmidt et al., 2017). Emerging research has also begun
revealing neurobehavioral differences between opioid and stimulant users more generally
(Badiani et al., 2011, Ahn and Vassileva, 2016). Finally, as this was a chronic pain
population, there may also have been ancillary behavioral effects. For example, seeing
opioid pills may have reminded participants of their pain (Evans and Cahill, 2016), causing
aversive reactions that reduced choice and overall motivation. Importantly, however, pain
ratings did not explain our findings, speaking against this possibility.

In the longitudinal study component, opioid-related choice behavior predicted change in
opioid misuse severity over time, consistent with Hypothesis 2. That is, among a sample of
prescription opioid users with initially low misuse severity, baseline choice for opioids
versus natural reinforcers predicted an escalation of opioid misuse behaviors. Importantly,
this effect was above and beyond the influence of baseline severity measured by the ABC
and baseline pain ratings measured by the BPI, indicating a vulnerability that was uniquely
tapped by the task. These results support the view that our task, which partially relies on
implicit processes related to drug-seeking, is providing complementary information that is
not captured by more explicit measures (Nosek et al., 2011, Lindgren et al., 2016,
Greenwald et al., 2009, Reich et al., 2010). Given that the current task is short and easy to
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administer, it is reasonable for future studies to validate the task longitudinally among
individuals with greater SUD severity than those studied here (i.e., those with severe opioid
use disorder). The task potentially could serve to predict future opioid abstinence, track
treatment-related shifts in behavioral preference linked with salutary clinical outcomes,
and/or identify individuals who might benefit from additional therapeutic resources in
treatment settings. In that regard, evidence indicates individuals at elevated risk for opioid
misuse are dispositionally anhedonic and prone to negative affectivity, neuroticism, and
psychopathology (Wasan et al., 2015, Kornor and Nordvik, 2007, Clark et al., 2017). Such
vulnerable patients may therefore come to misuse opioids as a means of self-medicating
negative affective states and compensating for hedonic deficits (Garland et al., 2013a).
Indeed, rates of opioid self-medication of negative affect are high among individuals with
opioid use disorder (Garland et al., 2015b). Opioid use in the context of negative affective
states may be negatively reinforcing and thereby come to increase the salience of opioid-
related cues, driving an opioid attentional bias that magnifies craving and increases the
likelihood of future opioid misuse (Garland et al., 2013b, Garland and Howard, 2014).

Of note, it was the opioid>pleasant difference score, but not its constituent scores (opioid or
pleasant selections alone), that predicted prospective clinical outcome. We reported a similar
finding in our prior longitudinal work in initially treatment-seeking cocaine users, where
cocaine>pleasant choice predicted the number of drug use days over the next six months
(Moeller et al., 2013a). More broadly, this finding supports a core tenet of SUD that drugs
assume heightened maotivational significance while natural reinforcers diminish in
importance (Zilverstand et al., 2018, Garland et al., 2013a). The pleasant alternative
putatively distinguishes between individuals who are true drug misusers from others who
would self-administer drugs for a lack of viable alternatives (e.g., due to boredom) (Ahmed,
2010). For clinical practice, the drug versus pleasant choice is important for medication
development, as the ideal therapeutic will decrease drug-related responding while
simultaneously increasing allocation of behavior to non-drug reinforcers (i.e., thereby
showing preserved behavioral motivation) (Moeller and Stoops, 2015). An efficacious
therapy for opioid misuse among chronic pain patients, Mindfulness-Oriented Recovery
Enhancement (MORE) (Garland et al., 2014), has been shown to shift relative physiological
responsiveness to natural reinforcement versus drug-related reinforcement (Garland et al.,
2017), with these shifts predicting decreases in subsequent opioid misuse behavior; it would
be interesting to test if opioid-related choice is sensitive to this therapy and decreases in
parallel with clinical improvement. Future studies might also examine in larger opioid-using
samples, and possibly even across multiple addictive substances, whether there is an
identifiable percent difference (or other relative difference metric) in choice (i.e., between
drug and pleasant) that could be established as a cut-point for use in the clinic to describe
problematic opioid behaviors. Indeed, the task appears sufficiently sensitive to detect
variance in clinical outcomes, even as there was a small difference in opioid versus pleasant
image selections in the sample.

Limitations of the current study include the following. First, we studied a heterogeneous
sample of prescription opioid users. Although a heterogeneous sample was recruited by
design to validate the task across a range of opioid use severities, current results likely may
not generalize to a clinical sample of individuals with opioid use disorder, whom we
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anticipate would show higher levels of opioid-related choice than seen here. Current results
also may not generalize to users of illicit opioids, such as heroin. Future studies should aim
to validate the task in such samples, using appropriate substance-specific images. Second, it
is possible that social desirability or other demand characteristics may have impacted our
results, lowering the choice for viewing opioid images. However, the study was protected by
a federal certificate of confidentiality, and experimenters emphasized that there were no right
or wrong answers on the task and that participants’ responses would not affect their pain
treatment or study payment. Finally, the increased opioid selections were specific to
participants with impaired insight, who misremembered how often they chose drug images.
This would argue against a conscientious-participant account of our findings. Third, for the
longitudinal study component, given that we studied individuals who were opioid non-
misusers at baseline, we are unable to generalize choice prediction to individuals with
initially high levels of misuse or SUD. Insofar as we previously reported choice prediction
of clinical outcome in individuals with cocaine use disorder (Moeller et al., 2013a), we
would expect to find parallel results in individuals with opioid use disorder. Fourth, our
method of assessing insight does not capture all aspects of the construct as classically
defined in psychiatry (David et al., 2012, Amador et al., 1993). Incorporating additional
metrics, such as metacognition (Moeller et al., 2016) or readiness to change behavior (Dean
et al., 2015), into future studies could improve behavior prediction, perhaps helping to reveal
a predictive signal for insight on drug-related outcomes that was not detected here.

In conclusion, we validated a simulated drug-choice task for use in a prescription opioid-
using chronic pain population with a broad range of opioid misuse severity. Although
opioid-related choice was low overall, it was comparatively elevated in individuals with a
more severely addicted phenotype (supported by moderations with severity and insight,
respectively), validating the task in this population for the first time. Opioid-related choice
behavior also predicted change in misuse over time among individuals with initially low
opioid misuse. As such, our results offer the intriguing possibility that simulated opioid
choice could be used to objectively, yet noninvasively help to identify which individuals
using prescription opioids might have the highest vulnerability for progressing into opioid
use disorder and other deleterious outcomes.
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Trial N

Figurel.
Task schematic. Participants chose whether to view opioid pill images in comparison with

standardized pleasant, unpleasant, and neutral images (from the IAPS collection; unpleasant
and neutral not shown). Images were arranged probabilistically under flipped-over cards; the
desired outcome (image type) of the choice was likely (87%), but not certain.
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What kinds of pictures do
you think you chose to look
at most often?

A. Pleasant
Unpleasant
Neutral
Pill

Figure 2.
Insight measure. As done in our previous research, insight was operationalized as whether

(yes/no) participants correctly self-reported the image category they chose most often during
the task. In the abbreviated example shown where opioid selections exceed pleasant
selections (unpleasant and neutral not shown), a response that pleasant images were chosen
most frequently would be scored as impaired insight; a response that opioid images were
chosen most frequently would be scored as intact insight.
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Figure 3.
Task behavior, moderated by opioid misuse on the Current Opioid Misuse Measure

(COMM) and by insight. The three-way interaction between image choice, opioid misuse,
and insight was partially driven by especially high opioid selections among individuals with
high opioid severity and impaired insight. Panels display choice behavior for (A) pleasant
images, (B) unpleasant images, (C) neutral images, and (D) opioid pill images.
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Figure 4.
Longitudinal prediction of future opioid misuse, measured by the Addiction Behaviors

Checklist (ABC), among individuals with initially low severity. As calculated with binary
logistic regression, there was an association between opioid versus pleasant selections on the
task at baseline and opioid misuse status at follow-up, controlling for opioid misuse status at
baseline. For display purposes only, opioid misuse is provided using continuous scoring.
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Demographics and clinical characteristics of the study sample at baseline assessment.

Table 1.

Measure Non-misusers (N=43) | Misusers(N=57) | Statistical test
Gender (M/F) x>=2.13
Female N (%) 27 (62.8) 34 (60.7)
Age (M+ SD) 57.0+12.1 51.3+11.8 =237
Race/Ethnicity ;(2=2.15
Caucasian N (%) 40 (93.0) 53 (94.6)
African American N (%) - 1(1.8)
Latino NV (%) 1(23) 1(1.8)
Asian/Pacific Islander N (%) 1(2.3) -
Other 1(2.3) 1(1.8)
Primary pain condition x’=4.41
Lower back N (%) 22 (51.2) 30 (53.6)
Joint/arthritis AV (%) 5(11.6) 10 (17.9)
Head/neck N (%) 2(4.7) 6 (10.7)
Fibromyalgia N (%) 5(11.6) 5(8.9)
Other 9(20.9) 5(8.9)
Clinical characteristics (M + SD)
COMM 92+31 21171 +=10.29*
Opioid use disorder symptoms 22+23 41+29 £=3.50*
Morphine equivalent units per day | 79.4 +103.1 89.9 +136.8 =0.42
BPI, Pain Severity 50+14 52+14 =0.47
BPI, Pain Interference 58+1.8 6.3+19 =1.44

Note. Characterization of opioid non-misusers and misusers was based on the Current Opioid Misuse Measure (COMM), where the threshold for

misuser was a score of 213,
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