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Abstract

Objective. Evidence suggests that blunted reward responsiveness may account for poor clinical outcomes in both
opioid use disorder (OUD) and chronic pain. Understanding how individuals with OUD and comorbid chronic pain
(OUDþCP) respond to rewards is, therefore, of clinical interest because it may reveal a potential point of behavioral
intervention. Methods. Patients with OUD (n¼ 28) and OUDþCP (n¼19) on opioid agonist treatment were compared
on: 1) the Probabilistic Reward Task (an objective behavioral measure of reward response bias) and 2) ecological
momentary assessment of affective responses to pleasurable events. Results. Both the OUD and the OUDþCP
groups evidenced an increase in reward response bias in the Probabilistic Reward Task. The rate of change in re-
sponse bias across blocks was statistically significant in the OUD group (B¼ 0.06, standard error [SE]¼0.02, t¼ 3.92,
P<0.001, 95% confidence interval [CI]: 0.03 to 0.09) but not in the OUDþCP group (B¼ 0.03, SE¼0.02, t¼ 1.90,
P¼0.07, 95% CI: �0.002 to 0.07). However, groups did not significantly differ in the rate of change in response bias
across blocks (B¼0.03, SE¼0.02, t¼ 1.21, P¼ 0.23, 95% CI: �0.02 to 0.07). Groups did not significantly differ on state
measures of reward responsiveness (P’s �0.50). Conclusions. Overall, findings across objective and subjective meas-
ures were mixed, necessitating follow-up with a larger sample. The results suggest that although there is a reward re-
sponse bias in patients with OUDþCP treated with opioid agonist treatment relative to patients with OUD without CP, it
is modest and does not appear to translate into patients’ responses to rewarding events as they unfold in daily life.
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Introduction

Reward responsiveness is a fundamental process that

strongly and reliably drives behavior to approach re-

warding stimuli and avoid stimuli associated with dimin-

ished reward value [1]. It can be assessed behaviorally,

with tests of implicitly learned reward responsiveness [2],

or subjectively, through both trait and state measures

reflecting how individuals believe they appraise and react

to rewarding stimuli [3–5]. Dopamine is an essential sub-

strate of reward responsiveness [6], supporting cognitive

and motivational states that fuel the pursuit of a wide ar-

ray of natural rewards [7–11]. Opioids stimulate dopa-

mine release, reinforcing the behavior to seek more

opioid [12]. However, repeated exposure to exogenous

opioids desensitizes endogenous opioid and dopamine re-

ceptor function in the context of naturally rewarding

stimuli, in turn impairing reward responsiveness to natu-

ral rewards and promoting further drug seeking [13, 14].

Such theories are supported by pharmacogenomic evi-

dence of dysfunctional dopamine signaling in patients

with opioid use disorder (OUD) [15]. Clinically, reward

responsiveness deficits are thought to underlie the ele-

vated rates of anhedonia observed in early opioid addic-

tion [16].

These broad links, however, risk oversimplifying a

wide range of factors that could promote individual-level

or group-level differences in reward responsiveness

within the OUD population. Chronic pain is a particu-

larly pernicious comorbidity of OUD; up to 60% of indi-

viduals with OUD on opioid agonist treatment (OAT)

report chronic pain [17–19]. Moreover, chronic pain is

associated with high rates of psychiatric comorbidities

[20] and greater opioid craving [21] among patients with

OUD on OAT. Intriguingly, there is a nascent but grow-

ing evidence base that suggests chronic pain may erode

reward-related resources through neuroplastic changes

within corticostriatal circuits [22–24]. Additionally, one

small study reported lower levels of trait reward respon-

siveness in patients with chronic pain than in healthy

controls [25]. Although those results have yet to be repli-

cated, they raise the question of whether patients with

OUD and comorbid chronic pain (OUDþCP) might

show reduced levels of reward responsiveness relative to

patients with OUD without chronic pain. Because

chronic pain is highly prevalent in OUD, understanding

its associations with core constructs of OUD pathology,

such as reward responsiveness, can inform how treat-

ments are conceptualized and tailored in this population.

In the present study, we examined reward responsive-

ness in OUD and OUDþCP patients by using a multi-

modal assessment approach, as concordant positive

findings observed across multiple measurement modali-

ties enhance the reliability of interpretations in small

samples [26]. We assessed behavioral reward responsive-

ness with the Probabilistic Reward Task (PRT), a well-

validated implicit learning task [2]. Additionally, we

assessed reward responsiveness at the state level with eco-

logical momentary assessment (EMA) questions related

to the experience of pleasant activities in daily life. All

participants were being treated with a standard OAT in-

volving maintenance on a mu-opioid agonist (i.e., metha-

done or buprenorphine/naloxone). We hypothesized that,

compared with patients with OUD without chronic pain,

OUDþCP patients would show evidence of attenuated

reward responsiveness in two ways: 1) a flattened reward

responsiveness curve across blocks on the PRT and 2)

lower ratings of daily pleasure.

Methods

Overview
To address the present study’s aim of examining reward

processing differences between OUD and OUDþCP

patients undergoing OAT, we examined data from a

larger parent project from the National Institute of Drug

Abuse’s Intramural Research Program (NIDA IRP) in

Baltimore, Maryland, USA. Data for the present project

were collected between April 2015 and October 2017.

The NIDA Institutional Review Board approved all the

study procedures, and all participants provided written

informed consent before participation. Only methods

germane to the present study’s aims are described, and

additional methods from the parent project can be found

in previous work [27–29].

Participants
Fifty-six participants enrolled in the study. However,

eight were excluded from analysis because of violations

of data quality thresholds on the PRT (described later).

One additional individual was an influential outlier on

PRT data and was removed. The PRT data for this indi-

vidual, who was in the OUDþCP group, had the effect of

exaggerating the primary group comparison on PRT

slopes. Removing this individual reduced the magnitude

of group difference observed. After these exclusions, the

final sample for this study was 47 individuals (OUDþCP:

n¼ 19; OUD: n¼ 28). We recruited participants by using

fliers at local outpatient treatment facilities and newspa-

per advertisements. Individuals seeking OUD treatment

were eligible if they were 1) enrolled in the NIDA IRP’s

office-based outpatient treatment (OBOT) program or 2)

already enrolled in OUD treatment elsewhere (TE) in the

community. Inclusion criteria for OBOT participants in-

cluded 1) age between 18 and 75 years and 2) physical

dependence on opioids confirmed by positive urine and/

or frank opioid withdrawal. OBOT cohort participants

were excluded if they met criteria for any of the follow-

ing: 1) a history of any Diagnostic and Statistical Manual

(DSM)-5 diagnosis of psychotic disorder or bipolar disor-

der or ongoing Major Depressive Disorder, 2) current

alcohol-use disorder or sedative-hypnotic-use disorder, 3)

cognitive impairment that would preclude informed
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consent or valid self-report, 4) any condition that would

interfere with urine collection, or 5) current medical ill-

ness (e.g., cirrhosis, nephrotic syndrome, etc.) or use of

medications (e.g., glucocorticoids, adrenal extract sup-

plements, etc.) that could complicate medical manage-

ment or compromise participation in research.

The inclusion criterion for TE participants was that

the individual consented to providing documentation of

current enrollment in a community-based OAT program

that used either methadone or buprenorphine/naloxone

treatment for OUD. Documentation was verified by

NIDA IRP staff before the individual’s enrollment. TE

cohort individuals were excluded if they met exclusion

criteria 1, 3, or 4 listed previously.

Across both groups, chronic pain status was assessed

by asking the following questions: 1) “In the past

3 months, have you experienced any pain other than pain

from opiate withdrawal?” and 2) “Is this pain constant

or does it flare up frequently?” OBOT and TE partici-

pants who answered yes to both items were considered to

have chronic pain (OUDþCP group). This approach is

consistent with the minimal threshold for the

International Association for the Study of Pain (IASP)

classification of chronic pain [30]. The 3-month recall

was chosen to reproduce Dunn et al’s [19] characteriza-

tion of chronic pain in patients with OUD on OAT and

thus permits comparisons across studies.

Procedures
OBOT participants were enrolled in a 30-week office-

based buprenorphine treatment program at the NIDA

Archway Clinic, an outpatient research clinic.

Participants completed twice-weekly toxicology screen-

ings to corroborate self-reported substance use. TE par-

ticipants were actively participating in either a

methadone or buprenorphine treatment program at a

community clinic during their enrollment in the parent

project’s monitoring study. Over a maximum period of

8 weeks, TE participants attended three weekly study ses-

sions at the NIDA IRP clinic. At each visit, toxicology

screenings were taken and used to corroborate self-

reported substance use. TE participants’ methadone or

buprenorphine dose was self-reported at the first visit.

All participants underwent an assessment visit in

which questionnaires and the PRT were administered as

described below. In addition to completing the baseline

assessment visit, participants were also given a smart-

phone to complete brief surveys via EMA. EMA is a tech-

nique to collect information about individuals’ real-time

behaviors and experiences in their natural environments.

Each smartphone was preprogrammed with

experimenter-configurable software, which delivered

fixed and random prompts for participants to complete

brief surveys on their momentary levels of a variety of

psychological and substance-related measures. Detailed

information about EMA data collection methods has

been reported in previous papers [27–29]. In the present

study, we focused on momentary reports of general

mood levels, the presence or absence of pleasurable

events, and the participant’s cognitive and emotional re-

sponse to those events if they occurred (see below: State

Reward Responsiveness). All assessments were con-

ducted after at least 5 weeks on OAT in the OBOT

group. TE participants’ treatment duration data were not

available.

Measures

Behavioral Reward Responsiveness

The PRT [2], a laboratory-based task grounded within

signal detection theory, assesses an individual’s ability to

modulate behavior on the basis of rewards. Participants

completed three 100-trial blocks in which they were

asked to discriminate between two perceptually similar

stimuli. For the stimuli, a schematic face with no mouth

(diameter: 25 mm; eyes: 7 mm) was first presented in the

center of a 15-inch monitor. After a brief delay (500 ms),

a straight line appeared as the mouth on the schematic

face. Participants were instructed to choose whether the

line represented a “little mouth” (i.e., 10.0 mm line) or a

“big mouth” (i.e., 11.0 mm line) across trials. Line sizes

were presented at equal frequencies throughout the task.

To submit responses, participants pressed either the “v”

or the “m” key on a computer keyboard, with the

mouth/key associations randomly varying across partici-

pants counterbalanced across administrations. On a por-

tion of correct trials, participants received a monetary

reward with the feedback, “Correct!! You won 10 cen-

ts.” Without the participants’ knowledge, mouth lengths

were randomly designated as either “rich” or “lean”

stimuli, so that correct identification of rich stimuli were

rewarded three times more frequently than correct identi-

fication of “lean” stimuli (i.e., 30 vs. 10 per block),

resulting in an asymmetrical reinforcement schedule.

PRT data underwent a quality control assessment before

subsequent analyses, consistent with prior studies [2, 31].

Trials were excluded if 1) the reaction time was<150 ms or

>1,500 ms or 2) the reaction time value was above or be-

low three standard deviations from the mean. To ensure ad-

equate exposure to the asymmetrical reinforcement

schedule, subjects displaying below chance (<55%) accu-

racy and >10% outlier trials were excluded from analysis.

The primary outcome of interest for the PRT was re-

sponse bias (RB), which is an index of reward responsive-

ness. RB measures the extent to which participants

biased response patterns toward rich stimuli relative to

lean stimuli. Consistent with previous work, RB in the

present study was calculated as:

Log b ¼ 1=2 log ½ðRichcorrect � LeanincorrectÞ=ðRichincorrect

� LeancorrectÞ�

Reward Responsiveness, OUD, and Chronic Pain 2021
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The secondary outcome of interest was discriminabil-

ity, which is an index of general task difficulty.

Discriminability was calculated as:

Log d ¼ 1=2 log ½ðRichcorrect � LeancorrectÞ=Richincorrect

� LeanincorrectÞ�

Following prior procedures, RB and discriminability

were computed by adding 0.5 to every cell in the matrix

in the formula above [32].

Ecological Momentary Assessment of State Reward

Responsiveness and Positive Mood

EMA was completed daily over the entire study period

for each participant (i.e., maximum 15 weeks for OBOT

participants and maximum 8 weeks for TE participants),

as described in prior work from the parent study [27–

29]. It should be noted that participants received about

28 random and end-of-day prompts per week. They were

required to respond to at least 82% of these prompts

(�23) within 15 minutes as a condition of continued par-

ticipation. Both state reward responsiveness and positive

mood were assessed on average 2.8 times (standard devi-

ation [SD]¼ 0.61) daily via random prompts on a smart-

phone. Data quality was controlled by range limits on

responses (i.e., participants could not respond outside the

range of the scale). The study team met with each partici-

pant weekly to review the results of EMA compliance. If

the participant’s compliance did not meet the compliance

threshold for 2 consecutive weeks despite the weekly re-

minder, he or she was discharged from the study. One

participant in OBOT and two participants in TE were

discharged. EMA compliance was further promoted

through extensive training and providing small incen-

tives. These resulted in a very high EMA compliance rate

in the present study. Of a total 8,574 random prompts

sent out during the study period, participants completed

8,460 (98.7%). More specifically, participants in the

OBOT group completed a mean of 308 random prompts

during the 15-week assessment period (SD¼ 34; min-

¼ 243; max¼ 338), and those in the TE group completed

a mean of 145 random prompts during the 8-week as-

sessment period (SD¼ 37; min¼ 42; max¼ 224). As the

EMA compliance was very high, we conducted analyses

based on the full number of participants.

For state reward responsiveness, at each randomly

prompted entry, participants were asked to indicate

whether or not (binary yes/no) they had recently experi-

enced a pleasurable event not related to drug use.

Individuals with affirmative responses were further asked

to indicate the degree of pleasure experienced from this

event (1¼ “none” to 5¼ “an extreme amount”) and his/

her intention to continue engaging in the event

(1¼ “none” to 5¼ “the highest amount possible”) on a

five-point Likert scale. Among the completed random

prompts, 904 (9.1%) were indicated as “yes” in

experiencing a pleasurable event. Note that to increase

the measurement reliability, especially given the low base

rate of experiencing a pleasurable event, the random

prompt assessments of state reward responsiveness were

aggregated (averaged) at the day level.

Positive mood was separately assessed with seven

adjectives (i.e., carefree, happy, lively, cheerful, relaxed,

contented, and pleased) based on a factor analysis we

conducted previously [28]. At each randomly prompted

entry, participants were asked to rate the intensity with

which they felt each adjective “just before the phone

beeped,” using a scale ranging from 1 (not at all) to 5 (ex-

tremely). Responses for the seven items were averaged

into a positive mood score. The positive mood rating was

not linked to the pleasurable event report. Then, random

prompt assessments of positive mood were aggregated

(averaged) at the day level. Note that the positive mood

ratings were logged whether or not a pleasurable event

was recorded.

Depressive Symptoms

Symptoms of depression were assessed with the Center

for Epidemiological Studies–Depression (CES-D) [33]

scale. Using a four-point Likert scale (1¼ “less than

1 day,” 4¼ “5–6 days”), participants provided ratings for

20 items about their frequency of experiencing depressive

symptoms over the prior week. Scores could range from

0 to 60; higher scores reflect endorsement of more severe

depressive symptoms. This measure was included in anal-

yses as a confounder.

Pain Severity and Interference

The Brief Pain Inventory (BPI) [34] was used to assess av-

erage pain severity over the previous 24 hours on scale of

0–10, where 0¼ “no pain” and 10¼ “pain as bad as you

can imagine.” We modified the questions on the BPI to

ensure that participants reported on pain not related to

opioid withdrawal. Additionally, the seven-item Pain

Interference subscale of the BPI assessed the degree to

which pain interfered with daily functioning over the pre-

vious 24 hours. This measure was included for descriptive

purposes.

Data Analysis
Mixed-effects models were used to evaluate main and in-

teraction effects for performance on the PRT. On the

task, reward responsiveness was gauged by the rate of

change in RB across the three blocks. As such, we mod-

eled a random intercept to account for random variation

in RB at Block 1. Within each pain group (OUD vs.

OUDþCP), the Block main effect reflected the linear

change in reward responsiveness (i.e., RB) across blocks.

Evidence of group differences in reward responsiveness

was evaluated with the Pain Group � Block interaction

term. The evaluation of change across blocks is consis-

tent with prior studies examining RB from the PRT [31,

35, 36]. Models described above were fit with depressive
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symptoms (CES-D total score) and discriminability (i.e.,

an index of general task difficulty unrelated to reward,

averaged across the second and third blocks after initial

learning should have been acquired) as covariates. These

covariates were included because depression is associated

with reduced reward responsiveness on the PRT [31],

and covarying discriminability controls for task

difficulty.

Mixed-effects models were used to evaluate group dif-

ferences in the state reward responsiveness index in the

EMA, as observations were nested within persons.

Momentary ratings of positive mood were averaged at

the level of the day. Similarly, momentary ratings of plea-

surable event responses (both pleasurable response rating

and intent to continue) were averaged at level of the day.

Hence, the two-level (i.e., level 1¼within-person level

and level 2¼ between-person level) mixed-effects model-

ing was conducted. The mixed-effect models included

random intercepts, along with a fixed effect (i.e., Pain

Group) that tested group differences. Random slope was

not considered, as the models include only a level 2 (be-

tween-person) predictor. No covariate was included in

the model, and the unstructured covariance matrix was

used.

Results

Participants
Sample characteristics are provided in Table 1. The

groups did not significantly differ in any demographic

feature, and the distribution of OAT type was not signifi-

cantly different between groups. The OUDþCP group

had significantly greater pain severity (t¼ –4.67,

P< 0.001, 95% confidence interval [CI]: –4.18 to –1.66)

and pain interference (t¼ –4.15, P< 0.001, 95% CI: –

4.88 to –1.69) on the BPI than that of the OUD group.

Tests of Reward RB Differences Between Groups
As shown in Figure 1, there was a large main effect of

Block in the OUD group (B¼ 0.06, standard error

[SE]¼ 0.02, t¼ 3.92, P< 0.001, 95% CI: 0.03 to 0.09),

reflective of an 83% increase in RB from Block 1 (mean-

¼ 0.14, SD¼ 0.12) to Block 3 (mean¼ 0.25, SD¼ 0.18).

In contrast, the main effect of Block in the OUDþCP

group was positive but not statistically significant

(B¼ 0.03, SE¼ 0.02, t¼ 1.90, P¼ 0.07, 95% CI: –0.002

to 0.07), reflective of a 58% increase in RB from Block 1

(mean¼ 0.11, SD¼ 0.13) to Block 3 (mean¼ 0.17,

SD¼ 0.14). In a separate model, we added the Group �
Block interaction, which was not statistically significant

(B¼ 0.03, SE¼ 0.02, t¼ 1.21, P¼ 0.23, 95% CI: –0.02

to 0.07).

Post hoc comparisons showed that groups did not dif-

fer in RB at Block 1 (B¼ 0.03, SE¼ 0.04, t¼ 0.81,

P¼ 0.42, 95% CI: –0.05 to 0.11) or Block 2 (B¼ 0.05,

SE¼ 0.04, t¼ 1.31, P¼ 0.20, 95% CI: –0.03 to 0.15) but

did significantly differ at Block 3 (B¼ 0.10, SE¼ 0.05,

t¼ 2.08, P¼ 0.04, 95% CI: 0.003 to 0.20), with the

OUD group showing a larger RB at Block 3 than the

OUDþCP group. This suggests that group differences in

reward RB were strongest during the late, relative to the

initial, acquisition phase.

Test of State Reward Responsiveness Differences

Between Groups
Finally, we investigated the extent to which individuals

reported changes in pleasure in response to pleasurable

events in daily life, the descriptive statistics of which are

presented in Table 2. Across the sample, individuals

reported an average of 0.20 (SD¼ 0.57) pleasurable

events per day. The OUD and OUDþCP groups did not

significantly differ in the daily rate of pleasurable events

reported (B¼ –0.08, SE¼ 0.12, degrees of freedom

[df]¼ 44.11, P¼ 0.53, 95% CI: –0.32 to 0.17). Groups

did not differ in the magnitude of feeling pleasure

Table 1. Comparison of demographic and clinical
characteristics

OUD OUDþCP
(n¼28) (n¼19)

Demographic characteristics

Sex, n

Women 20 15

Men 8 4

Race, n

Black 15 8

White 11 11

More than one race 1 0

Unknown 1 0

Ethnicity, n

Hispanic 1 0

Non-Hispanic 26 19

Unknown 1 0

Age

Mean age, y 47.5 6 10.0 50.5 6 8.3

Educational level, n

Some high school 2 2

High school diploma 9 3

GED 12 6

Some college 5 6

College graduate 0 2

Clinical characteristics

Clinical pain

BPI severity 1.8 6 2.0 4.68 6 2.2

BPI interference 1.9 6 2.5 5.1 6 2.8

Medication

Methadone, n 14 7

Dose, mg 80.00 6 34.70 74.00 6 30.91

Buprenorphine, n 14 12

Dose, mg 15.00 6 4.28 14.53 6 6.20

% of sample with

positive opioid urine

39.46 6 38.00 36.39 6 39.05

% of sample with positive

illicit drug urine (cannabis,

amphetamine, cocaine,

benzodiazepine,

barbiturate, and PCP)

50.32 6 43.81 36.28 6 39.46

CES-D 12.5 6 9.1 12.8 6 6.2
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reported on days in which at least one pleasurable event

was reported (B¼ –0.03, SE¼ 0.16, df¼ 38, P¼ 0.83,

95% CI: –0.36 to 0.29). Groups also did not differ in the

magnitude of intention to continue engaging in pleasur-

able activities on days in which at least one pleasurable

event was reported (B¼ 0.07, SE¼ 0.20, df¼ 36.60,

P¼ 0.73, 95% CI: –0.34 to 0.48).

As an additional check on the general positive mood,

we also examined average levels of positive mood on

days in which at least one (vs. zero) pleasurable event

was reported. Across diary days in the full sample, aver-

age daily levels of positive mood were significantly higher

on days in which at least one pleasurable event was

reported than on days with zero pleasurable events were

reported (at least one pleasurable event: mean¼ 2.00,

SD¼ 0.62; zero pleasurable events: mean¼ 1.88,

SD¼ 0.84; B¼ 0.21, SE¼ 0.04, df¼ 38.33, P< 0.001,

95% CI: 0.13 to 0.29]. However, groups did not differ in

the average daily level of positive mood on days in which

at least one pleasurable event was reported (B¼ 0.10,

SE¼ 0.17, df¼ 39.59, P¼ 0.54, 95% CI: –0.23 to 0.44).

Discussion

The present study provided mixed evidence on the associ-

ation of chronic pain with reduced reward responsiveness

among individuals with OUD on OAT. First, whereas the

OUD-only group evidenced robust reward responsive-

ness on the PRT, the OUDþCP group demonstrated re-

duced reward responsiveness, particularly in the late

learning phase of the task. However, the groups did not

statistically differ in the rate of reward RB across blocks

or on state (EMA) measures of reward responsiveness.

Overall, these results suggest that although there is a be-

havioral signal for a reward responsiveness deficit in

patients with OUDþCP treated with OAT, it does not

appear to translate into patients’ responses to rewarding

events as they unfold in daily life, as measured in the pre-

sent study.

The present investigation was spurred by a growing

body of literature that has revealed reward system dys-

function in patients with chronic pain [25, 37–42]. The

OUDþCP group evidenced a weak and nonsignificant

repeated-measures main effect of Block and had signifi-

cantly lower RB than that of the OUD group at Block 3,

when reward responsiveness was expected to be greatest.

Several prior studies have demonstrated that perfor-

mance on the PRT is associated with activation of the

corticostriatal circuits [35, 43–45], a functionally inter-

connected group of brain regions responsible for the ap-

praisal and valuation of rewarding stimuli. The

corticostriatal circuits are heavily innervated with dopa-

minergic neurons, which are required for reinforcement

and motivation [46]. Indeed, when phasic dopaminergic

burst firing is pharmacologically blunted, healthy indi-

viduals demonstrate attenuated reward responsiveness on

the PRT [47], similar to that observed in depressed indi-

viduals who have not undergone pharmacological manip-

ulation [31]. Thus, performance on the PRT appears to

be sensitive to person-level variation in dopaminergic

neurotransmission. Against this background, our finding

that patients with OUDþCP had attenuated reward RB

on the PRT is consistent with the view that chronic pain

may be a hypodopaminergic state [22, 24, 40].

Notably, the individuals with chronic pain in our

study also had OUD. Like chronic pain, OUD is a

chronic condition thought to gradually lead to functional

deterioration of corticostriatal circuitry involved in re-

ward processing [48]. The mechanisms underlying the

“reward deficiency” syndrome in both OUD and chronic

pain have been proposed to substantially overlap [49].

Figure 1. PRT RB in patients with OUD with and without
chronic pain. RB (log-b) is plotted across blocks for OUD and
OUDþCP groups. Error bars represent standard deviations
from the mean. OUD RB mean 6 SD: Block 1¼0.14 6 0.12,
Block 2¼0.19 6 0.17, Block 3¼0.25 6 0.18. OUDþCP RB
mean 6 SD: Block 1¼0.11 6 0.13, Block 2¼0.14 6 0.12, Block
3¼0.17 6 0.14.

Table 2. Self-reported reward-related measures between
groups

OUD

(Mean 6 SD)

OUDþCP

(Mean 6 SD) P

Daily rate of pleasurable

events

0.21 6 0.60 0.18 6 0.52 0.27

Daily magnitude of plea-

sure response to plea-

surable events

3.25 6 0.74 3.14 6 0.83 0.18

Daily intention to con-

tinue engaging in plea-

surable events

3.20 6 0.91 3.19 6 0.95 0.88

Daily overall positive

mood on days of plea-

surable events

1.97 6 0.55 2.06 6 0.73 0.17

Bolded measures were the primary tests of subjective reward

responsiveness.
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Recent evidence, however, suggests that OAT may re-

regulate reward responsiveness in OUD [50]. The attenu-

ated reward responsiveness observed in our OUDþCP

sample may be a signal that chronic pain interferes with

the putative reward re-regulation thought to be conferred

by OAT, although the mixed findings across measures re-

quire cautious interpretation. There is a need for prospec-

tive studies to be conducted over a longer time course,

and in a larger sample, to rigorously evaluate the ques-

tion of how pain and reward interact in OUD. For exam-

ple, we have very little understanding of when reward

processing deficits (e.g., anhedonia) emerge in the course

of the trajectory of chronic pain symptom development.

Understanding how the confluence of chronic pain and

OUD symptom trajectories influences reward processing

over larger longitudinal time scales will be critical to pre-

vention and treatment efforts. For example, outcomes of

OAT, which commonly involves a combination of phar-

macotherapy (e.g., methadone or buprenorphine) and

supportive psychotherapy (e.g., cognitive-behavioral

therapy), could be improved by tailoring to the needs of

OUD subpopulations, such as those with OUDþCP [51].

Across groups, however, the pattern of the data gener-

ally supported those reported by Eikemo et al. [50], sug-

gesting that patients with OUD maintained on

methadone or buprenorphine did not show grossly dys-

functional behavioral or trait reward responsiveness. In

the OUD group, the RB curve on the PRT was large and

linear. Furthermore, even though the reward responsive-

ness curve of the OUDþCP group was 25% lower than

that of the OUD group, the average increase in RB across

blocks for OUDþCP was still 58%, suggesting that re-

ward responsiveness may have been in the normal range.

Thus, although the OUDþCP group evidenced quantita-

tively lower reward RB, particularly in the final block of

the PRT, it may not be indicative of frank “dysfunction”

of the reward system.

Although a prior study with a small sample has

reported a correlation between behavioral and/or neuro-

biological reward measures and subjective measures of

reward responsiveness [4], our results did not follow that

pattern. The OUD and OUDþCP groups reported similar

rates of pleasurable non-drug events and similar cogni-

tive/affective responses to those events. Several factors

may be at play in the discordance between task data and

state self-report data, including reliability differences be-

tween measures and differences in response processes

(e.g., perception vs. performance) [26]. Whereas the PRT

incentivized correct responses with small monetary

rewards, the events sampled in the random prompts of

the EMA pertained to an array of potentially pleasurable

life events that likely had little resemblance to receiving

money. Additionally, our sample size was small, and rep-

lication in a larger sample is clearly needed to confirm

the validity of the present findings. It is possible that

learning rates for monetary rewards do not closely reflect

how individuals with OUD and OUDþCP process

naturalistic pleasurable events. Alternatively, it could be

that the magnitude of effect on the PRT needs to be

much greater to observe group differences in related nat-

uralistic processes. Finally, null EMA findings may have

been influenced by the extremely low volume of pleasant

events reported (mean¼ 0.2 events/day), a finding at

odds with other reports of positive events in OUD sam-

ples [52]. Methodological decisions related to sampling

frequency and recall instructions may have influenced the

narrow variance in pleasant event frequency that we ob-

served; events were recorded at the momentary level

(e.g., past 5 minutes), and it is possible that if we had

chosen wider bands for retrospective reporting, a larger

frequency of pleasant events would have been observed,

and our EMA analyses might have yielded different

results.

There were a few limitations of the present study that

should be addressed in future work. First, the sample size

was small and may have contributed to unstable esti-

mates of group comparisons. The study may have lacked

power to observe less than large between-group differen-

ces, so the present findings should be considered prelimi-

nary and their value assessed principally in their

propensity to fuel future research. Second, because a sub-

stantial portion of the sample (73.2%) was recruited

from community OAT clinics, we were unable to exam-

ine the role of specific treatment-related information

(e.g., dose, time in treatment) on group differences.

Third, we lacked physician confirmation of participants’

self-reports of chronic pain and did not include a detailed

assessment of chronicity beyond 3 months. Thus, al-

though participants in the OUDþCP group reported

“constant or frequently flaring” pain over at least

3 months, we lacked more detailed evaluation of their

pain complaints. Fourth, we did not include a measure of

pain severity during participants’ performance on the

PRT, so we were unable to evaluate the effects of acute

pain on PRT performance. Interestingly, pain interferes

with cognitive task performance in some individuals,

whereas in other individuals, performance of a cognitive

task is enhanced during acute pain [53, 54]. Thus, the

lack of acute pain reports during the task is a potential

limitation in that it could have biased performance in one

direction or the other. However, if groups were systemat-

ically different in performance, we would have expected

to see differences in the discriminability parameter in ad-

dition to the RB; the nonsignificant between-groups test

of differences in discriminability argues against any sys-

tematic performance bias that may have influenced re-

ward RB. Future studies could build upon this work by

targeting specific comorbid pain disorders and conduct-

ing more thorough pain phenotyping. A final limitation

is that, although we controlled for depressive symptoms

in primary analyses of the PRT, individuals with current

major depressive disorder were excluded from the study.

Because depression is prevalent among patients with

both OUD and chronic pain, the PRT data from this
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study may not generalize to the broader population with

OUDþCP.

Conclusions

This study set out to evaluate the degree to which chronic

pain altered reward responsiveness and subjective reward

responsiveness in patients with OUD maintained on ei-

ther methadone or buprenorphine. We found a modest

signal for attenuated reward responsiveness in patients

with OUDþCP but not in OUD-only patients, suggesting

that patients with OUDþCP may be challenged in their

ability to incorporate and act on information to increase

their chance of receiving rewards. However, the OUD

and OUDþCP groups did not differ in subjective meas-

ures of state reward responsiveness, which raises ques-

tions about the robustness of the behavioral findings.

Longitudinal studies with larger samples are necessary if

we are to better understand the potential impact of

chronic pain on reward responsiveness in patients with

OUD.
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