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Abstract

Aim: To assess the role of momentary pain on opioid craving and illicit opioid use among
individuals receiving opioid agonist treatment.

Design: Observational study using ecological momentary assessment.
Setting: The National Institute of Drug Abuse’s Intramural Research Program in the USA.
Participants: Fifty-six adults who qualified for opioid agonist treatment.

Measurements: Participants completed randomly prompted assessments of pain severity, stress,
negative mood, opioid craving, and illicit opioid use for a mean of 66 days (SD=27). Urine
samples were collected 2—-3x/week throughout.

Findings: Close to 70% of participants reported moderate average pain severity in the past 24
hours at intake and 35% of participants reported chronic pain. There were no significant
differences in percent of opioid-positive urine samples [F(1,54)=.13, p=.73] and average level of
opioid craving during the study period [F(1,54)=.01, p= .91] among opioid agonist treatment only
patients vs. opioid agonist treatment patients with chronic pain. However, momentary pain severity
significantly predicted concurrent opioid craving (8=.02, 95% ClI: .01, .03), over and above stress
and negative mood. Momentary opioid craving, in turn, significantly predicted illicit opioid use
that was assessed in the next moment (OR=1.88, 95% ClI: .70, 5.04), while controlling for
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autocorrelation and the effects of pain, negative mood, and stress. Momentary opioid craving
significantly mediated the prospective association between momentary pain and illicit opioid use
(95% Cl1=.013, .177). Exploratory analysis revealed that momentary pain severity also
significantly moderated the momentary association between stress and opioid craving (8=.02,
95% ClI: .00, .05), such that when momentary pain severity increased, the association between the
two intensified.

Conclusions: Among people receiving opioid agonist treatment, momentary pain appears to be
indirectly associated with illicit opioid use via momentary opioid craving.

Keywords
opioid agonist treatment; opioid use disorder; pain; craving; stress; negative mood

Introduction

Opioid-use disorder (OUD) is an important public health concern. In 2017, it was estimated
that 2.1 million individuals in the United States met the diagnostic criteria for OUD related
to prescription opioids, and about 626,000 individuals met the criteria for OUD related to
heroin use (1). Both methadone and buprenorphine maintenance are effective opioid-agonist
treatments (OAT) for OUD. However, it is common for patients to experience lapses during
OAT, which can increase risk for progression to relapse (2—6). This underscores the
importance of identifying and remediating risk factors for illicit opioid use during OAT.

One likely risk factor that generally has not been a primary target of comprehensive OAT
programs is the experience of pain. Previous studies report that the vast majority of
individuals in OAT reported notable pain experiences in the past week (7,8). In fact, not only
do chronic pain and OUD commonly co-occur (ranging 37% to 62%) (9,10), but also,
compared to patients with primary OUD, patients with co-occurring OUD and chronic pain
show significantly worse psychiatric symptom profiles, greater functional impairment, and
greater likelihood of using illicit substances during OAT (11,12). Some studies also show
that OAT patients with co-occurring chronic pain are more likely to use illicit opioids during
OAT compared to those without (11,13,14), although some other studies suggest no
significant differences (15-18).

Opioid craving (i.e., the urge to experience the effects of opioids) may help elucidate the
potential link between pain and illicit opioid use in OAT (19). First, opioid craving is a key
symptom of OUD that predicts problematic opioid use (17,20). Although an OAT can reduce
craving (21,22), it is common for OAT patients to continuously experience craving (6),
which is a significant risk factor for both lapse and relapse during OAT (20,23). Second,
recent studies suggest the possibility that pain can elevate opioid craving. For instance, Tsui
and colleagues (17) found that OAT patients with co-occurring chronic pain exhibited higher
odds of reporting opioid craving than those without chronic pain. However, to our
knowledge, none of the previous studies have investigated the association between
momentary pain and opioid craving in the context of OAT, over and above the effects of
stress and negative mood, which are robust predictors of opioid craving (24-29). It is also an
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open question whether opioid craving serves as a mediator of the prospective association
between pain and illicit opioid use during OAT.

In the present study, we used ecological momentary assessment (EMA) — a data-collection
approach that captures experience in real time and in real-world settings — to examine
nuanced associations among pain, opioid craving, and illicit opioid use among OAT patients.
First, we tested whether OUD patients with chronic pain are more likely to report opioid
craving and use illicit opioids compared to those without chronic pain. Second, we examined
whether opioid craving would mediate the prospective association between momentary pain
severity and illicit opioid use, while controlling for the effects of momentary stress and
negative mood. Third, because pain can modulate self-regulatory functions and can augment
the deleterious effects of stress and negative mood (30), as an exploratory aim, we tested if
momentary pain and chronic pain status would serve as moderators in the association
between momentary stress/mood and opioid craving. Figure 1 summarizes the hypothetical
model we tested.

This study is a secondary data analysis of a larger parent project conducted at the National
Institute of Drug Abuse’s Intramural Research Program (NIDA IRP) in Baltimore, MD,
USA. Hence, the primary research questions and analytical plan were not pre-registered on a
publicly available platform. Consequently, the results should be considered exploratory.

Participants were 1) seeking a treatment for addiction and enrolled into an office-based
outpatient treatment program at the NIDA IRP outpatient treatment research clinic called
Archway, or 2) already receiving addiction treatment elsewhere in the community. In the
treatment elsewhere setting, community clinics provided either methadone or
buprenorphine/naloxone maintenance treatment. All the study procedures were approved by
the NIDA IRB. Prior to study enrollment, all participants signed informed consent.

Participants were 56 adults who qualified for OAT to treat OUD. Fliers at local outpatient
treatment facilities and newspaper advertisements were used for recruitment. Participants in
the office-based outpatient treatment cohort had to meet the following inclusion criteria: 1)
age between 18 and 75; 2) physical dependence on opioids and/or frank opioid withdrawal.
Participants in the TE cohort had to provide documentation that they were currently
receiving either methadone or buprenorphine treatment for OUD at an OAT program in the
community. The treatment elsewhere participants provided consent for NIDA research staff
to confirm their enrollment at other clinics.

Participants in the office-based outpatient treatment cohort were excluded if they presented
with: 1) a history DSM-5 diagnosis of psychotic disorder or bipolar disorder, or ongoing
Major Depressive Disorder; 2) current alcohol-use disorder or sedative-hypnotic-use
disorder; 3) cognitive impairment that would preclude informed consent or valid self-report;
4) any condition that would interfere with urine collection; or 5) current medical illness
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(e.g., cirrhosis, nephrotic syndrome, etc.) or use of medications (e.g., glucocorticoids, etc.)
that could complicate medical management or compromise participation in research. In the
case of treatment elsewhere cohort, candidates were subject only to exclusion criteria 1, 3,

and 4; criteria 2 and 5 were for the safe administration of OAT within the NIDA clinic.

Participants in the office-based outpatient treatment cohort were enrolled in 30 weeks of
office-based buprenorphine treatment at the NIDA Archway Clinic, with twice-weekly urine
and breath samples to verify self-reported substance use. EMA was conducted for maximum
15 weeks (from weeks 3 to 18). Additional office-based outpatient treatment details can be
found in the Online Supplemental Materials (pp. 1). Participants in the treatment elsewhere
cohort, who were already receiving either methadone or buprenorphine treatment at a local
clinic, were enrolled in our monitoring study for a maximum of 8 weeks. They visited the
NIDA IRP three days per week, during which urine and breath samples and self-reported
substance use were collected as described for the office-based outpatient treatment cohort.
Methadone or buprenorphine dose was self-reported at the first visit.

Participants’ chronic-pain status was assessed with two items: “In the past 3 months, have
you experienced any pain other than pain from opiate withdrawal?” and “Is this pain
constant or does it flare up frequently?” Participants who answered yes to both items were
considered to have chronic pain.

Each participant was provided with a smartphone for EMA data collection. Before being
issued the smartphone, each participant had an instructional session with study staff in which
the app and the items were explained. Experimenter-configurable software was used to
program the smartphones to deliver fixed and random prompts and to log participant-
initiated event-contingent reports of drug use. The items in the EMA assessments covered a
broader range of topics (sleep, pleasurable events, locations, etc.) than we use in the current
analyses. We focus here on pain, stress, negative mood, opioid craving, and illicit opioid use
items that were assessed in randomly prompted entries. Note that participants received
approximately 28 random and end-of-day summary prompts per week and were required to
respond to at least 82% of them (that is, at least 23) within 15 minutes as a condition of
continued participation. Details on procedures for attaining good EMA compliance are
available in the online supplement material (pp. 2).

EMA measures

Pain Severity: Participants were asked to rate their level of pain that is not related to opioid
withdrawal in the present moment using the Numerical Rating Scale (NRS; 24) which
ranges from 0 (no pain) to 10 (pain as bad as it can be).

Stress. Participants were asked to rate the degree to which they were “feeling stress right
now” on a five-point numerical scale ranging from 1 (None) to 5 (An Extreme Amount), as
in prior published study from our group (32).
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Negative Mood: Negative mood was assessed with 12 adjectives (i.e., fatigued, worn out,
afraid, annoyed, angry, hopeless, on edge, sad, discouraged, resentful, exhausted, and
uneasy). These items were summed into a negative-mood score on the basis of a factor
analyses we have described previously (32). Participants were asked to rate the intensity
with which they felt each mood “just before the phone beeped,” using a scale ranging from 1
(Not at All) to 5 (Extremely).

Opioid Craving: Participants were asked to rate the degree to which they were feeling
craving for heroin or other opioids (Percocet, oxycodone, etc.) in the past 5 minutes on a
five-point numerical scale ranging from 1 (Not at All) to 5 (Extremely), as in prior published
study from our group (32).

[llicit opioid use: Participants were asked to indicate whether they had used heroin, other
opiates (e.g., Percocet, oxycodone, etc.), or street methadone/buprenorphine since they
arrived at their present location on a binary (yes/no) question.® If a participant endorsed any
of these, we coded the entry as one of illicit opioid use.

Baseline and other person-level measures: At baseline, we assessed: 1) baseline pain
severity (from Brief Pain Inventory; (33)), 2) pain interference [from Brief Pain Inventory
(BPI); (33)], and 3) depressive symptoms [from the Center for Epidemiological Studies
Depression (CES-D) scale; (34)] based upon well-validated measures. Cronbach’s alphas
were .92, .96, and .84, respectively, indicating adequate internal consistency.

We also calculated each participant’s percentage of opioid-positive urine samples (i.e.,
percent of urines positive for opioids other than the one prescribed as OAT) during the study
period, as well as the average opioid craving level across the EMA period. On average,
participants provided 30 days (SD = 12.3) of urine samples.

Data Analytic Strategy: Prior to conducting the main analyses, we compared baseline and
person-level measures for participants who did or did not meet criteria for chronic pain. We
then calculated descriptive statistics of EMA variables. Note that we elected to include those
without chronic pain in the main statistical analysis due to two main reasons. First, a large
proportion of OAT patients who do not meet the criteria for chronic pain report varying
degrees of pain experiences (7,8), and therefore, excluding them would limit generalizability
and implications of current findings. Second, it was also necessary to include those without
chronic pain, because testing a potential moderating effect of chronic pain status was one of
our study aims.

We used a three-level multilevel modeling approach to address the nested nature of the data.
When using illicit opioid use as an outcome, we used a multilevel logistic regression. All of
the level-1 (moment-level) predictor variables were day-mean centered (i.e., for each
participant, we subtracted the day’s mean from the random-prompt rating). Multilevel
models included random intercepts (both at level-2 and level-3), along with a set of fixed

Lif participants endorsed “yes” to a previously asked item that assesses whether they were walking from one place to another, the
participants were asked to indicate illicit opioid use in the past 5 minutes instead of since they arrived at their present location.
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effects (i.e., momentary pain, negative mood, and stress for opioid craving as an outcome
model; and opioid craving, pain, negative mood, stress, and previous moment illicit opioid
use for illicit opioid use as an outcome model). Random slopes at both level-2 (day-level)
and level-3 (person-level) were included for pain in the craving as an outcome model.
Random slopes at both level-2 (day-level) and level-3 (person-level) were included for
craving in the illicit opioid use as an outcome model. A first-order autocorrelation [AR(1)]
covariance structure was used to account for the autocorrelation among level-1 residuals due
to the narrow time interval between adjacent random-prompt assessments. These analyses
were conducted by SPSS Version 26 using the MIXED and GENLINMIXED (for the
multilevel logistic regression model) commands. See the online supplement (pp. 3-5) for a
detailed description of each model’s parameters.

To test mediation, we used Rmediation (35), which provides higher statistical power and
better control of Type | error rates than traditional mediation analyses (i.e., the Sobel test).
See the online supplement (pp. 6) for details on Rmediation.

Effect sizes were calculated by computing the pseudo-R? (i.e., proportion of the variance
reduction). However, this method is not applicable to the multilevel logistic regression
because it does not provide level-1 residuals. Thus, instead, for the logistic regression, we
reported odds ratios for each predictor.

Power analysis: We have conducted a multilevel model power analysis based upon the
MLPowSim program (36) using 1,000 simulation data sets with a =.05. The simulation
suggested that one can reach sufficient statistical power (> 80%) to detect a small level-1
(moment-level) effect when the level-3 cluster size (i.e., total sample size) is 20, level-2
cluster size is 17 (i.e., the number of days of EMA assessment), and level-1 cluster size is 3
(i.e., the number of random prompts per day). Hence, the present study, which had a sample
size of 56 with an average level-2 cluster size of 66 and an average level-1 cluster size of 3,
was adequately powered to detect small moment-level effects.

On average random prompts were sent to participants 2.8 times per day (SD = .61).
Approximately there were about 4.7-hour (SD = 1.75) difference between random prompts.
Participants completed 10,326 out of 10,444 (98.9%) random prompt assessments possible
across the study period. Participants in the office-based outpatient treatment group
completed a mean of 299.93 random prompts during the 15-week assessment period
(SD=41.29), and those in the treatment elsewhere group completed a mean of 142.12
random prompts during the 8-week assessment period (SD=37.35). We used all available
random prompt data for both treatment groups rather than trying to match the length of the
data because a greater number of assessments can significantly increase the precision of
mean estimates (37).

Sample characteristics

Table 1 summarizes characteristics of the present sample. Approximately 35% (n = 20) of
our participants had chronic pain at baseline. The most prevalent pain site (measured by the
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Brief Pain Inventory [BPI]) was lower back (39.3%). See the Online Supplement Table 1
(pp. 7) for details on the frequency of pain sites. It should also be noted that 50% (n = 28) of
participants reported experiencing at least moderate pain (at least 4 out of 10 from the BPI
average pain severity item) during the past 24 hours. This further supports our rationale for
including the full sample (both individuals with and without chronic pain) in the main
analyses. Except for pain severity and interference, those with only OUD vs. those with
OUD and chronic pain did not differ significantly on baseline characteristics. In addition,
there were no differences in percentage of opioid-positive urine samples during the study
period and average level of opioid craving across the EMA period.

Descriptive statistics for momentary assessments

As shown in Table 2, participants on average reported quite low levels of momentary pain
severity, stress, and opioid craving. Illicit opioid use was reported on 5.2% of random
prompts. ICCs ranged from .19 to .62 at level-3 (between-person level) and ranged from .14
to .22 at level-2 (day-level), indicating there were substantial moment-level variations
among EMA variables. All EMA variables were significantly correlated at the moment level,
but the overall strength of correlations was small.

Momentary pain predicts concurrent opioid craving

The summary of the opioid craving outcome model is presented in Table 3. Momentary pain
severity significantly predicted concurrent opioid craving while controlling for the effects of
momentary stress and negative mood. These findings indicate that when a participant
experienced higher-than-usual pain severity, he or she reported greater opioid craving over
and above the effects of momentary stress and negative mood (each of which was also a
significant predictor of concurrent opioid craving). The momentary pain predictor reduced
moment-level (level-1) variance by 2.7% from a null model that does not include any
predictors. Inclusion of both momentary stress and negative mood in addition to pain
reduced a total of 5.5% moment-level variance in opioid craving.

Momentary opioid craving predicts illicit opioid use measured in the next moment

The summary of the illicit opioid use outcome model is presented in Table 4. When a
participant had reported use of an illicit opioid in the previous randomly prompted entry, he
or she was far less likely to report it in the next entry (OR =.01). Momentary opioid craving
was significantly associated with illicit opioid use assessed in the next randomly prompted
entry (OR = 1.72); for a one-unit increase in the score for momentary craving, there was a
72% increase in the odds of reported illicit opioid use at the next assessment, controlling for
all other covariates. Momentary stress, negative mood, and pain severity were not
significantly associated with illicit opioid use measured in the next assessment, controlling
for opioid craving and previous use.

Rmediation revealed that there was a significant indirect effect of momentary pain severity
on illicit opioid use via opioid craving (point estimate = .015 [95% CI = .003, .032]).
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Exploratory moderating effects of momentary pain severity and chronic-pain status

As presented in Table 5, the concurrent momentary association between stress and opioid
craving was significantly moderated by momentary pain severity, but not by the person-level
predictor chronic-pain status. As shown in Figure 2, simple slope analysis indicated a
significant positive association between momentary stress and opioid craving when the level
of momentary pain severity was 1.5 SD above the day mean (8=.08, SE=.03, p=.01, 95% CI
=.02, .15). However, this association became smaller and not statistically significant when
momentary pain severity was at its day mean (B8=.05, S£=.03, p=.07, 95% CI = -.01, .11)
and 1.5 SD below the mean (B=.03, SE=.03, p=.44, 95% CI = —.04, .09). The concurrent
momentary association between negative mood and opioid craving was not significantly
moderated by either momentary pain severity or chronic-pain status.

Findings of post-hoc analyses

Post-hoc analyses were conducted to test the robustness of the present findings. These are
reported in the online supplementary material (pp. 7).

Discussion

To our knowledge, this is the first study to examine the mediating role of opioid craving in
the prospective association between momentary pain severity and illicit opioid use among
OAT patients. As hypothesized, momentary pain severity was significantly associated with
greater opioid craving, which in turn, significantly predicted illicit opioid use assessed in the
next moment. These effects were robust to controls for negative affect and stress. We also
found that the momentary association between stress and opioid craving was magnified by
greater momentary pain severity, but not by the person-level predictor chronic-pain status.

The role of stress and negative mood on opioid craving has been explicated in several studies
of OAT patients (24,26,29). Our findings suggest pain, too, may be an important risk factor
for opioid craving. In fact, this finding is consistent with a relevant recent finding: higher
daily pain severity was associated with greater opioid craving among chronic-pain patients
without OUD, even after controlling for negative mood (38). Also consistent with the
findings of Martel et al. (38), the effect of momentary pain on opioid craving was small.
Although observing small effects at the within-person level using intensive longitudinal data
is quite common (39-41), whether these small moment-to-moment effects can accumulate
over time and pose a clinically meaningful risk for opioid craving among OAT patients is yet
to be determined.

Our exploratory analysis showed that momentary pain severity also significantly moderated
the association between stress and opioid craving, such that when pain severity was elevated,
the momentary association between stress and opioid craving was amplified. Our study did
not probe the specific mechanisms of these associations. However, prior literature suggests a
possibility: pain may interfere with cognitive inhibitory capacity and/or reward processing
(42). For example, healthy adults experiencing acute pain showed increased risk-seeking
responses and greater preference for immediate monetary rewards (43). Furthermore, in
people with alcohol-use disorder, higher pain severity was associated with greater levels of
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both subjectively and objectively measured impulsivity (44). Future studies may want to
determine whether links between stress, pain, and opioid craving are modulated via
alterations in cognitive inhibition and/or reward processing.

As we anticipated, opioid craving appeared to be the path through which momentary pain
severity led to greater likelihood of illicit opioid use. This result is in accord with findings
that craving is a robust predictor of illicit opioid lapse among OAT patients (20,23).
Although OAT generally reduces opioid craving (21), some patients continue to crave (6).
Thus, it is important to provide additional resources for OAT patients to effectively cope
with craving. Mindfulness-based interventions appear to be particularly promising in that
regard, as they are effective in reducing craving, as well as pain, negative mood, and stress
(45,46). For instance, Mindfulness-Based Relapse Prevention (MBRP) has been
demonstrated to be effective in reducing craving and substance use in people with substance
use disorders (47-49). Another mindfulness-based intervention focused on positive-emotion
enhancement—Mindfulness-Oriented Recovery Enhancement (MORE)—has recently been
found to reduce both craving and pain in patients on methadone maintenance (50).

Our finding that momentary pain indirectly predicted illicit opioid use specifically centered
on dynamic changes in pain: our OAT patients with chronic pain were not more likely
overall to use illicit opioids than those without chronic pain. While the latter finding is
consistent with a number of previous studies (15-17), it is also inconsistent with some other
findings (11,13,14). The reason for these inconsistencies is not clear, but sample
heterogeneity across studies is a plausible contributor. For example, our study lacked
verifiable diagnostic information on chronic pain, rendering the variance associated with the
“chronic pain status” variable largely unexplained. As studies begin to more narrowly define
and assess comorbid chronic pain in OUD, findings may become more consistent. It should
also be noted that although the present study was focused on examining the momentary
associations between pain and illicit opioid use, in order to develop more effective
treatments for individuals with co-morbid chronic pain and OUD, future studies should
examine common risk factors that are associated with the development of this co-morbidity.
For instance, early life stress is a robust prospective predictor of chronic pain development
and substance use disorders (51,52), and a growing body of literature suggests that deficits
in reward processing may be an important mediator of these relationships (53).

Our study has limitations that need to be addressed in future studies. First, the sample size
was relatively small, particularly testing for cross-level interaction (i.e., exploratory chronic
pain status moderation). However, EMA was conducted for an extended period of time (i.e.,
an average of 66 days and 190 random prompt assessments), making the moment-level
findings reliable. Second, assessment of momentary stress and craving were based upon
single items so as to minimize participants’ response burden. Although these measures were
used in our previously published studies, they were not thoroughly validated. To our
knowledge, there are no well-validated gold-standard measures of momentary stress and
craving. Hence, in order to more accurately measure individuals’ momentary experience of
stress and craving, future studies should comprehensively evaluate the psychometric
properties of these brief EMA-specific measures of stress and craving in the context of an
EMA study. Third, the sample of this study is from a single geographical region. Hence, our
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findings may not be generalizable to other OAT clinics in a different geographical region,
which may be associated with different social factors that differentially impact use patterns.
Fourth, potential measurement reactivity (i.e., the notion that EMA can elevate self-
monitoring, which in turn influences the frequency of the behavior that is under investigation
(54)) was not assessed. However, the present study did not reveal any significant changes in
opioid craving and illicit opioid use patterns as a function of time. In addition, a recent
randomized experimental study also demonstrated that daily monitoring of substance use
had either no significant measurement reactivity or had some short-term reactivity (i.e., one
week) depending on the substance use outcomes (55). Fifth, the present study did not
measure diagnostic information on chronic pain. Having this information may have shed
more light on our null findings on chronic pain status’ main effect. For instance, it is an open
empirical question whether individuals with OUD who also have highly disabling chronic
primary pain (e.g., fiboromyalgia) are at greater risk for experiencing opioid craving and
relapse than those with chronic pain with an identifiable pathology (e.g., osteoarthritis).
Lastly, it is unknown in the present study whether participants were able to clearly
distinguish between pain primarily caused by opioid withdrawal and exacerbation of
underlying physical pain due to opioid withdrawal. Future studies should investigate if these
different types of pain can modulate the effect of pain severity on craving and illicit opioid
use among OAT patients.

In conclusion, we did not find strong evidence that OAT patients with chronic pain are at a
greater risk for experiencing higher opioid craving or using more illicit opioids compared to
those without chronic pain. However, we found preliminary evidence that momentary pain is
indirectly associated with illicit opioid use via craving among OAT patients. Further,
exploratory analyses revealed that momentary pain amplified the link between stress and
opioid craving. Our findings suggest that opioid craving remains an important clinical target
for improving OAT outcomes. It is possible, however, that OAT outcomes may be further
improved by helping patients effectively cope with changes in dynamic pain experiences in
addition to opioid craving.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Visual illustration of hypothesized model. Aote. Dotted lines indicate exploratory
moderation effects.
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Slopes and intercepts portraying the effects of momentary pain severity (-1.5 SD, mean, 1.5
SD) on the momentary relations between day-mean centered stress and illicit opioid craving.
Note. The original scale of the y-axis ranges from 1 to 5. A significant positive association
between momentary stress and opioid craving when the level of momentary pain severity
was 1.5 SD above the day mean (B = .08, SE=.03, p=.014, 95% CI = .02, .15). The
association between momentary stress and opioid craving was marginally significant at its
day mean (B=.05, SE=.03, p=.074, 95% CI = -.01, .11). The association between
momentary stress and opioid craving was not statistically significant when momentary pain
severity was 1.5 SD below the mean (B = .03, SE= .03, p= .44, 95% Cl = -.04, .09).
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Sample Characteristics

Table 1.

No Chronic Pain (N=36) Chronic Pain (N=20) p

Age™ 47.92 (9.97) 50.40 (8.12) 35
Sex (% Male) ™ 72.2 80.0 52
Race

% African American 58.3 40.0

% Caucasian 333 60.0 .10

% Other 8.3 0
Education *

% Some HS 111 10.0

% HS degree or GED 722 50.0

% Some College 16.7 30.0 3

% College Grad 0 10.0
Methadone Treatment (%) * 52.8 35.0 20
Positive Urine (%) ** 40.13 (37.32) 36.39 (39.05) 73
Opioid Craving (EMA mean score) ™™ 1.32(.48) 1.31(.43) 91
CES-D Total Score ™ 13.00 (8.56) 12.75 (6.21) 91
BPI Pain Severity * 1.82 (1.98) 4.64 (2.16) <.001
BPI Pain Interference * 2.04 (2.54) 5.09 (2.81) <.001

Note. HS = High School.

*
at enrollment

Aok

during the study
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Table 2

Descriptive statistics and bivariate correlations of study variables

Variables Pain Severity Stress NegativeMood Opioid Craving lllicit Opioid Use
1. Pain Severity - 057 04" 04" 03%
2. Stress - 35*° 07 047"
3. Negative Mood - .06™* 05"
4. Opioid Craving - 06"

5. llicit Opioid Use -

Mean 113 1.56 1.21 1.34 0.05

SD 2.39 0.91 37 0.72 0.22
Observed Range 0-10 1-5 1-4.75 1-5 0-1
ICClevel-3 62 41 52 44 19
ICClevel-2 19 14 22 .15 15

Note. All the level-1 variables were day-mean centered so that the bivariate correlations indicate pure level-1 associations.

*
p<.05

*ok

p<.01
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Table 3

Multilevel model fixed parameter estimates for concurrent opioid craving; outcome

Parameter B SE 95% CI t p

Intercept 1.31 .06 [1.19,1.43] 2157 <001
Momentary Pain Severity; .02 .01 [.01, .04] 2.80 .011
Momentary Stress; 06 .01 [.05, .08] 7.03 <001
Momentary Mood; 18 .03 [.13, 24] 7.05 <.001
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Multilevel logistic regression model fixed parameter estimates for lead illicit opioid uset+; outcome

Table 4

Parameter B SE OR 95% CI t p
Intercept -3.88 .31 .02 [.01, .04] -12.74 <.001
Illicit Opioid Use, -530 1.00 .01 [001,.04] -530 <.001
Momentary Opioid Craving ¢ .54 22 172 [1.12,2.64] 2.46 .014
Momentary Pain Severity; -.10 .05 .90 [.82, 1.00] -1.94 .053
Momentary Stress, .07 18  1.07  [.76,1.51] 41 .682
Momentary Mood, .003 43 1.00 [.43,2.33] .01 .995
Time lapse -03 .02 98 [95101] -161 .108
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Table 5

Page 20

Multilevel model fixed parameter estimates for concurrent opioid craving; outcome with interaction terms

Parameter B SE 95% ClI t p
Intercept 152 .12 [1.29,1.76] 12.89 <.001
Momentary Pain; .02 .01 [.01,.03] 488 <001
Momentary Stress; .05 .03 [-.01,.11] 1.83 .074
Momentary Negative Mood; 16 .06 [.04, .27] 272 .011
Chronic Pain Status (Chronic Pain) -01 .13 [-.26,.24] -.09 931
Sex (Female) -20 13 [-47,.07] -148 144
Study Cohort (TE) -21 .13 [-.48,.05] -164 .106
Momentary Stress, x Momentary Pain Severity; .02 .01 [.00, .04] 1.97 .049
Momentary Stress; x Chronic Pain Status .04 .05 [-.06,.13] .76 451
Momentary Negative Mood; x Momentary Pain Severity; -.01 .02  [-.05,.04] -.44 .663
Momentary Negative Mood; x Chronic Pain Status .02 .09 [-.16,.21] .22 .825

Note. TE = treatment elsewhere in the community.
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