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Abstract

Objective: Risk for prescription opioid addiction is an endemic public health concern, especially 

for adults with chronic pain. This study examined craving as a mediator from pain to opioid use 

outcomes during prescription opioid addiction treatment and tested whether counseling in pain 

coping skills moderated the effects of craving on treatment outcomes.

Method: Secondary analysis on a sample (N = 148) randomized to standard or enhanced 

counseling for 12 weeks with adjunct opioid maintenance medication. Multilevel analyses 

examined mediated effects between weekly pain, craving, and opioid use, and tested the 

interaction between craving and a counseling module on pain coping skills.

Results: Greater pain predicted greater craving (β = 0.25, p < .001), which predicted next-week 

opioid use (β = 0.17, p < .001). A statistically significant indirect effect of craving (β = 0.04, 95% 

CI [0.02, 0.06]) mediated 95% of the total effect from pain to opioid use. A significant interaction 

(b = −0.22, p < .01) revealed that after receiving the pain coping module, the association between 

craving and next-week opioid use was reduced, with greater exposure to the module associated 

with stronger effects (b = −0.12, p < .01).

Conclusion: More severe pain predicts greater opioid use due to the association between pain 

and cravings. Pain coping skills counseling suppressed the association between cravings and 

opioid use. For adults with chronic pain receiving treatment for prescription opioid addiction, 

interventions that address cravings through behavioral pain coping skills may be crucial for 

achieving optimal treatment outcomes.
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Prescription opioid abuse is an endemic public health concern with the prescribing of 

opioids, opioid-related overdoses, and reported opioid use disorders increasing significantly 

over the past two decades (Substance Abuse and Mental Health Services Administration, 

2014; Sullivan & Howe, 2013). Chronic pain patients are particularly vulnerable to 

developing prescription opioid addiction, as they are often prescribed opioids at high doses 

and for long durations (Garland, Froeliger, Zeidan, Partin, & Howard, 2013; Sullivan et al., 

2008; Sullivan & Howe, 2013). Empirically supported interventions exist for treatment of 

prescription opioid addiction, but these treatments have low to moderate effect sizes, and 

often have low rates of retention and completion (Ehde, Dillworth, & Turner, 2014; Veilleux, 

Colvin, Anderson, York, & Heinz, 2010; Williams, Eccleston, & Morley, 2012). Research 

that identifies risk factors that contribute to suboptimal treatment outcomes should be 

conducted to help clinicians specify the best targets for prevention and treatment. 

Furthermore, if studies can identify specific elements of therapies that moderate the impact 

of such risk factors, it would assist in creating more useful and targeted treatments for 

individuals with prescription opioid addiction and chronic pain.

Craving is one proximal marker that may have a significant impact on treatment outcomes 

for individuals with prescription opioid addiction and chronic pain. Severity of craving is 

implicated in the diagnosis of substance use disorders (SUDs), severity of addiction, and risk 

of relapse across multiple substances of abuse (MacKillop et al., 2010; McHugh et al., 2014; 

Witkiewitz & Bowen, 2010). In adults who use prescription opioids, craving is related to a 

host of negative outcomes including increased fluctuations in mood, greater desire and 

intention to use prescription opioids, and increased risk of relapse during and following 

treatment (Ashrafioun & Carels, 2014; Huhn et al., 2016; McHugh et al., 2014; Northrup et 

al., 2015; Tsui, Anderson, Strong, & Stein, 2014). Similar negative effects of craving have 

been identified in chronic pain patients who are prescribed opiates for pain, such that 

increased craving is associated with increased preoccupation with next dose, greater rates of 

aberrant medication use, increased rates of opioid use, and pain catastrophizing (Martel, 

Jamison, Wasan, & Edwards, 2014; Wasan et al., 2009, 2012). For those with comorbid 

chronic pain and prescription opioid abuse, increased pain severity is associated with 

increased odds of subsequent week opioid use and is also associated with greater craving 

and increased risk of relapse during treatment (Griffin et al., 2016; Tsui et al., 2016). 

Interventions that explicitly target cravings or their antecedents are promising new 

interventions for treatment of SUDs (Witkiewitz & Bowen, 2010; Witkiewitz, Bowen, 

Douglas, & Hsu, 2013). In order to develop better treatments for prescription opioid 

addiction in chronic pain patients, the antecedents, consequences, and clinical impact of 

fluctuations in craving must be better understood.

For both researchers and clinicians, the identification of optimal treatment approaches for 

adults with prescription opioid addiction and chronic pain is a major priority. 

Buprenorphine-naloxone (BUP-NLX) is one recommended pharmacotherapy with empirical 

support for reducing opioid use and achieving adequate pain control for individuals with 

chronic pain who are diagnosed with an opioid use disorder (Neumann et al., 2013; Weiss et 

al., 2011, 2015). Some behavioral interventions, such as cognitive-behavioral therapy, have 

also been effective in decreasing pain severity and opioid misuse among chronic pain 

patients currently prescribed opioids (Ehde et al., 2014; Garland, Thomas, & Howard, 2014; 
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Williams et al., 2012). These interventions typically target maladaptive thoughts and 

behaviors that perpetuate the pain cycle, such as pain catastrophizing and behavioral 

deactivation. Access to such evidence-based interventions has also been improved by the 

development of primary care-based interventions that target either substance use or chronic 

pain (Oslin et al., 2014; Wetherell et al., 2011), although a comprehensive standard of care 

for co-occurring chronic pain and prescription opioid addiction does not currently exist. 

Furthermore, relapse commonly occurs even in the midst of high-quality pharmacological 

and behavioral treatment, and continued pain and craving may be factors that impact the 

success of treatment outcomes (Ehde et al., 2014; Veilleux et al., 2010). In order to 

maximize the benefit of behavioral interventions for this population, a crucial goal for 

research is to examine the mechanisms involved in poor treatment outcomes and to identify 

aspects of treatment that may mitigate these factors.

The current study investigated a sample of adults treated for prescription opioid addiction 

with 12 weeks of BUP-NLX and counseling. Previous studies of this sample revealed that 

chronic pain did not predict opiate use outcomes or moderate the effect of treatment 

condition (Weiss et al., 2011, 2015). However, greater baseline pain severity did predict 

greater odds of opioid dependence at an 18-month follow up as well as predicted next-week 

opioid use in subjects with chronic pain (Griffin et al., 2016; Potter et al., 2015). Next-week 

opioid use in the full sample was also predicted by greater time-varying craving (McHugh et 

al., 2014). These prior studies demonstrated the significance of pain severity and craving in 

this sample but did not examine the relationship between pain and craving as well as their 

effects on opioid use for individuals with chronic pain within a unified model. Therefore, we 

conducted the current study which had two major aims. The first aim was to examine a 

hypothesized mediational relationship between higher levels of pain, craving, and opioid use 

to determine whether the mediated effects of pain through craving would explain worse 

treatment outcomes in this population. The second aim was to determine whether counseling 

in behavioral pain coping skills would moderate these effects. Specifically, we tested the 

hypothesis that receiving a counseling module on behavioral pain coping would attenuate 

the maladaptive effects of the pain-craving pathway. Given the neurobiological immediacy 

in which pain can initiate opioid craving (Evans & Cahill, 2016; Navratilova et al., 2012), 

we hypothesized that the intervention would facilitate extinction of the conditioned opioid 

use response via the use of behavioral pain coping strategies. We hypothesized that 

behavioral pain coping would solely attenuate the craving-opioid use pathway as pain 

coping strategies offered individuals an alternative to opioid use when they experienced 

pain.

Method

Study Design

This institutional review board-exempt study was a secondary analysis of public data from 

the Prescription Opioid Addiction Treatment Study (POATS), a multisite, randomized 

clinical trial for the treatment of prescription opioid abuse. From the original adaptive two-

phase trial, we examined only Phase 2 in which participants who failed to sustain abstinence 

after a 4-week BUP-NLX detoxification were rerandomized to standard medical 
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management (SMM) or enhanced medical management (EMM). For 12 weeks of treatment 

participants received adjunct BUP-NLX maintenance and attended weekly clinic visits to 

complete assessments, receive medication refills and adjustments, and attend counseling 

sessions. For a complete overview of the study design and main findings please refer to 

previous reports (Weiss et al., 2010, 2011). The current study only utilized data from the 

Phase 1 baseline visit, the Phase 2 randomization visit, and the 12 weeks of active treatment 

delivered in Phase 2.

Study Intervention

Individuals randomized to the SMM condition received manual-based SMM during 

physician visits (O’Connor et al., 1998; Weiss et al., 2011). Broadly, SMM consisted of 

physicians assessing substance use, craving, and BUP-NLX response, recommending 

abstinence, and referring patients to self-help groups. Those randomized to EMM received a 

manual-based intervention for opioid dependence counseling delivered by a trained 

substance abuse or mental health counselor including drug counselors, psychologists, social 

workers, or nurses (Pantalon, Fiellin, Schottenfeld, Gordon, & O’Connor, 1999; Weiss et al., 

2011). EMM sessions involved education and discussion on one of the 13 available modules 

with topics selected collaboratively by counselor and participant and modules could be 

repeated if so desired. Examples of topics available included warning signs of relapse, 

handling triggers, and managing emotions. The pain skills module involved a brief 

introduction to cognitive-behavioral coping skills for managing physical pain including; 

relaxation, pacing, engagement in pleasurable activities, and cognitive restructuring of pain 

catastrophizing. Participants were also provided with a manual for reference of concepts 

discussed during this session.

Participants

Individuals enrolled in the original POATS study were at least 18 years old, diagnosed with 

Diagnostic and Statistical Manual of Mental Disorders (4th ed.; DSM–IV; American 

Psychiatric Association, 1994) current opioid dependence, physically dependent on opioids, 

not dependent on other substances, and had no unstable medical or psychiatric conditions. 

Key exclusion criteria included heroin use on over 4 days in the past month, opioid 

dependence for heroin alone, lifetime heroin injection, current participation in formal 

substance use treatment (other than self-help groups), or any major pain event within the 

past 6 months. A full list of inclusion/exclusion criteria and a detailed explanation of the 

study timeline are described in the primary study findings (Weiss et al., 2011). For Phase 1 

of the trial 653 participants were randomized, and Phase 2 involved rerandomization of 

participants (N = 360) who had unsuccessful opioid use outcomes following Phase 1.

For the current study, our sample includes the participants from Phase 2 who reported having 

chronic pain at the original baseline assessment conducted prior to Phase 1 randomization 

(N = 148). The sample was evenly split between the SMM and EMM treatment conditions 

(n = 74 in each). Within this sample participants were predominantly male (55%), White 

(87.9%), and unmarried (69.8%), with an average of 12.8 (SD = 2.37) years of education. 

Lifetime use of heroin was reported by 24% of the sample, 34% had received prior 

prescription opioid treatment, and participants used prescription opioids for a mean of 27.9 
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(SD = 3.8) of the past 30 days. Additional demographic and sample characteristics by 

treatment condition are provided in Table 1.

Measures

Opioid use.—Opioid use was assessed at baseline and at weekly study visits using the 

Substance Use Report, a calendar-assisted interview similar to the timeline follow-back 

procedure (Sobell & Sobell, 1992). Raw data were used to code each available day from 

baseline to the Week 12 visit as positive if participants reported using any type of opioid 

(i.e., prescription analgesics, illicit opioids, methadone). Raw data were aggregated to 7-day 

intervals to compute the outcome variable of number of opioid use days computed for each 

7-day interval. Urine drug screens were used to corroborate self-report, with weeks without 

drug screen results treated as missing. In the event the week contained a positive drug screen 

result but no use was reported, multiple imputation was used to compute the drug use 

variable. As compared with other secondary studies of this dataset that coded weeks as “use 

or “no use” (Griffin et al., 2016; McHugh et al., 2014), allowed analyses conducted to 

maximize the information available in the dataset by examining a dimensional outcome.

Pain and craving.—Participants reported their current pain rating from 0–10 using an 

abbreviated version of the Brief Pain Inventory (BPI)—Short Form (Keller et al., 2004). 

Current craving for opioids was assessed on a 0–10 scale using a visual analogue scale 

(VAS; Carlsson, 1983). Each variable was assessed at weekly study visits and used as time-

varying predictors in this study. We utilized the single item from each measure that captures 

the rating of current severity as other items on the abbreviated BPI and VAS did not match in 

their frame of reference This approach provided the most pure and direct way to capture the 

association between craving and pain.

Counseling participation.—For each EMM session the module used in the session was 

recorded. We used this EMM module data to compute a dichotomous, time-varying variable 

for each week indicating whether the participant had received the pain coping module at that 

point in time. We also computed a time-varying count of the cumulative number of pain 

coping sessions received at each week and an ordinal variable indicating whether the module 

was received 0, 1, or ≥2 times. These separate indicators were created to allow us to 

separately test the effects of any exposure to the pain coping module as well as the dose of 

exposure.

Of the 74 subjects in the EMM condition, just over 40% (n =30) received the pain coping 

module. Of these 30 subjects, just over half (n = 16) received the module exactly once with 

the rest receiving it 2–6 times. The average week of first exposure to the module was 

halfway through treatment at Week 6 (M = 6.1, SD = 3.3), but the timing of first delivery of 

the module varied considerably with 33% receiving it in Weeks 1–4, 47% in Weeks 5–8, and 

20% in Weeks 9–12.

Baseline covariates.—Items from several baseline measures were tested as covariates of 

opioid use and as potential confounders of person-level differences between participants 

who did and did not receive the pain coping module. We took a liberal approach in selecting 
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a broad range of covariates to identify any potential pretreatment differences between 

participants who received the pain module and those who did not, so that statistical models 

could control for these factors. Baseline covariates included sex, race, and marital status 

from a demographics questionnaire, past-week opioid use from the Substance Use Report, 

opioid craving from the VAS, total withdrawal score from the Clinical Opiate Withdrawal 

Scale, initial BUP/NLX dose, and lifetime major depression from the Composite 

International Diagnostic Interview (Robins et al., 1988; Wesson & Ling, 2003). Covariates 

from the Brief Pain Inventory Short-From (BPI-SF) included the general pain interference 

item and current pain rating. From a structured pain and opioid interview developed for 

POATS covariates included past 30-day opioid use, prior heroin use, nonoral use of opioids, 

pain frequency, opioid of choice (short-acting, oxycontin, or other), duration of chronic pain, 

duration of nonmedical opioid use, and three items on self-reported expectancies to benefit 

from medication, to benefit from counseling, and for pain to improve.

Data Analysis

The study hypotheses were tested using multilevel models which allow repeated measures of 

both outcome variables and time-varying covariates, including of person-level and time-level 

covariates in the same model, and inclusion of all available data using maximum likelihood 

estimation (Schafer & Graham, 2002). Preliminary analyses did not reveal violations of the 

missing-at-random assumption, thus maximum likelihood estimation was used. All models 

used random subject-level intercepts. The primary outcome variable was self-reported opioid 

use assessed weekly during the treatment phase (Weeks 1 to 12). Preliminary analyses 

compared baseline covariates between EMM subjects who received the pain coping module 

(n = 30) and those who did not (n = 44) using one-way analysis of variance for continuous 

variables and chi-square tests for categorical variables. Effect sizes for these tests were also 

examined, given the small sample sizes of the groups. Using the full sample, preliminary 

models tested each baseline covariate as a predictor of weekly opioid use, with statistically 

significant covariates (p < .05) retained for final models. All multilevel models controlled for 

counseling condition, time, previous-week opioid use, and receipt of the pain coping 

module. Continuous data were transformed to mean-centered z scores prior to analyses and 

all statistical analyses were conducted in Stata 14.2 (StataCorp, 2016).

The main analyses, which included our full sample (N = 148), were conducted to examine 

two distinct hypotheses. The first hypothesis was that craving would mediate the effects of 

pain on opioid use. To examine this hypothesis we tested a multilevel mediation model 

(Krull & MacKinnon, 2001) with pain as a time-varying predictor of time-varying craving, 

and then a model with craving as a time-varying predictor of time-varying future opioid use, 

controlling for pain and other covariates. All models paired pain and craving with 

subsequent (i.e., “next week”) opioid use to establish temporal precedence of mediation. We 

tested statistical significance of mediation by estimating the indirect effect with 95% 

confidence intervals (CIs) estimated using bias-corrected bootstrap with 1,000 replications. 

The second hypothesis was that the pain coping module would moderate the effects of 

craving on opioid use. For this hypothesis, the model of next-week opioid use included 

baseline covariates, previous opioid use, pain, craving, the pain coping module indicator, and 

an interaction term between pain coping module and craving (Figure 1). Additional analyses 
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were conducted to test additional mechanism of change criteria (Kazdin & Nock, 2003). To 

test dose-response effects the moderation model was repeated, replacing the dichotomous 

pain coping module variable with the count of pain coping module sessions. Specificity was 

examined by controlling for total therapy attendance to test whether moderation persisted 

when controlling for total treatment exposure. An additional interaction model was tested 

within the pain module recipient subsample (n = 30) which provided a direct test of the 

within-person interaction effect by removing nonrecipients from the model. For all 

interaction effects, simple slopes were estimated using the postmodel margins command in 

Stata to obtain average marginal effects.

Results

Covariate Analyses

In preliminary analyses of 21 baseline covariates there were no significant differences 

between recipients and nonrecipients of the pain coping module on any variables, including 

initial BUP-NLX dose, pain rating, withdrawal score, duration of chronic pain, or duration 

of prescription opioid use. Only three variables (baseline opioid use, duration of chronic 

pain, baseline pain severity) had effect size differences greater than d = 0.20, and of these 

variables, only baseline opioid use predicted opioid use in the predictive models (b = 0.07, p 
< .001). Preliminary covariate analyses identified only one other significant baseline 

covariate with greater expectancies for study medication predicting more opioid use (b 
=0.07, p < .05). As such, previous-week opioid use (which included baseline opioid use) and 

medication expectancies were controlled for in all subsequent analyses.

Mediation of Prescription Opioid Use

In the model of time-varying craving (model R2 = 0.61), greater time-varying pain 

significantly predicted greater craving (β = 0.25, p < .001), indicating that pain and craving 

had a strong, positive association (Figure 2). Of the remaining model variables treatment 

week significantly predicted craving, with a significant reduction in craving over time (b = 

−0.04, p < .001), and greater past-week opioid use predicted greater craving (β = 0.33, p 
< .001). Craving was not significantly predicted by EMM condition, pain coping module, or 

medication help expectancy.

In the model of time-varying opioid use (model R2 = 0.63), greater time-varying craving 

significantly predicted greater next-week opioid use (β = 0.17, p < .001), indicating that 

craving had a strong, prospective effect on future opioid use (see Figure 2). The only other 

significant predictor of opioid use was past-week opioid use, which was positively 

associated with subsequent opioid use (β = 0.25, p < .001). Opioid use was not significantly 

predicted by other model variables, including time-varying pain (β = 0.005, p = .82), pain 

coping module (b = −0.07, p = .35), or treatment week (b = 0.01, p = .17).

In combination, the above results suggest craving mediated the effect of pain on opioid use, 

but a formal mediation test is recommended to provide statistical evidence of a significant 

indirect effect. Results of a bias-corrected bootstrap analysis indicated that the indirect effect 

from pain to craving to opioid use was statistically significant, β = 0.04, 95% CI [0.02, 
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0.06]. A summary of model results is provided in Table 2. Additionally, the proportion of the 

total effect explained by the indirect effect was 95%, suggesting that the relationship 

between pain and opioid use was almost completely mediated through craving. We estimated 

R2 = 0.02 for the total effect of pain and craving on opioid use, suggesting that 

approximately 1.9% of the variance in opioid use was explained by the indirect effect.

Moderation of Craving Effects on Prescription Opioid Use

Moderated mediation analyses tested whether the effects of craving on opioid use were 

attenuated by receiving the pain coping module. Results showed that the interaction between 

pain coping module and craving was negative and statistically significant (b = −0.22, p 
< .01, model R2 = 0.72). As shown in Figure 3, in weeks that occurred after subjects had 

received the pain module, there was a reduced association between craving and future opioid 

use. Simple slopes analysis revealed a significant effect of craving when the module had not 

been received (b = 0.24, p < .001), but after receiving the module there was no significant 

effect of craving (b = 0.02, p = .80). Additional analyses conducted within the pain module 

recipients only (n = 30) estimated a similar effect size and statistically significant interaction 

(b = −0.28, p < .001, model R2 = 0.75). Simple-slopes analysis revealed a significant effect 

of craving when the module had not been received (b = 0.48, p < .001), but after receiving 

the module there was no significant effect of craving (b = 0.20, p = .06). This analysis 

indicates the Pain Module × Craving interaction occurred within subjects and was not due to 

differences between module recipients and nonrecipients. Additionally, when we controlled 

for week of the first pain module session (main effect and interaction with craving) to 

explore the potential confound of differential timing of module exposure, the pain module 

interaction effect remained significant while the effects of session timing were not.

Mechanism of Change: Dose-Response and Specificity

Further analyses tested additional criteria for mechanisms of change, including dose-

response effects and specificity. Results revealed a significant interaction between the 

number of pain coping module sessions and craving (b = −0.12, p < .01, model R2 = 0.72), 

such that a larger “dose” of the pain coping skills counseling module was associated with a 

greater attenuation of craving’s effects on opioid use. As shown in Figure 3, similar results 

were observed when testing pain coping sessions as an ordinal variable indicating receipt of 

the model never, once, or more than once (b = −0.16, p < .01, model R2 = 0.72). We also 

examined specificity of the pain module effect by repeating the moderation analyses when 

controlling for total EMM session count to determine if findings could be attributed to a 

larger amount of EMM in general. When controlling for total EMM exposure, receipt of the 

pain coping module still attenuated the effects of craving on opioid use (b = −0.27, p < .01 

model R2 = 0.70.), while greater total EMM exposure also significantly predicted lower 

levels of opioid use (b = −0.02, p < .05).

Discussion

This study examined relations between pain, craving, and a behavioral therapy that 

explained opioid use outcomes in adults with chronic pain and prescription opioid addiction. 

Treatment of prescription opioid addiction in adults with chronic pain is often challenging 
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(Højsted & Sjøgren, 2007; Turk, Swanson, & Gatchel, 2008). Therefore, we conducted this 

study to identify mediators and moderators that explained variability in treatment outcomes 

in this population. Findings indicated that greater pain predicted greater subsequent use of 

opioids through the mediating effects of opioid craving. Furthermore, we found that the 

effects of craving on opioid use were attenuated after receiving a counseling module 

designed to improve behavioral pain coping skills. The effect of this interaction was so large 

that greater cravings no longer predicted opioid use after receiving the module, but greater 

cravings continued to predict opioid use if the pain coping skills module was never received. 

These findings provide the first known empirical evidence that, in adults with chronic pain 

and prescription opioid addiction, the risk for poor treatment outcomes associated with 

ongoing pain is largely due to cravings. Additionally, this maladaptive effect of craving 

could be mitigated by relatively brief counseling in behavioral pain coping skills.

Craving is a clinically significant aspect of SUD etiology and treatment. Prior studies of 

prescription opioid use found associations between pain, craving, severity of opioid use 

disorder, and relapse during treatment (Griffin et al., 2016; Northrup et al., 2015; Potter et 

al., 2015; Tsui et al., 2016). While prior studies of adults prescribed opioids for chronic pain 

have linked craving to a number of negative outcomes including aberrant drug behavior, 

abnormal urine drug screens, and pain catastrophizing (Martel et al., 2014; Wasan et al., 

2009), our findings extend this knowledge to adults with chronic pain receiving treatment for 

prescription opioid addiction. Our study provides evidence that cravings mediate the effects 

of pain and present ongoing risk for opioid use even during opioid maintenance therapy. We 

observed a large mediated effect size between pain, craving, and future opioid use. This 

finding suggests that in chronic pain patients receiving treatment for opioid addiction, 

ongoing pain presents risk for future opioid use, and that this risk is primarily due to 

associated craving which has implications for treatment. For this population, ongoing pain 

during treatment may not impact future opioid use unless it is accompanied by ongoing 

opioid cravings. Ongoing pain accompanied by craving may be useful as an observable 

marker of poor treatment progress and should be addressed with tailored clinical approaches.

Prior studies provide empirical support for SUD interventions that target cravings either 

directly by reducing their frequency or intensity, or indirectly by attenuating the stimulus-

response connection between craving and substance use (Bowen & Marlatt, 2009; Ehde et 

al., 2014; Wasan et al., 2012; Witkiewitz et al., 2013). The curriculum in the enhanced 

counseling condition of this sample included a session module on pain coping skills and we 

investigated whether the effects of craving on opioid use would be reduced after receiving 

this session. In the weeks following exposure to the pain coping module, the strong 

association between craving and future opioid use was nearly eliminated. Furthermore, 

additional repetitions of this module were associated with a greater reduction in the effects 

of craving, and this interaction was independent of greater attendance at counseling, in 

general. Unfortunately, we cannot draw causal inferences regarding the effects of the pain 

module, as exposure to this module was not randomized. However, the presence of a 

prospective, specific, dose-response effect of the pain coping module meets the most 

rigorous nonexperimental criteria established for evaluating a hypothesized mechanism of 

change (Kazdin & Nock, 2003; Longabaugh, 2007; Nock, 2007). These findings therefore 

provide preliminary empirical evidence to support behavioral pain coping skills as a 
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beneficial treatment target for individuals with prescription opioid addiction and chronic 

pain. Interestingly, our findings do not imply behavioral pain coping will improve treatment 

outcomes via direct reduction in pain, as the pain coping module did not have significant 

direct effects on pain. Instead, the data suggest pain coping counseling may provide useful 

tools for this population to cope with cravings when they occur.

Although our findings should be considered preliminary, they may be useful in informing 

clinical practice and research in co-occurring prescription opioid addiction and chronic pain. 

In this sample the associations between pain and craving were relatively strong, comparable 

to a medium effect size. Still, the variance in these two measures did not overlap completely, 

and future studies may wish to investigate the processes that explain why some adults with 

chronic pain and opioid addiction experience stronger associations between pain and opioid 

cravings. In this study opioid maintenance therapy reduced overall cravings to a low level, 

but moderate cravings persisted in a subset of the sample. Future research may also seek to 

explain the underlying reasons that cravings persist in a subset of patients during opioid 

maintenance treatment. Our study suggests that when pain and cravings continue despite 

opioid substitution treatment, provision of counseling in pain coping skills may be useful in 

limiting risk for opioid use, with repeated exposure to such skills associated with greater 

reduction in risk. Prior research has also demonstrated the efficacy of delivering substance 

use or chronic pain interventions in primary care (Oslin et al., 2014; Wetherell et al., 2011), 

and our findings suggest future randomized studies may wish to test the efficacy of brief 

interventions focused on behavioral pain coping skills in adults with chronic pain and 

prescription opioid addiction. Such primary care-based interventions might be especially 

useful for both treatment and prevention in this population as chronic pain patients are 

predominantly treated within the primary-care setting (Guck, Burke, Rainville, Hill-Taylor, 

& Wallace, 2015; Haibach, Beehler, Dollar, & Finnell, 2014; Pade, Cardon, Hoffman, & 

Geppert, 2012). Finally, over half of the EMM group in this sample did not elect to receive 

the behavioral pain coping skills module, despite having chronic pain. This low level of 

exposure may indicate issues with desirability of behavioral pain treatment in this population 

which warrants additional examination.

Our findings should be considered in light of several limitations. This study was a secondary 

analysis to test aims that were not a primary focus of the original clinical trial. The most 

important limitation is that participants in EMM were not randomized to receive the pain 

module, and coverage of pain coping skills during treatment was subject to a collaborative 

decision by the counselor and participant. Therefore, although results from a number of 

different within-subjects analyses are supportive of the pain coping session having beneficial 

effects, it is possible that unobserved factors may have played some role in these results, and 

we cannot definitively conclude that receipt of the module itself caused moderation of 

craving effects. These findings should therefore be considered preliminary and require 

replication from an experimental design. The study sample did not have a broad range of 

ethnic diversity, which limits the generalizability of these findings. Pain and craving were 

both assessed using a single item assessed once per week. While effect sizes of results were 

promising given these single-item measures, both pain and craving are complex and 

dynamic, and future work in this area might benefit from measures that better capture the 

fluidity in these constructs. The original study was conducted in an established research 
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network which may not accurately represent clinical practice in real-world settings, and the 

integrity of the treatments delivered is unknown. Finally, we found promising effects of a 

single behavioral pain coping skills module, but in the context of a multiweek counseling 

protocol along with weekly BUP-NLX management. Thus, further research is needed to 

confirm whether pain coping or other individual components of the intervention would be 

effective when delivered in isolation, brief formats, or without adjunctive pharmacotherapy.

In summary, findings from this study suggest that in adults with chronic pain receiving 

treatment for prescription opioid addiction, persistent and more severe pain is associated 

with opioid use during treatment primarily via the mechanism of increased cravings. In this 

population, counseling in pain coping skills may be effective in limiting the maladaptive 

impact of opioid cravings. Future research should confirm these findings by direct 

experimentation that tests the causal effects of interventions that target specific skills and 

comorbidities, which may be useful in deploying therapies to more accessible settings such 

as primary care. Dissemination of such optimized interventions will strengthen the overall 

public health capacity to prevent and treat prescription opioid addiction.
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What is the public health significance of this article?

For persons with chronic pain receiving treatment for prescription opioid addiction, our 

study suggests pain-related cravings increase risk for continued opioid use. Results also 

suggest that counseling in behavioral pain coping skills reduces this risk.
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Figure 1. 
Depiction of proposed moderated mediation model of pain, craving, and opioid use, with 

emphasis on primary effects of interest
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Figure 2. 
Standardized self-reported craving for opioids, pain, and opioid use in opioid-addicted 

chronic pain patients (N = 148). Greater pain rating was associated with greater reported 

opioid craving and greater opioid craving was associated with greater reported opioid use.
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Figure 3. 
Standardized self-reported opiate use and craving for opioids by treatment condition and 

frequency of module engagement in opioid-addicted chronic pain patients (N = 148). 

Patients who received the pain coping module reported reduced opiate use and craving 

relative to those that did not receive the module and additional module repetitions increased 

these reductions.
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Table 2

Summary of Model Results

Outcome variable

Mediation models

Moderated mediation model: Past-week opioid use (β)Craving (β) Past-week opioid use (β)

Treatment group (EMM vs. SMM) −.03 −.06 −.08

Treatment week −.04*** .01 .01

Medication help expectancy .03 .03 .04

Pain coping module −.08 −.02 −.10

Lagged opioid use .33*** .25*** .16***

Lagged pain .25*** −.001 .01

Lagged craving .17*** .24***

Lagged Craving × Pain Module −.22*

Note. EMM = enhancement medication management; SMM = standard medication management.

*
p < .05.

***
p < .001.
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