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Abstract

Background: Chronic pain is common, disabling, and costly. Few clinical trials have examined 

cognitive behavioral therapy (CBT) interventions embedded in primary care settings to improve 

chronic pain among those receiving long-term opioid therapy.

Objective: To determine the effectiveness of a group-based CBT intervention for chronic pain.

Design: Pragmatic, cluster randomized controlled trial. (ClinicalTrials.gov: NCT02113592)

Setting: Kaiser Permanente health care systems in Georgia, Hawaii, and the Northwest.

Participants: Adults (aged ≥18 years) with mixed chronic pain conditions receiving long-term 

opioid therapy.

Intervention: A CBT intervention teaching pain self-management skills in 12 weekly, 90-

minute groups delivered by an interdisciplinary team (behaviorist, nurse, physical therapist, and 

pharmacist) versus usual care.

Measurements: Self-reported pain impact (primary outcome, as measured by the PEGS 

scale [pain intensity and interference with enjoyment of life, general activity, and sleep]) was 

assessed quarterly over 12 months. Pain-related disability, satisfaction with care, and opioid and 

benzodiazepine use based on electronic health care data were secondary outcomes.

Results: A total of 850 patients participated, representing 106 clusters of primary care 

providers (mean age, 60.3 years; 67.4% women); 816 (96.0%) completed follow-up assessments. 

Intervention patients sustained larger reductions on all self-reported outcomes from baseline to 

12-month follow-up; the change in PEGS score was −0.434 point (95% CI, −0.690 to −0.178 

point) for pain impact, and the change in pain-related disability was −0.060 point (CI, −0.084 to 

−0.035 point). At 6 months, intervention patients reported higher satisfaction with primary care 

(difference, 0.230 point [CI, 0.053 to 0.406 point]) and pain services (difference, 0.336 point [CI, 

0.129 to 0.543 point]). Benzodiazepine use decreased more in the intervention group (absolute 

risk difference, −0.055 [CI, −0.099 to −0.011]), but opioid use did not differ significantly between 

groups.

Limitation: The inclusion of only patients with insurance in large integrated health care systems 

limited generalizability, and the clinical effect of change in scores is unclear.
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Conclusion: Primary care–based CBT, using frontline clinicians, produced modest but sustained 

reductions in measures of pain and pain-related disability compared with usual care but did not 

reduce use of opioid medication.

Primary Funding Source: National Institutes of Health.

Chronic pain is one of the most common, debilitating, and refractory conditions facing 

primary care providers (PCPs) (1–3). Many patients with chronic pain have multisite pain 

and comorbid medical and mental health disorders, which increase management challenges 

(4–6). Opioids have historically been touted as a solution to long-term management, despite 

the lack of rigorous evidence. This approach created a host of patient and societal adverse 

effects (7–9). Consequently, viable nonopioid options for long-term management of chronic 

pain in primary care are needed (2, 10).

Although studies suggest that multimodal approaches to chronic pain care are safe and 

effective in reducing pain and improving function (11–15), most studies have focused on 

patients with specific types of chronic pain rather than those with broader chronic pain 

conditions seen in primary care, have relied on specialty-trained clinicians, and have lacked 

geographic diversity. To our knowledge, none exclusively targeted patients with chronic pain 

who are receiving long-term opioid therapy or encouraged PCPs to prioritize their most 

challenging patients—often perceived to be those with numerous medical or mental health 

comorbid conditions, high health care use, benzodiazepine use, and resistance to opioid 

tapering (16).

The purpose of this study was to compare a cognitive behavioral therapy (CBT) intervention 

embedded in primary care versus usual care for treating chronic pain among patients 

receiving long-term opioid therapy. The primary hypothesis was that patients who received 

the intervention would have greater reduction in pain impact—a composite of pain intensity 

and interference—at 12 months of follow-up (approximately 8 months after treatment) than 

those receiving usual care. Our secondary hypotheses were that patients who received the 

intervention would have greater reductions in pain-related disability, improved satisfaction 

with primary care and pain-related services, and reduced opioid and benzodiazepine use. In 

addition, the study assessed the intervention’s cost-effectiveness and effect on health care 

use; these secondary outcomes will be reported elsewhere.

Methods

The PPACT (Pain Program for Active Coping and Training) study was a pragmatic, 

cluster randomized trial comparing a primary care–embedded, interdisciplinary, behavioral 

intervention versus usual care for treating chronic pain among patients receiving long-term 

opioid therapy (ClinicalTrials.gov: NCT02113592). This pragmatic trial was designed to 

suit primary care needs (16, 17). Patients with a range of pain conditions were eligible, 

and exclusions were minimized. Existing staff in participating health care systems delivered 

the intervention, and use of nonstudy therapies was not restricted. Outcomes included 

patient-reported assessments typically used in primary care and health care use data 

available in electronic health records. Participants were contacted for follow-up regardless of 

intervention adherence or continued insurance coverage.
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Setting and Participants

The PPACT study was done in 3 Kaiser Permanente (KP) health care regions (Georgia, 

Hawaii, and Northwest). Institutional review boards at all sites retained oversight and 

approved trial procedures. The Supplement (available at Annals.org) contains the trial 

protocol, including a description of modifications.

Primary care clinics from the 3 KP regions were invited to participate from 2014 through 

2016. The methods for recruiting and enrolling PCPs from these clinics are described 

elsewhere (16). Potentially eligible patients were paneled to a participating PCP and met 

the following criteria: age 18 years or older, at least 180 days of KP coverage, at least 

2 dispensings of long-acting opioids during the prior 6 months or a cumulative supply 

of short-acting opioids of at least 90 days during 4 months in the same period, and any 

pain diagnosis during the previous year (18). Exclusion criteria were 2 or more cancer 

diagnoses and an oncology encounter during the prior 60 days, hospice or end-of-life 

palliative care within the past year, current addiction treatment or substance dependence 

diagnosis, and cognitive impairment precluding participation. Recruitment prioritized the 

following patients, whom the health care systems identified as high-need: those receiving 

higher-dose opioids (≥120 morphine milligram equivalents [MME]), concurrent recipients 

of benzodiazepines, and high users of primary care (16). Potentially eligible patients 

were mailed a letter describing the study, followed by telephone contact to assess study 

interest and eligibility (pain interference with general activity ≥4 on an 11-point scale). 

Verbal consent was obtained by telephone (16). No compensation was provided for study 

participation.

Randomization and Blinding

Participating PCPs were grouped into clinic-based clusters of 1 to 6 providers, according to 

patient panel size, and were randomly assigned before the start of patient recruitment for 

the cluster. Randomization and recruitment occurred in 20 waves between March 2014 and 

February 2017 (16). The study team was blinded to group assignment until after recruitment 

for the wave was complete. Study outcomes were collected by blinded, trained assessors.

Intervention

The 3-month, primary care–based, CBT intervention was designed for delivery by an 

interdisciplinary team of a behavioral health specialist, nurse care manager, physical 

therapist, and pharmacist, working in collaboration with PCPs. In practice, staffing varied 

across settings for behavioral health and nursing, depending on clinical staff availability 

and system operations. The PPACT intervention had 4 components, described briefly in 

the following sections. The design paper (16) and protocol (Section 4 of Part 2 of the 

Supplement) provide details.

Intake Evaluation—The intake evaluation included 2 in-person sessions with the 

behavioral health specialist or nurse case manager, 1 in-person session with the physical 

therapist, and a pharmacist’s medical record review of medications. The evaluation aimed to 

identify factors contributing to pain and functional impairment and tailor intervention goals 

to patients’ circumstances and preferences.
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Core Skills—Twelve weekly, 90-minute group sessions made up the core skills training, 

which included progressive muscle relaxation and brief applied relaxation techniques, 

activity–rest cycling, pleasant activity scheduling, guided imagery and other distraction 

techniques, emotional regulation skills, cognitive restructuring, problem solving, and relapse 

prevention and maintenance. Each group session included instruction and practice in a yoga-

based, adapted movement approach (19–22) (Appendix Table 1, available at Annals.org).

PCP Consultation—Interventionists met with PCPs to review the intake summaries after 

completing the intake evaluations but before starting group sessions, and they met again 

after group sessions ended. Further contacts were made as needed, at the discretion of 

interventionists and PCPs. When feasible, PCPs did telephone outreach calls with their 

patients to discuss patients’ self-identified goals and reinforce self-management efforts.

Patient Monitoring—At approximately the middle of treatment (week 6), the physical 

therapist checked in with patients to assess progress and encourage increased physical 

activity. At the posttreatment assessment, participants were asked to repeat the intake 

assessment to evaluate progress and aid in developing a maintenance plan.

Usual Care

Clusters of PCPs randomly assigned to usual care continued to provide pharmacologic and 

nonpharmacologic treatments to their patients without restriction.

Primary Outcome

The primary outcome was patient-reported pain impact at 12 months, as measured by the 

4-item PEGS scale (23, 24), a composite of pain intensity and interference with enjoyment 

of life, general activity, and sleep (range, 0 to 10; higher score indicates worse pain impact). 

Participants were assessed at baseline (pretreatment) and 3 (posttreatment), 6, 9, and 12 

months of follow-up.

Secondary Outcomes

Secondary patient-reported outcomes were pain-related disability, assessed using the 24-

item Roland Morris Disability Questionnaire (RMDQ; range, 0 to 1; higher score indicates 

worse function) (25–29) at 12 months, and patient satisfaction with primary care and pain 

services at 6 months, assessed using a 6-point Likert scale (0 [very dissatisfied] to 5 [very 

satisfied]). Data on RMDQ were collected at baseline (pretreatment) and 3 (posttreatment), 

6, 9, and 12 months; satisfaction data were collected at baseline (pretreatment) and 6 months 

(posttreatment).

The secondary health services outcomes of opioid use, measured as average daily dose of 

opioids in MME per 90-day period (calculation methods in protocol), and benzodiazepine 

receipt (yes or no) over 90-day periods for 12 months were assessed using electronic health 

record data.
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Adverse Outcomes

The only adverse events monitored were serious adverse events, which were defined as 

hospitalizations and deaths, assessed systematically from electronic health record data every 

6 months, and reviewed by an independent monitor. For deaths, medical record abstraction 

determined relatedness.

Post Hoc Outcomes

Post hoc pain-related outcomes were the 3-item PEG scale (composite of pain intensity 

and interference with enjoyment of life and general activity) and meeting criteria for 

clinically meaningful improvement (yes or no), defined as 30% or greater reduction in 

score from baseline on pain-related outcomes (PEGS, PEG, and RMDQ). These measures 

are widely used and recommended as pain outcomes, enabling comparability with other 

studies (30, 31). In addition, selected opioid use metrics (average daily MME ≥90 and 

continued long-term receipt of opioids [≥70 days’ supply per 90-day period]) were identified 

as post hoc outcomes. These 2 opioid use outcomes are included here because of recruitment 

prioritization for patients with these characteristics (16). However, use of other prescription 

medications (one of the prespecified secondary outcomes for health service use) will be 

reported elsewhere with cost analyses.

Statistical Analysis

We calculated our needed sample (power = 0.88) as 106 PCP clusters (average cluster size 

of 8 patients) to enable detection of a small but clinically meaningful group difference 

(31–33) (standardized effect size, 0.22) in the primary study outcome at 12 months, using 

an intraclass correlation coefficient of 0.002 based on preliminary pilot study data (16). 

All analyses were intention-to-treat: All participants with at least 1 follow-up data point 

were included and analyzed according to original group assignment. Missing data were 

handled using direct maximum likelihood (34, 35). We used a 2-tailed α level of 0.05 for all 

inferential tests, and all analyses were done using Stata, version 15.1 (StataCorp) (36).

For our primary outcome (PEGS) and continuous secondary outcomes (PEG, RMDQ, 

and average opioid dose per day), a 3-level linear mixed model was used to account for 

the nesting of repeated observations within patients nested within provider clusters (37–

39). A linear trajectory was originally proposed to describe the change in pain scores 

over time (16). However, because we found a nonlinear effect across time, we used 

segmented or piecewise regression models (40–42) to more appropriately model the pattern 

of these findings. The first level included 2 predictors for time: slope from baseline to 

the posttreatment assessment (3 months; treatment effect) and slope from the posttreatment 

assessment to 12-month follow-up (maintenance effect). The second level included random 

effects for the level-1 intercept and 2 time-variable coefficients. The third level included 

study group as the predictor of the patient-level intercept and coefficients for time and 

random effect of the PCP cluster–level intercept. From this model, we estimated the 

marginal means and associated 95% CIs by group and time, as well as the differences in 

change between groups for the treatment period (baseline to 3 months), maintenance period 

(3 to 12 months), and overall study period (baseline to 12 months). Analysis of patient 

satisfaction with primary care and pain services was based on the same analytic framework 
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but used a linear model because these variables were measured only before treatment and at 

6 months of follow-up.

Analyses of binary outcomes included benzodiazepine receipt (secondary outcome), post 

hoc analyses of clinically meaningful improvement (≥30%) (33) in pain outcomes (PEGS, 

PEG, and RMDQ), and additional opioid use metrics (continued long-term opioid therapy 

and ≥90-MME opioid dose) using mixed-effects logistic regression. Marginal risks (that 

is, proportions) and associated 95% CIs were calculated by group and time, as were 

differences in change in absolute risks and relative risks between groups over the treatment, 

maintenance, and overall study periods.

Role of the Funding Source

The National Institutes of Health had no role in the design or conduct of the study; 

collection, management, analysis, or interpretation of the data; preparation, review, or 

approval of the manuscript; or decision to submit the manuscript for publication.

Results

Participants

We identified 10 196 members of KP health plans who were paneled with study PCPs 

and met preliminary eligibility criteria. Of these, 4934 were eligible and 850 participated. 

The Appendix Figure (available at Annals.org) describes the flow of participants from 

recruitment to enrollment. Baseline characteristics of intervention and usual care participants 

were similar (Table 1). The mean age was 60.3 years (SD, 12.2), 67% of participants were 

women, and 77% were White. One quarter were receiving disability payments at the time 

of enrollment, and the median number of pain conditions was 4.0 (interquartile range, 3 

to 5 conditions). The most common pain diagnoses were limb or extremity pain, joint 

pain, and arthritic disorders (81%); back and neck pain (74%); and general and widespread 

pain (70%). The median average daily dose of opioids among enrollees was 29.6 MME 

(interquartile range, 16 to 62 MME), 18% of enrollees were receiving opioid dosages of 

90 MME/day or higher, and 27% had received benzodiazepines during the past year. In 

addition, 33% had 2 or more chronic medical conditions, average body mass index was in 

the obese range (mean, 32.8 kg/m2 [SD, 8.9]), and almost half (44%) had a mental health 

disorder diagnosis in the past year.

Those randomly assigned to the CBT intervention completed an average of 2.9 of 4 

possible in-person sessions and 6.2 of 12 possible group sessions. We categorized 63% of 

intervention participants as “intervention completers” (that is, finished ≥2 in-person sessions 

and ≥6 group sessions). Therapist adherence to the protocol was high (mean, 4.4 on a scale 

of 0 to 5) but with a fair degree of variability (SD, 0.51; range, 3 to 5).

Pain Impact

Compared with the usual care group, intervention participants sustained larger reductions 

in the primary outcome of self-reported pain on the PEGS scale at 12 months of follow-up 

(difference, −0.434 point [95% CI, −0.690 to −0.178 point]) (Table 2), with an overall 
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standardized effect size of −0.21 (Supplement Table 1, available at Annals.org). Intervention 

participants also had a greater reduction in PEGS score immediately after treatment 

(difference, −0.565 point [CI, −0.796 to −0.333 point]; overall standardized effect size, 

−0.28). Supplement Table 2 (available at Annals.org) shows the unadjusted means, and Table 

3 and the Figure present estimated, model-based means showing the trajectory of PEGS 

scores from baseline over the follow-up time points. A larger proportion of intervention 

participants than usual care participants reported clinically meaningful improvement at the 

posttreatment assessment (proportion, 0.272 [CI, 0.231 to 0.312] vs. 0.134 [CI, 0.103 to 

0.164]; absolute risk difference, 0.138 [CI, 0.088 to 0.188]) and over the 12-month follow-

up (proportion, 0.266 [CI, 0.225 to 0.306] vs. 0.186 [CI, 0.150 to 0.222]; absolute risk 

difference, 0.079 [CI, 0.025 to 0.133]) (Table 4; Appendix Table 2, available at Annals.org). 

Findings for the 3-item PEG mirrored those for the 4-item PEGS (Tables 2 to 4). Appendix 

Table 2 presents the adjusted proportions of participants whose reduction in pain-related 

measures met thresholds for clinically meaningful improvement; unadjusted proportions are 

presented in Supplement Table 3 (available at Annals.org).

Pain-Related Disability

The intervention had a significant effect on pain-related disability as measured using the 

RMDQ score at the posttreatment assessment (difference, −0.043 point [CI, −0.064 to 

−0.021 point]) and at 12 months (difference, −0.060 point [CI, −0.084 to −0.035 point]) 

(Table 2), with an overall standardized effect size of −0.28 at 12 months (Supplement 

Table 1). Table 3 presents the adjusted mean scores over time, and Supplement Table 2 

presents the unadjusted scores. After treatment, proportions reporting clinically meaningful 

improvement were similar for the intervention and usual care groups (proportion, 0.159 [CI, 

0.123 to 0.195] vs. 0.134 [CI, 0.103 to 0.164]; absolute risk difference, 0.071 [CI, 0.018 to 

0.124]), with a modestly greater separation between groups at 12 months (proportion, 0.212 

[CI, 0.168 to 0.255] vs. 0.087 [CI, 0.060 to 0.114]; absolute risk difference, 0.125 [CI, 0.074 

to 0.176]) (Table 4; Supplement Table 3). Appendix Table 2 reports adjusted proportions for 

participants exceeding the minimal clinically important difference for RMDQ; unadjusted 

proportions are presented in Supplement Table 3.

Satisfaction

Change in satisfaction with primary care at 6 months was also different for participants 

in the intervention and usual care groups (difference, 0.230 point [CI, 0.053 to 0.406 

point]) (Table 2). Intervention participants’ satisfaction remained relatively stable from 

baseline to the posttreatment assessment, whereas those in usual care reported a decline 

in satisfaction over that period (Table 3). Satisfaction with pain services showed similar 

differential change across groups (difference, 0.336 point [CI, 0.129 to 0.543 point]) (Table 

2). Usual care participants had stable scores from baseline to the posttreatment assessment, 

whereas intervention participants had an increase in mean scores (Table 3); Supplement 

Table 2 presents unadjusted mean scores.

Medication-Related Outcomes

No intervention-related differences were seen in average daily opioid dose (in MME) at 

the posttreatment assessment (difference, −2.260 points [CI, −5.509 to 0.989 points]) or 
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at 12 months (difference, −1.969 points [CI, −6.765 to 2.827 points]) (Table 2). Similarly, 

we found no intervention-related differences for the post hoc, opioid-related outcomes of 

continued long-term opioid therapy (12-month absolute risk difference, −0.010 [CI, −0.072 

to 0.051]) or average daily dose of opioids of 90 MME or greater (12-month absolute 

risk difference, −0.018 [CI, −0.053 to 0.017]) (Table 5). An intervention effect was found 

for benzodiazepine receipt at 12 months, with greater reductions among intervention than 

usual care participants (absolute risk difference, −0.055 [CI, −0.099 to −0.011]), but not 

at the posttreatment assessment (absolute risk difference, −0.026 [CI, −0.065 to 0.012]) 

(Table 5). Appendix Table 3 (available at Annals.org) presents the estimated differences in 

relative risks for these outcomes, and Appendix Table 4 (available at Annals.org) includes 

the adjusted proportions.

Adverse Outcomes

Twelve participants died; all deaths were unrelated to study participation. Hospitalizations 

totaled 287, with 116 for intervention participants and 171 for usual care.

Discussion

This pragmatic clinical trial tested whether a CBT intervention delivered in primary care 

by frontline clinicians improved measures of pain-related outcomes among patients with 

chronic pain receiving long-term opioid therapy. As hypothesized, those receiving CBT 

had greater reductions in pain impact (measured as a composite of pain intensity and 

interference) than those receiving usual care. Modest effects were seen at the posttreatment 

assessment (3 months) and sustained through 12 months, with standardized effect sizes 

of −0.28 and −0.21, respectively. Further, 1 in 4 participants receiving CBT reported 

clinically meaningful improvements in self-reported pain at 12 months, compared with 1 

in 6 participants receiving usual care. Pain-related disability showed treatment effects that 

were similar in overall pattern and magnitude. In addition, the intervention group reported 

greater satisfaction than the usual care group with both primary care and pain-related 

health services. Our analyses suggested no intervention-related reductions in opioid use and 

inconsistent effects on benzodiazepine use.

Although the treatment-related effect on pain outcomes was small, it was similar to that 

found in recent systematic reviews of CBT and nonpharmacologic treatments for chronic 

pain (standardized effect sizes, 0.20 to 0.32) (43, 44). The magnitude of our intervention 

effects was also similar to that in trials of yoga for low back pain (43), which is relevant 

given the yoga-based exercise component of our intervention. Further, the magnitude of 

effects we found was similar to that for nonopioid pharmacotherapy over the short term 

(≤6 months) (45). Comparing the longer-term effects of our CBT intervention with those 

of either nonopioid or opioid pharmacotherapy is not feasible because evidence of their 

intermediate-term (≥6 months and <12 months) effects has not been established and long-

term outcomes (≥12 months) have not been assessed (45, 46). The impact of the effects we 

saw on work productivity or disability are unclear, although productivity costs (absenteeism 

and presenteeism) have been associated with self-reported pain severity, suggesting the 

potential benefit of even moderate pain reductions (47).
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The intensity of our intervention was similar to that in other CBT trials. However, our 

patients were on average older, more likely to be receiving disability benefits, and modestly 

higher in disease burden (that is, number and types of pain conditions and comorbid 

conditions). All were receiving long-term opioid therapy. We identified only 1 study in 

which participants were more likely to be receiving disability benefits than in our trial: 

Thorn and colleagues’ study (48) of a literacy-adapted CBT intervention for low-income 

persons at community health centers in the rural Southeast. Except for an opioid-taper pilot 

study that found no difference in opioid dose for a 17-session CBT intervention compared 

with usual care but significantly greater reductions in pain-related interference at 4 months 

(49), we are unaware of other trials of nonpharmacologic treatment restricted to patients 

receiving long-term opioid therapy. Others have described patients with chronic pain and 

long-term receipt of opioids as potentially a “lost generation” (50), given that opioid use 

may change their physiology and render them less responsive to behavioral treatments 

(45). However, our findings and those of Sullivan and colleagues (49, 51) suggest that 

behaviorally based interventions can be effective for such patients.

An important strength of our study was its focus on patients with chronic pain deemed at 

highest need by their medical providers: those receiving long-term opioid treatment with 

substantive medical and mental health comorbid conditions. We also had the advantage of 

a large and geographically diverse patient sample. Other strengths arose from pragmatic 

design features, including use of frontline clinicians, many without previous training 

in using evidence-based, nondrug treatment of chronic pain. Further, by embedding the 

treatment directly in primary care clinics and using clinical infrastructure to collect pain-

related outcomes relevant to our health care providers, we enhanced the likelihood of 

sustainability in everyday clinical workflow (52).

Study limitations included that all participants were insured and were receiving care in large, 

integrated health care systems. Although advantageous for delivering this multidisciplinary, 

team-led intervention, this restriction limited generalizability. Further, although we sought 

to enroll patients prioritized by the health system due to high doses of opioids, concurrent 

benzodiazepine receipt, or high health care use, only a modest proportion met these criteria. 

This may have been partly because the narrow (4-week) window in which a PCP’s eligible 

patients could elect to participate (dictated by our cluster randomized approach) may 

have inadvertently eliminated patients who were initially hesitant about behavior-based 

treatments. Other limitations imposed by the pragmatic trial design include restricted 

patient-reported measures, including adverse events (16, 53). Identifying hospitalizations 

and deaths from electronic health records was feasible, but many less severe adverse events 

are not systematically documented. Finally, our power estimates were based on the sample 

needed to detect small effect sizes rather than minimal clinically important differences 

across study groups, although we included the latter in post hoc analyses.

Despite limitations, this study shows the potential for skill-based, CBT interventions 

delivered by frontline clinicians to reduce pain impact and improve function among patients 

with chronic pain receiving long-term opioid treatment. Although effects were modest, 

they persisted after treatment through final 12-month follow-up. Given the limited efficacy 
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(45) and safety of long-term opioid treatment of chronic pain and increasing demand for 

nonpharmacologic treatment (54), this type of intervention may be an attractive option.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Appendix

Appendix

Appendix Table 1.

CBT-Based Pain Coping Skills Training Sessions

Session Skill Focus Description

Session 1: 
Understanding pain/
pain education and 
role of pain coping 
skills

Adaptation 
model/
neuromatrix 
model of pain

Simple diagrams, including the neuromatrix and persistent pain cycle, are 
used to illustrate the pain cycle along with the role of the brain and other 
parts of the central nervous system in influencing the pain experience. The 
group explores pain’s effect on patients’ activities, feelings, and thoughts 
and how these changes similarly affect the pain they experience. The menu 
of coping skills modules is discussed, as well as the fact that these skills 
can be used not only for managing pain but also for managing stressors 
related to pain. Patients are taught how to use a brief relaxation method 
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Session Skill Focus Description

(PMR) that enables them to apply relaxation during daily activities that 
may increase their pain (e.g., walking, transferring from 1 position to 
another, and prolonged sitting).

Session 2: Applying 
PMR and adaptation 
model

PMR Using the information presented in session 1, experiential activities 
encourage the group to envision how application of the program’s 
coping skills can change their pain, stress, and adaptation to challenging 
situations. Time is spent breaking down the PMR activity to promote a 
successful experience of this important skill and an overall understanding 
of how this directly affects the perception of pain and stress in the brain.

Session 3: Activity-
rest cycle

Activity-rest 
cycling

Patients are taught to use a quota system to pace their activities and 
increase activity level. The quota system involves targeting a daily activity 
that the patient tends to overdo and learning to split this activity into 
periods of moderate activity (e.g., 10 min of walking) followed by limited 
rest (e.g., 5 min of rest). The patient will build up the activity quota over 
time. A range of activity options are discussed, along with benefits of 
gradually increasing activity. Barriers and obstacles to using this quota 
system are identified and solutions for overcoming them are formulated.

Session 4: Pleasant 
activity scheduling

Pleasant activity 
scheduling

Pleasant activity scheduling is used to help patients identify and 
incorporate a variety of enjoyable and realistic activities in their day-to-day 
life that help them overcome the deactivation common for patients with 
pain and to address mood-related impairments common among patients 
with chronic pain.

Session 5: Relaxation 
mini practices

Mini practices Patients are taught to use, and then practice as a group, these brief 
relaxation techniques that are designed for use in the midst of various 
daily activities. These mini-practices provide an alternative to longer 
relaxation methods, such as the full PMR, but still provide the mental and 
physiological benefits necessary to overcome instances of pain, tension, 
and stress.

Session 6: Pleasant 
imagery

Pleasant 
imagery

Patients are assisted in identifying an imaginary, personal scene and are 
then guided through pleasant imagery sessions that focus attention on 
pleasant experiences in the midst of pain, stress, or negative thoughts. The 
group then strategizes about building these imagery sessions into their day 
to promote relaxation.

Session 7: Emotional 
regulation: leaning in

Leaning in: 
emotional 
regulation

Mood modulation skills, mindfulness, and the role of acceptance are taught 
and practiced to assist patients in working with strong emotions.

Session 8: Emotional 
regulation: leaning 
out

Leaning out: 
distraction

In working with patients to counterbalance leaning into and away from 
challenging emotions, distraction techniques using physical or auditory 
stimuli are discussed and practiced as helpful tools in managing pain.

Session 9: Cognitive 
restructuring

Cognitive 
restructuring

Cognitive restructuring is used to help patients recognize overly negative 
thoughts that occur in response to pain. Effects of such thoughts on 
feelings and behaviors are discussed.

Session 10: Use 
of calming self-
statements

Positive self-
statements

Patients develop alternative, calming/coping thoughts and self-statements 
that are more helpful/useful in coping with pain.

Session 11: Problem 
solving

Problem 
solving/
reinforcing the 
application of 
learned skills

Following patient-stated reviews of the coping skills used throughout the 
program,the group works through several problem-solving scenarios to 
gain experience applying learned coping skills in the context of challenges 
faced.

Session 12: 
Relapse prevention 
and maintenance 
enhancement training

Relapse 
prevention/
maintenance 
plan

Patients are taught strategies to enhance maintenance of learned coping 
skills. To pinpoint situational factors affecting maintenance, each patient 
is taught to identify high-risk situations that are likely to interfere with 
coping efforts. A rationale for anticipating and coping with setbacks is 
discussed. Cognitive strategies for recognizing early warning signs of pain 
and symptom flares and coping with setbacks are emphasized.

CBT = cognitive behavioral therapy; PMR = progressive muscle relaxation.
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Appendix Table 2.

Participants Exceeding MCID Thresholds for Pain-Related Outcomes: Model-Based 

Proportions and Associated 95% CIs, by Treatment Group and Time Point*

Outcome Usual Care CBT

Proportion 95% CI Proportion 95% CI

LB UB LB UB

Participants exceeding MCID for PEGS

 3-mo follow-up 0.134 0.103 0.164 0.272 0.231 0.312

 6-mo follow-up 0.149 0.124 0.175 0.267 0.235 0.299

 9-mo follow-up 0.167 0.139 0.195 0.265 0.232 0.299

 12-mo follow-up 0.186 0.150 0.222 0.266 0.225 0.306

Participants exceeding MCID for PEG

 3-mo follow-up 0.143 0.112 0.175 0.276 0.236 0.316

 6-mo follow-up 0.156 0.130 0.182 0.268 0.237 0.300

 9-mo follow-up 0.169 0.142 0.197 0.263 0.230 0.296

 12-mo follow-up 0.183 0.148 0.218 0.259 0.220 0.299

Participants exceeding MCID for RMDQ

 3-mo follow-up 0.088 0.060 0.116 0.159 0.123 0.195

 6-mo follow-up 0.083 0.062 0.104 0.177 0.146 0.208

 9-mo follow-up 0.084 0.061 0.106 0.196 0.162 0.231

 12-mo follow-up 0.087 0.060 0.114 0.212 0.168 0.255

CBT = cognitive behavioral therapy; LB = lower bound; MCID = minimal clinically important difference; PEG = pain, 
enjoyment of life, and general activity; PEGS = pain intensity and interference with enjoyment of life, general activity, and 
sleep; RMDQ = Roland Morris Disability Questionnaire; UB = upper bound.
*
MCID is defined as ≥30% decrease in score from baseline. Proportions are based on mixed model logistic regression 

equation.

Appendix Table 3.

Estimated RR Differences for CBT Versus Usual Care From Baseline to Posttreatment 

Assessment and Posttreatment Assessment to 12-Month Follow-up for Binary Outcomes*

Outcome Baseline to Posttreatment 
Assessment

Posttreatment Assessment to 
12 Months

Baseline to 12 Months

Within-
Group RR 
(95% CI)

Between 
Group Ratio 
of RR (95% 
CI)

Within-
Group RR 
(95% CI)

Between 
Group Ratio 
of RR (95% 
CI)

Within-
Group RR 
(95% CI)

Between 
Group Ratio 
of RR (95% 
CI)

Benzodiazepine receipt (n = 106 clusters, 848 participants, 4081 observations)

 Usual care 1.04 (0.92–
1.18)

- 1.00 (0.87–
1.14)

- 1.04 (0.90–
1.20)

-

 CBT 0.93 (0.82–
1.04)

0.89 (0.75–
1.05)

0.87 (0.75–
1.00)

0.87 (0.71–
1.06)

0.80 (0.70–
0.93)

0.77 (0.63–
0.95)

Continued long-term opioid therapy (n = 106 clusters, 848 participants, 4081 observations)

 Usual care 0.94 (0.89–
0.99)

- 0.95 (0.89–
1.00)

- 0.89 (0.84–
0.95)

-
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Outcome Baseline to Posttreatment 
Assessment

Posttreatment Assessment to 
12 Months

Baseline to 12 Months

Within-
Group RR 
(95% CI)

Between 
Group Ratio 
of RR (95% 
CI)

Within-
Group RR 
(95% CI)

Between 
Group Ratio 
of RR (95% 
CI)

Within-
Group RR 
(95% CI)

Between 
Group Ratio 
of RR (95% 
CI)

 CBT 0.91 (0.86–
0.96)

0.97 (0.90–
1.04)

0.96 (0.90–
1.02)

1.02 (0.93–
1.11)

0.88 (0.82–
0.93)

0.98 (0.90–
1.07)

Average daily dose of opioids ≥90 MME (n = 106 clusters, 848 participants, 4081 observations)

 Usual care 1.05 (0.97–
1.14)

- 0.91 (0.82–
1.00)

- 0.95 (0.85–
1.06)

-

 CBT 1.02 (0.91–
1.13)

0.97 (0.84–
1.11)

0.81 (0.70–
0.94)

0.90 (0.75–
1.07)

0.83 (0.71 –
0.96)

0.87 (0.72–
1.04)

CBT = cognitive behavioral therapy; MME = morphine milligram equivalents; RR = relative risk.
*
Analyses based on logistic mixed models.

Appendix Table 4.

Secondary Binary Study Outcomes: Model-Based Proportions and Associated 95% CIs, by 

Treatment Group and Time Point*

Outcome Usual Care CBT

Proportion 95% CI Proportion 95% CI

LB UB LB UB

Benzodiazepine receipt

 Baseline 0.220 0.184 0.255 0.236 0.199 0.273

 3-mo follow-up 0.229 0.195 0.263 0.218 0.185 0.251

 6-mo follow-up 0.226 0.195 0.256 0.206 0.178 0.234

 9-mo follow-up 0.227 0.195 0.258 0.197 0.168 0.227

 12-mo follow-up 0.229 0.193 0.264 0.190 0.157 0.222

Continued long-term opioid therapy

 Baseline 0.767 0.722 0.813 0.763 0.719 0.806

 3-mo follow-up 0.722 0.677 0.767 0.696 0.651 0.740

 6-mo follow-up 0.715 0.672 0.757 0.692 0.650 0.733

 9-mo follow-up 0.700 0.657 0.744 0.681 0.638 0.724

 12-mo follow-up 0.683 0.636 0.729 0.668 0.622 0.713

Average daily dose of opioids ≥90 MME

 Baseline 0.253 0.234 0.273 0.173 0.153 0.192

 3-mo follow-up 0.266 0.252 0.280 0.175 0.160 0.191

 6-mo follow-up 0.256 0.241 0.270 0.162 0.147 0.178

 9-mo follow-up 0.247 0.230 0.265 0.151 0.134 0.168

 12-mo follow-up 0.241 0.218 0.264 0.143 0.122 0.164

CBT = cognitive behavioral therapy; LB = lower bound; MME = morphine milligram equivalents; UB = upper bound.
*
Proportions are based on mixed model logistic regression equation.
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Appendix Figure. 
Study flow diagram.

EHR = electronic health record; PCP = primary care provider; PPACT = Pain Program for 

Active Coping and Training.

* Patients could decline to participate at any point in the screening process, including before 

the telephone eligibility interview; therefore, participants who declined to participate were 

not necessarily eligible.
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† Too physically impaired to attend or unavailable because of condition (e.g., hospitalization 

or dialysis) or planned medical procedure (e.g., surgery).
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Figure. 
Estimated mean PEGS score, by treatment group and time point, from piecewise linear 

mixed model.

CBT = cognitive behavioral therapy; PEGS = pain intensity and interference with enjoyment 

of life, general activity, and sleep.
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	AppendixAppendix Table 1.CBT-Based Pain Coping Skills Training SessionsSessionSkill FocusDescriptionSession 1: Understanding pain/pain education and role of pain coping skillsAdaptation model/neuromatrix model of painSimple diagrams, including the neuromatrix and persistent pain cycle, are used to illustrate the pain cycle along with the role of the brain and other parts of the central nervous system in influencing the pain experience. The group explores pain’s effect on patients’ activities, feelings, and thoughts and how these changes similarly affect the pain they experience. The menu of coping skills modules is discussed, as well as the fact that these skills can be used not only for managing pain but also for managing stressors related to pain. Patients are taught how to use a brief relaxation method (PMR) that enables them to apply relaxation during daily activities that may increase their pain (e.g., walking, transferring from 1 position to another, and prolonged sitting).Session 2: Applying PMR and adaptation modelPMRUsing the information presented in session 1, experiential activities encourage the group to envision how application of the program’s coping skills can change their pain, stress, and adaptation to challenging situations. Time is spent breaking down the PMR activity to promote a successful experience of this important skill and an overall understanding of how this directly affects the perception of pain and stress in the brain.Session 3: Activity-rest cycleActivity-rest cyclingPatients are taught to use a quota system to pace their activities and increase activity level. The quota system involves targeting a daily activity that the patient tends to overdo and learning to split this activity into periods of moderate activity (e.g., 10 min of walking) followed by limited rest (e.g., 5 min of rest). The patient will build up the activity quota over time. A range of activity options are discussed, along with benefits of gradually increasing activity. Barriers and obstacles to using this quota system are identified and solutions for overcoming them are formulated.Session 4: Pleasant activity schedulingPleasant activity schedulingPleasant activity scheduling is used to help patients identify and incorporate a variety of enjoyable and realistic activities in their day-to-day life that help them overcome the deactivation common for patients with pain and to address mood-related impairments common among patients with chronic pain.Session 5: Relaxation mini practicesMini practicesPatients are taught to use, and then practice as a group, these brief relaxation techniques that are designed for use in the midst of various daily activities. These mini-practices provide an alternative to longer relaxation methods, such as the full PMR, but still provide the mental and physiological benefits necessary to overcome instances of pain, tension, and stress.Session 6: Pleasant imageryPleasant imageryPatients are assisted in identifying an imaginary, personal scene and are then guided through pleasant imagery sessions that focus attention on pleasant experiences in the midst of pain, stress, or negative thoughts. The group then strategizes about building these imagery sessions into their day to promote relaxation.Session 7: Emotional regulation: leaning inLeaning in: emotional regulationMood modulation skills, mindfulness, and the role of acceptance are taught and practiced to assist patients in working with strong emotions.Session 8: Emotional regulation: leaning outLeaning out: distractionIn working with patients to counterbalance leaning into and away from challenging emotions, distraction techniques using physical or auditory stimuli are discussed and practiced as helpful tools in managing pain.Session 9: Cognitive restructuringCognitive restructuringCognitive restructuring is used to help patients recognize overly negative thoughts that occur in response to pain. Effects of such thoughts on feelings and behaviors are discussed.Session 10: Use of calming self-statementsPositive self-statementsPatients develop alternative, calming/coping thoughts and self-statements that are more helpful/useful in coping with pain.Session 11: Problem solvingProblem solving/reinforcing the application of learned skillsFollowing patient-stated reviews of the coping skills used throughout the program,the group works through several problem-solving scenarios to gain experience applying learned coping skills in the context of challenges faced.Session 12: Relapse prevention and maintenance enhancement trainingRelapse prevention/maintenance planPatients are taught strategies to enhance maintenance of learned coping skills. To pinpoint situational factors affecting maintenance, each patient is taught to identify high-risk situations that are likely to interfere with coping efforts. A rationale for anticipating and coping with setbacks is discussed. Cognitive strategies for recognizing early warning signs of pain and symptom flares and coping with setbacks are emphasized.CBT = cognitive behavioral therapy; PMR = progressive muscle relaxation.Appendix Table 2.Participants Exceeding MCID Thresholds for Pain-Related Outcomes: Model-Based Proportions and Associated 95% CIs, by Treatment Group and Time Point*OutcomeUsual CareCBTProportion95% CIProportion95% CILBUBLBUBParticipants exceeding MCID for PEGS 3-mo follow-up0.1340.1030.1640.2720.2310.312 6-mo follow-up0.1490.1240.1750.2670.2350.299 9-mo follow-up0.1670.1390.1950.2650.2320.299 12-mo follow-up0.1860.1500.2220.2660.2250.306Participants exceeding MCID for PEG 3-mo follow-up0.1430.1120.1750.2760.2360.316 6-mo follow-up0.1560.1300.1820.2680.2370.300 9-mo follow-up0.1690.1420.1970.2630.2300.296 12-mo follow-up0.1830.1480.2180.2590.2200.299Participants exceeding MCID for RMDQ 3-mo follow-up0.0880.0600.1160.1590.1230.195 6-mo follow-up0.0830.0620.1040.1770.1460.208 9-mo follow-up0.0840.0610.1060.1960.1620.231 12-mo follow-up0.0870.0600.1140.2120.1680.255CBT = cognitive behavioral therapy; LB = lower bound; MCID = minimal clinically important difference; PEG = pain, enjoyment of life, and general activity; PEGS = pain intensity and interference with enjoyment of life, general activity, and sleep; RMDQ = Roland Morris Disability Questionnaire; UB = upper bound.*MCID is defined as ≥30% decrease in score from baseline. Proportions are based on mixed model logistic regression equation.Appendix Table 3.Estimated RR Differences for CBT Versus Usual Care From Baseline to Posttreatment Assessment and Posttreatment Assessment to 12-Month Follow-up for Binary Outcomes*OutcomeBaseline to Posttreatment AssessmentPosttreatment Assessment to 12 MonthsBaseline to 12 MonthsWithin-Group RR (95% CI)Between Group Ratio of RR (95% CI)Within-Group RR (95% CI)Between Group Ratio of RR (95% CI)Within-Group RR (95% CI)Between Group Ratio of RR (95% CI)Benzodiazepine receipt (n = 106 clusters, 848 participants, 4081 observations) Usual care1.04 (0.92–1.18)-1.00 (0.87–1.14)-1.04 (0.90–1.20)- CBT0.93 (0.82–1.04)0.89 (0.75–1.05)0.87 (0.75–1.00)0.87 (0.71–1.06)0.80 (0.70–0.93)0.77 (0.63–0.95)Continued long-term opioid therapy (n = 106 clusters, 848 participants, 4081 observations) Usual care0.94 (0.89–0.99)-0.95 (0.89–1.00)-0.89 (0.84–0.95)- CBT0.91 (0.86–0.96)0.97 (0.90–1.04)0.96 (0.90–1.02)1.02 (0.93–1.11)0.88 (0.82–0.93)0.98 (0.90–1.07)Average daily dose of opioids ≥90 MME (n = 106 clusters, 848 participants, 4081 observations) Usual care1.05 (0.97–1.14)-0.91 (0.82–1.00)-0.95 (0.85–1.06)- CBT1.02 (0.91–1.13)0.97 (0.84–1.11)0.81 (0.70–0.94)0.90 (0.75–1.07)0.83 (0.71 –0.96)0.87 (0.72–1.04)CBT = cognitive behavioral therapy; MME = morphine milligram equivalents; RR = relative risk.*Analyses based on logistic mixed models.Appendix Table 4.Secondary Binary Study Outcomes: Model-Based Proportions and Associated 95% CIs, by Treatment Group and Time Point*OutcomeUsual CareCBTProportion95% CIProportion95% CILBUBLBUBBenzodiazepine receipt Baseline0.2200.1840.2550.2360.1990.273 3-mo follow-up0.2290.1950.2630.2180.1850.251 6-mo follow-up0.2260.1950.2560.2060.1780.234 9-mo follow-up0.2270.1950.2580.1970.1680.227 12-mo follow-up0.2290.1930.2640.1900.1570.222Continued long-term opioid therapy Baseline0.7670.7220.8130.7630.7190.806 3-mo follow-up0.7220.6770.7670.6960.6510.740 6-mo follow-up0.7150.6720.7570.6920.6500.733 9-mo follow-up0.7000.6570.7440.6810.6380.724 12-mo follow-up0.6830.6360.7290.6680.6220.713Average daily dose of opioids ≥90 MME Baseline0.2530.2340.2730.1730.1530.192 3-mo follow-up0.2660.2520.2800.1750.1600.191 6-mo follow-up0.2560.2410.2700.1620.1470.178 9-mo follow-up0.2470.2300.2650.1510.1340.168 12-mo follow-up0.2410.2180.2640.1430.1220.164CBT = cognitive behavioral therapy; LB = lower bound; MME = morphine milligram equivalents; UB = upper bound.*Proportions are based on mixed model logistic regression equation.Appendix Figure. Study flow diagram.EHR = electronic health record; PCP = primary care provider; PPACT = Pain Program for Active Coping and Training.* Patients could decline to participate at any point in the screening process, including before the telephone eligibility interview; therefore, participants who declined to participate were not necessarily eligible.† Too physically impaired to attend or unavailable because of condition (e.g., hospitalization or dialysis) or planned medical procedure (e.g., surgery).
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