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Abstract

Background—Chronic pain is one of the most common, disabling, and expensive public 

health problems in the United States. Interdisciplinary pain management treatments that employ 

behavioral approaches have been successful in helping patients with chronic pain reduce 

symptoms and regain functioning. However, most patients lack access to such treatments. We 

are conducting a pragmatic clinical trial to test the hypothesis that patients who receive an 

interdisciplinary biopsychosocial intervention, the Pain Program for Active Coping and Training 

(PPACT), at their primary care clinic will have a greater reduction in pain impact in the year 

following than patients receiving usual care.

Methods/design—This is an effectiveness-implementation hybrid pragmatic clinical trial in 

which we randomize clusters of primary care providers and their patients with chronic pain 

who are on long-term opioid therapy to 1) receive an interdisciplinary behavioral intervention 

in conjunction with their current health care or 2) continue with current health care services. 

Our primary outcome is pain impact (a composite of pain intensity and pain-related interference) 

measured using the PEG, a validated three-item assessment. Secondary outcomes include pain

related disability, patient satisfaction, opioids dispensed and health care utilization. An economic 

evaluation assesses the resources and costs necessary to deliver the intervention and its cost
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effectiveness compared with usual care. A formative evaluation employs mixed methods to 

understand the context for implementation in the participating health care systems.

Discussion—This trial will inform the feasibility of implementing interdisciplinary behavioral 

approaches to pain management in the primary care setting, potentially providing a more effective, 

safer, and more satisfactory alternative to opioid-based chronic pain treatment.

Clinical Trials Registration Number: NCT02113592
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1. Introduction

Chronic pain is one of the most common, disabling, and expensive public health problems 

in the United States [1]. It is one of the primary reasons patients seek medical care 

and is often associated with high levels of physical disability and emotional suffering 

[1,2]. Medical management of patients with chronic pain is fragmented, with patients 

seeking a wide variety of primary and specialty care services [1,3]. This fragmentation 

of care leads to poorer outcomes and higher health care costs as patients may receive 

unneeded diagnostic and medical procedures [3,4]. Many patients could benefit from 

multidisciplinary behaviorally-oriented approaches that emphasize pain management over a 

cure, and improved function over pain relief [5,6]. However, although such approaches have 

been found to be more effective than less comprehensive or single-modality interventions 

[1,2], most patients lack access to such treatment models. The majority are seen by primary 

care providers in settings where medications are the mainstay of pain treatment. Indeed, 

prescription opioid use has increased dramatically in recent years [7,8].

Opioid use has been shown to carry significant risks, and its application for pain 

management has caused mounting concern [9–19]. In response the Centers for Disease 

Control (CDC) issued widely publicized guidelines for prescribing opioids for chronic pain 

in the primary care setting [20]. As a result, health care providers, including primary care 

providers (PCPs), increasingly are seeking strategies to incorporate nonpharmacological 

treatment options into care plans for patients with chronic, non-cancer-related pain. 

However, they often lack readily available, systematic, integrated, and interdisciplinary 

treatment options. Furthermore, most PCPs have neither the time nor the training in pain 

management to effectively balance these patients' treatment needs [21].

Interdisciplinary pain management treatment approaches, particularly those employing a 

biopsychosocial framework, have been among the most successful approaches in helping 

patients with chronic pain reduce symptoms and regain functioning [22–25]. These 

approaches combine a variety of therapeutic modalities and typically rely on teams of 

physicians, behavioral specialists, nurse case managers, and physical therapists to help 

patients develop skills to actively cope with and self-manage their condition [26–33]. 

Interdisciplinary care for chronic pain is commonly situated in specialty care settings; 

however, study findings suggest that such approaches can be effectively delivered in the 
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primary care setting [27,31,32,34,35]. The aim of our cluster-randomized pragmatic trial 

is to build on these studies by testing a program for its feasibility and sustainability 

within primary care to help patients adopt self-care and coping skills for managing 

chronic pain, limit use of opioid medications, and identify exacerbating factors amenable to 

treatment. Our main hypothesis is that patients of PCPs who are randomized to receive this 

interdisciplinary behavioral intervention, the Pain Program for Active Coping and Training, 

or “PPACT,” at their primary care clinic will have a greater reduction in pain impact in the 

year following compared to usual care. Our secondary hypothesis is that the integration and 

coordination of such services will result in lower overall health care and utilization costs for 

such patients compared to those in usual care.

2. Methods

2.1. Overview

We are conducting an effectiveness-implementation hybrid [36] pragmatic clinical trial in 

which we randomize clusters of primary care providers (PCPs) and their patients with 

chronic pain who are on long-term opioid therapy to either receive an interdisciplinary 

behavioral treatment intervention in conjunction with their current health care (intervention) 

or continue with their current health care services (usual care). Additionally, the PPACT trial 

includes robust process and formative evaluation components employing mixed methods to 

better understand the context for the intervention's implementation in the participating health 

care systems.

2.1.1. Primary care clinic eligibility—We have enrolled PCPs and patients in 

three regions of the Kaiser Permanente health care system: Kaiser Permanente Georgia 

(KPGA), Kaiser Permanente Hawaii (KPHI), and Kaiser Permanente Northwest (KPNW). 

Collectively, these sites offer both geographic and demographic diversity. All sites have 

comprehensive electronic health record (EHR) systems that utilize the same software 

platform (Epic); this allows the capture of the same health care utilization data across all 

three sites. Engagement of primary care clinics within each region is high. Operational 

and primary care leaders were interested in having all their primary care clinics and 

PCPs participate. However, the study limited enrollment in the much larger KPNW region 

(561,000 members) to allow a larger and thereby a somewhat more comparable number 

of patients and PCPs to participate from the two smaller regions (KPGA with 250,000 

members and KPHI with 22,000 members). All primary care clinics approached, agreed to 

participate representing all 23 primary care clinics in KPGA, 13 of the 15 primary care 

clinics (87%) in KPHI and 9 of 19 clinics (47%) in KPNW. In both KPHI and KPNW, 

the selection of clinics was based on health care leaders' perception of service need and 

feasibility of implementation. Recruitment for the pragmatic trial began at the KPGA and 

KPNW sites in 2014 and at the KPHI site in 2016; study recruitment ended in the first 

quarter of 2017.

2.1.2. Primary care provider eligibility and enrollment—PCPs participating in the 

trial include Kaiser Permanente (KP) medical doctors, doctors of osteopathic medicine, 

physician assistants, and nurse practitioners who have established panels of patients at the 
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participating primary care clinics. To recruit and enroll primary care providers, a member of 

the PPACT management team worked with participating clinics to present information about 

the trial to all eligible clinicians at a regular clinic staff meeting. The presentations included 

an overview of the study and intervention and information on the actions requested of 

providers during their participation, and covered all elements of informed consent. Providers 

could opt out of participating in the trial. Of the 338 PCPs invited to participate in the study, 

99% agreed to do so (only 2 opted out).

2.1.3. Patient eligibility and enrollment—Patients were identified for the PPACT 

recruitment pool if their PCP agreed to participate in the study and the patients met the 

following eligibility criteria based on a query of the EHR: 1) adult (age 18 years or older), 

2) current KP health plan member with at least 180 days of membership, 3) receipt of 

long-term opioid treatment defined by at least two dispensings of long-acting opioids in the 

6 months prior to recruitment or at least a cumulative 90-day supply of short-acting opioids 

during any 4-month period within the 6 months prior to recruitment, and 4) any type of 

pain diagnosis recorded in the EHR within the previous year. While the chronicity of pain 

was not explicitly part of the EHR eligibility criteria, the fact that patients were required to 

have both a pain diagnosis and receipt of long-term opioid treatment suggests the pain is 

chronic. Patients were excluded based on the EHR query if they: 1) had a current malignant 

cancer diagnosis, 2) had received hospice or other end-of-life palliative care within past year, 

3) were enrolled in current intensive addiction medicine treatment services or had active 

substance dependence diagnosis, or 4) had a cognitive impairment severe enough to preclude 

their participation in a behavioral/lifestyle change program. Exclusionary criteria based on 

EHR review were purposively kept to a minimum to ensure that study participants resemble 

those most in need of these services in the broader population.

2.1.3.1. Patient identification: PCPs were sent a secure staff message through the EHR that 

listed eligible patients on their panel. Providers were asked to review their list of potentially 

eligible patients and respond, indicating any patients who should not be invited to participate 

because they were ill-suited for the intervention. This practice is in line with the pragmatic 

nature of the trial. To date, PCPs have asked to exclude < 2% of identified potentially 

eligible patients, so this practice is not expected to introduce significant bias in our results. 

Patients who met the eligibility based on EHR review and provider approval were mailed a 

brochure or letter that provided an overview of the study, then a member of the study team 

attempted to contact patients by phone to provide an overview of the study and address any 

questions.

Clinical and operational partners in the three health care systems explicitly requested 

that we target more complex patients, that is, those whom PCPs frequently struggle to 

manage independently without additional support. Accordingly, recruitment was prioritized 

for patients who were: on high-dose opioids (morphine equivalence ≥120 mg); concurrently 

using opioids and benzodiazepines; high utilizers of primary care services (≥12 contacts 

within the last three months); and/or identified by their PCP as having a high need for 

additional pain management services. These characteristics were considered by our health 

system partners to indicate patients with more complex conditions for whom they felt this 
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program was most critical. “Prioritization” meant that recruitment follow-up phone contacts 

began with patients meeting these three criteria, and a greater effort was expended to recruit 

such individuals.

During the recruitment phone calls, study staff further screened patients for eligibility by 

using the pain interference general activity item from the PEG (“On a scale from 0 to 10, 
with 0 meaning that pain does not interfere and 10 meaning that pain completely interferes, 
how has pain interfered with your general activity during the past 7 days?”) [36]. Patients 

were included if they reported a pain interference level of 4 or higher [36,37]. Patients were 

excluded if they: 1) did not speak English, 2) exhibited cognitive impairment, 3) were no 

longer paneled to the participating primary care provider or planning to change providers 

in next 12 months, 4) were moving out of the area, or 5) would not be able to attend the 

scheduled intervention group session times for their PCP.

2.1.4. Consent—The Institutional Review Boards (IRBs) at all three KP sites retained 

oversight and approved the trial procedures. The participating IRBs agreed that the study 

posed minimal risk as intervention activities involve the coordination of clinical services 

already available to most (KP) members and therefore presented no more risk of harm than 

what already existed for patients undergoing usual care treatment for chronic pain.

We did not obtain explicit consent from the PCPs; their receipt of the study information 

along with no request to opt out constituted informed consent and is most consistent with the 

goals and methods of pragmatic studies (i.e., folding the process into ongoing clinical care 

rather than carving out a subset of enthusiastic providers for participation). The IRBs at all 

three sites determined this to be an appropriate consent procedure because of the minimal 

risk posed to the providers and because the study involves services typically offered in a 

clinical setting to their patients. For patients, a waiver of signed informed consent and an 

alteration of the Health Insurance Portability and Accountability Act (HIPAA) authorization 

was granted at all sites, and verbal consent and authorization were obtained.

2.1.5. Randomization—PCPs were grouped into clinic-based clusters of 1 to 6 providers. 

Providers with a small number of eligible patients were grouped into multiprovider clusters 

(generally within clinics) to approximate the target of 8 patients per cluster. Of the 106 

clusters, 21 (20%), consisted of a single provider and 85 clusters (80%) consisted of two 

or more PCPs. Clusters with fewer PCPs include providers who have a large number 

of potentially eligible patients on their panel whereas clusters with more PCPs include 

providers who have fewer of these patients on their panels. Clusters were randomized to 

either the intervention or usual care at a 1:1 ratio. A total of 106 clusters were randomized, 

representing 273 PCPs with patients in the study. (Note: Although 336 providers agreed 

to participate in the study, not every PCP had patients who consented to participate.) 

Recruitment and randomization occurred in 20 waves from March 2014 through February 

2017, with 2 to 6 clusters per wave at any given site (Fig. 1). The variability in timing of 

recruitment waves and schedule reflects our efforts to accommodate regional needs. Each 

recruitment wave focused on provider clusters within a given clinic or small number of 

clinics in close demographic proximity; hence, the distribution of cluster characteristics, 
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including the number of providers per cluster, should be similar across the two arms. The 

design does not formally require that these characteristics be balanced.

A total of 851 patients are participating in the study; 67% of enrolled patients are female, 

13% are Black or African American, 3% are Hawaiian or Pacific Islander and the mean age 

of enrollees is 60.3 (SD 12.1). According to diagnoses documented in the EHR, many of 

those enrolled have multiple chronic co-morbidities. Specifically, 53% have two or more of 

the following chronic conditions, cardiovascular disorder, hypertension, diabetes and chronic 

pulmonary disease, in addition to their chronic pain. Notably, 33% have been diagnosed with 

depression, 21% with anxiety and 5% with post-traumatic stress disorder. Drug abuse was 

documented for 5% of enrollees and alcohol abuse for 4%. All patients are on long-term 

opioid treatment, since it is a condition of eligibility, and 20% were prescribed a daily 

morphine equivalent dose at or above 90 in the 6 months prior to randomization and 27% 

were concurrently taking benzodiazepines. Close to three-quarters (72%) had at least two 

types of pain conditions and close to half (46%) had three or more pain conditions diagnosed 

in the 6 months prior to enrollment. These characteristics are consistent with our intent to 

reach complex patients with more severe chronic pain presentations.

3. Intervention

The intervention integrates a number of services—behavioral services, nursing care 

management, physical therapy, and pharmacy consultation—into the primary care 

environment with the goal of helping patients develop skills to self-manage their condition. 

Rather than patients being seen by providers from these disciplines sequentially—which 

could result in variable coordination, as is often the case in clinical care settings—the goal 

of the intervention is to integrate the work of these providers to promote better coordinated 

and highly patient-centered care. The intervention consists of 1) a comprehensive intake 

evaluation, 2) cognitive behavioral therapy (CBT)-based pain coping skills training and 

adapted movement practice provided in 12 weekly group sessions, and 3) PCP consultation 

and patient outreach.

This approach is consistent with chronic care models of care [38–42], previous collaborative 

care and interdisciplinary behavioral approaches to the management of chronic pain 

[27,35,43–46], the many studies done on the pain coping skills training approach [29,30,47–

49], and chronic pain treatment guideline criteria [50–52]. A visual depiction of patient flow 

through the intervention is shown in Fig. 2.

The goal of the intake is to orient patients to the program, identify possible factors 

contributing to the pain and functional impairment, and tailor core intervention goals so that 

they are consistent with the patients' specific circumstances and preferences. Intakes were 

conducted by either the nurse case manager or behavioral specialist (2 sessions). Screening 

focuses on identifying common comorbid conditions that often exacerbate pain and impact 

functioning and for which treatment is available within these health care settings (i.e., 

depression, anxiety, substance disorders, post-traumatic stress disorder, and sleep apnea). 

PCPs are provided information about any comorbid condition so that treatment services 

could be provided, if warranted. The intake also includes a pharmacist chart review of 
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medications with the goal of advising PCPs about potential alternatives to opioids or other 

adjustments of psychotropic medications. Lastly, as part of the intake a physical therapist 

meets with patients (1 session) to identify any adaptations that may be warranted for them 

to participate in the adapted movement portion of the intervention and to help the patient 

develop physical activity goals.

The 12 weekly group sessions that focus on coping-skills training and adapted-movement 

practice comprise the core of the intervention. The group sessions were designed to be 

co-led by the nurse case manager and behavioral specialists but with the recognition that 

sometimes sessions would be led by a single individual from one of these disciplines 

depending on current staffng availability at the site. Group activities and content are 

designed to 1) enhance patients' self-efficacy in using coping skills to control pain, 

2) decrease maladaptive pain catastrophizing, 3) decrease fear of movement, and 4) 

increase the level and range of social and physical activities. Specific evidence-based 

pain-coping skills training (PCST) skills taught include: progressive muscle relaxation and 

minipractices (brief applied relaxation), activity-rest cycling, pleasant activity scheduling, 

guided imagery and other distraction techniques, emotional regulation skills, identifying/

challenging negative thoughts and use of calming self-statements, problem-solving, and 

relapse prevention and maintenance. Each group session includes instruction and practice 

in yoga-based movement, which is designed to enhance core strength and coordination 

and thereby enhance confidence in participating in broader physical activity goals. The in

session practice is limited to seated and supported standing poses and uses the “Relax Into 

Yoga” DVD, which is based on Yoga of Awareness trials with vulnerable populations [53–

56]. The same DVD is provided to intervention participants to guide their home practice. 

PPACT interventionists contact participants between each session to discuss progress and 

adherence to the home-practice component of the program.

Finally, PPACT interventionists meet with intervention participants' PCPs after their patients 

complete the intake process but have not yet started group sessions (to review intake 

summary), and at the end of the intervention to review patients' progress and maintenance 

plan. If PCPs are willing, an additional telephone session is scheduled between them and 

their patient-participants to discuss patients' self-identified functional goals and reinforce 

their self-management efforts.

Core PPACT interventionist team (behavioral specialists and nurse care managers) were 

expected to participate in a two-day in-person training led by study investigators (FJK, LB, 

LLD) with PPACT physical therapists and pharmacists participating in relevant portions 

of the training. Each interventionist was required to reach proficiency in the manualized 

intervention approach which was assessed through review of audio-recorded mock and 

actual sessions prior to beginning work with study participants. In addition, interventionists 

received biweekly telephone consultation with clinical investigators on the study (FJK, LB, 

LDD) who reviewed audio recordings of group sessions and provided feedback regarding 

treatment quality and adherence to the study protocol.
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4. Primary and secondary outcomes

4.1. Pain impact and pain-related disability

Our primary measure of pain impact is the PEG [57,58], a validated three-item measure 

derived from the short form of the Brief Pain Inventory (BPI-SF) [36,37]. The original 

9-item version of the BPI-SF has been widely adopted for clinical pain assessment, 

epidemiological studies, and studies of pain treatment effectiveness [57,58]. Pain impact is 

a composite measure of pain intensity (question 1: how bad is your pain?), pain interference 

with enjoyment of life (question 2), and pain interference with general activity (question 3) 

as rated over the previous 7 days on an 11-point Likert scale [57,58]. The brevity of the PEG 

makes it more acceptable for use by PCPs and their support staff in busy clinical practice 

settings. We worked closely with clinical stakeholders in each of the participating health 

care systems during the preparatory phase of the project to establish use of an assessment 

that had acceptable psychometrics, was brief enough, focused on functioning and was easily 

interpretable. The PEG fulfilled these criteria whereas the lengthier BPI-SF did not.

Pain-related disability, a secondary outcome, is assessed using the 24-item Roland Morris 

Disability Questionnaire (RMDQ), which has been validated in patients with low back pain 

and other chronic pain conditions [59–63]. Items on the RMDQ are rated as yes/no.

4.2. Utilization of health care services

We will also assess utilization of health care services of specific relevance for the 

PPACT target patient population. These utilization variables include: the amount of opioids 

dispensed (in morphine equivalent dispenses), both aggregated and disaggregated primary 

care contacts (i.e., outpatient visits, e-mail contacts, telephone contacts), use of specialty 

pain services (i.e., physiatry, pain medicine, physical therapy, and occupational therapy 

services), inpatient services related to the participant's pain condition (i.e., surgeries, 

implementation of pain-related devices), receipt of pain and psychotropic medications, and 

overall outpatient utilization.

4.3. Patient satisfaction

We worked with KP regional stakeholders to identify patient satisfaction questions that they 

believed to be of importance in evaluating the intervention. We are using two questions, one 

assessing patients' satisfaction with their primary care services, and a second assessing their 

satisfaction with overall pain-related services provided by the health plan. The questions 

assess satisfaction over the past 3 months on a 5-point Likert scale (“very dissatisfied” to 

“very satisfied”).

4.4. Data collection methods and schedule

The PEG and RMDQ are collected quarterly during patients' 12-month study participation: 

at baseline and at 3, 6, 9, and 12 months. Quarterly data collection was chosen to ensure 

adequate data for analyses but not overburden patients. There are three tiers to the data 

collection process. First, patients are sent a message via the patient EHR portal, kp.org., 

where they can manage medical appointments and prescriptions as well as send electronic 

communications to clinic staff. Surveys completed via kp.org are stored directly in patients' 

DeBar et al. Page 8

Contemp Clin Trials. Author manuscript; available in PMC 2018 May 02.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



medical records. Next, if the kp.org survey is not completed within 1 week, patients are 

contacted via KP's interactive voice response (IVR) system and asked to complete the survey 

by phone. If surveys are not completed via IVR within another week, a third data-collection 

method is used: patients are called by research staff and asked to complete the survey. 

Patient-reported satisfaction with health care services is collected twice: at baseline and 5–6 

months after enrollment, which is shortly after the conclusion of the intervention.

All other data to be used for secondary analyses are extracted from the EHR. These data are 

extracted for the 12 months prior to enrollment and the 12 months of study participation. A 

summary of data collected and the schedule of data collection is included in Table 1.

5. Data safety and monitoring plan

Due to the low risk posed to patients by the PPACT pragmatic clinical trial, the data safety 

and monitoring plan relies on close monitoring by the principal investigator in conjunction 

with experienced clinicians on the investigative team, and by the National Institutes of 

Health-approved independent monitor. Reviews of hospitalizations and deaths among active 

subjects are conducted by the independent monitor every 6 months for the duration of the 

study.

6. Analytic approach for primary and secondary outcomes

The following analytic framework will be used for our primary and secondary outcome 

analyses. All analyses will be performed using an intention-to-treat framework, and tests 

will be evaluated at a two-tailed alpha level of 0.05. Because of the nested structure of 

the data (observations nested within patients nested within provider groups), we will use a 

three-level hierarchical linear model (HLM: mixed models, random effects regression, and 

multilevel models) to account for the intraclass correlation that results from the nesting 

[64–66]. An advantage of multilevel modeling is that unlike repeated measures analysis 

of variance, it does not require the same number of data points from all patients, thus all 

patients with at least a baseline measure can be included in the analysis. The first level 

of the model will include time as a predictor (five timepoints, representing the number of 

weeks since baseline), thus modeling the within-person trajectories across time. We will use 

two parameters (linear and quadratic slope) to characterize change across time, with linear 

slope capturing initial rate of change and quadratic slope reflecting the degree to which 

the change slowed (or increased) over time. The second level of the model may include 

patient-level covariates as predictors of the baseline PEG score and the slope parameters for 

time. Randomization is expected to balance most potential patient-level covariates, however, 

in the case of remaining residual imbalances, covariates will be included in the model. These 

may include variables such as substance use problems/history, number of pain conditions 

and type, and other comorbid medical and mental health conditions. The third level will 

include a dummy variable for arm as the predictor of the patient-level intercept and slope 

parameters for time. A significant coefficient for arm on the slope(s) of time would indicate 

that there are different trajectories across time for each arm. A pattern in which those in 

PPACT demonstrate a greater reduction in pain impact over time than those in the usual care 

arm would provide support for the effectiveness of PPACT. We will use the same analytical 
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framework for the RMDQ. Because there are only two timepoints available for satisfaction, 

we will be limited to a two-level model of the difference scores between 6 months and 

baseline of patients nested within provider groups.

Level-1 model

Ytij = π0ij + π1ij ∗ (LIN_TIMEtij) + π2ij ∗ (QUAD_TIMEtij) + etij

Level-2 model

π0ij = β00j + β01j ∗ (Patient_covariatesij) + r0ij
π1ij = β10j + β11j ∗ (Patient_covariatesij) + r1ij
π2ij = β20j + β21j ∗ (Patient_covariatesij) + r2ij

Level-3 model

β00j = γ000 + γ001(ARMj) + u00j
β01j = γ010
β10j = γ100 + γ101(ARMj) + u10j
β11j = γ110
β20j = γ200 + γ201(ARMj) + u20j
β21j = γ210

where: Ytij is the outcome for person i under provider j at time t, π are level 1 (occasion) 

regression coefficients, etij is the random error associated with person i under provider 

cluster j at time t, Lin_Time is the number of weeks since baseline and Quad_Time is the 

number of weeks since baseline squared, β are level 2 (patient) regression coefficients, r are 

level 2 random effects, γ are level 3 (provider cluster) regression coefficients, u are level 3 

random effects, and arm is an indicator variable.

Hierarchical generalized linear modeling (HGLM) will be used to test the secondary 

outcomes: opioids dispensed, pain treatment and diagnostic procedures, emergency/urgent 

care visits, primary care visits, and specialty care visits over 12 months. These will 

be two-level models, with patients forming the first level of the model and clinics the 

second level. Patient-level covariates will be included in the first level, and PPACT versus 

a usual-care dummy variable will form the second level of the model. This will allow 

us to test whether the secondary outcomes differ for the two groups, controlling for 

differences in patient characteristics. Because the utilization variables are likely to follow 

non-normal distributions, we will use Poisson, Negative Binomial, or Gamma distributions 

as appropriate for the distribution of each secondary outcome variable.

Level-1 model

ηij = β0j + β1j ∗ (Patient_covariatesij)
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Level-2 model

β0j = γ00 + γ01 ∗ (ARMj) + u0j
β1j = γ10

where: ηij is the outcome defined by the identity link (log) and distribution (gamma, 

Poisson, or Negative Binomial), β are level 1 (person) regression coefficients, γ are level 

2 (provider cluster) regression coefficients, u is the level 2 random effect for the level 1 

intercept, and arm is an indicator variable.

6.1.1. Power for primary outcome

We calculated power using the PASS software program, which applies the formulas 

from Donner and Klar [67] and assumes a simple ANOVA framework with no covariate 

adjustment. Based on direct estimates of the intraclass correlation coefficient (ICC) of 

PEG slopes clustered within provider groups that we derived from historical data from 

the KPNW region, we estimate the ICC to be 0.0013. In the calculations presented 

below we conservatively use ICCs of 0.002, 0.005 and 0.01. From the literature, we also 

expect standardized effect sizes to range from 0.022 to 0.54 [27,31,32,37,68], and therefore 

conservatively calculated power for effect sizes ranging from 0.16 to 0.24 standard deviation 

units (SDUs).

Our initial study design nominally called for 120 total clusters of 10 patients each. In 

practice, however, we randomized 106 PCP clusters, and cluster sizes have varied from 3 to 

13, with a mean of 8 and interquartile range of 6–10. As seen in Table 2, we constructed our 

power calculations to accommodate the possibility of such smaller cluster sizes. With the 

likely ICC of 0.002 and 106 clusters with an average cluster size of 8, we should have 93% 

to detect a standard effect size of 0.24 and 88% power to detect an effect size of 0.22.

7. Economic evaluation

In our economic analysis of the PPACT intervention, we will assess the resources and 

costs necessary to deliver the PPACT intervention in routine clinical practice, and the cost

effectiveness of the PPACT intervention compared with usual care. Costs will be reported 

at three levels: 1) costs related to the intervention delivery, 2) medical care costs related 

to pain control, and 3) the total cost of medical care. Intervention costs will be estimated 

using EHR data, supplemented with data collected directly from intervention team staff. A 

sampling of clinical visits and interviews with intervention delivery staff will be used to 

determine the time needed to deliver the intervention. We will also consider costs related 

to the administration of the PPACT intervention in practice, including project management, 

training, and additional team meetings.

Using EHR data, we will aggregate medical care events related to pain control and total 

costs at meaningful levels in order to demonstrate how the intervention impacts medical care 

resource use, specifically inpatient stays, outpatient procedures, clinic visits, and pharmacy 

dispenses. We will identify medical care utilization events that are related to pain control and 
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the intervention using ICD-9CM, ICD-10CM, and CPT codes. To facilitate costing, we will 

examine the number and type of health care encounters participants receive over the course 

of their 12-month participation in the study. We will capture inpatient stays by extracting 

the information in the discharge abstract, including ICD-9 and ICD-10 codes and procedures 

and length-of-stay information necessary to cost the event.

Medical care utilization events will be analyzed using mixed effects Poisson regression 

analysis, with primary care provider cluster as a random effects factor and follow-up time 

as an offset variable. We will estimate quantities of medical care events (i.e., inpatient stays, 

out-patient procedures, clinic visits, and pharmacy dispenses) using separate regression 

models.

8. Process and formative evaluation

The PPACT process evaluation assesses fidelity of intervention delivery (the extent to which 

the intervention is delivered as intended), the intervention dose (how much of the intended 

intervention is delivered), and the reach to the groups targeted by the intervention (the 

proportion of intended recipients who actually participate in an intervention) using the 

RE-AIM framework [69,70] as a guide.

For the study's formative evaluation framework, we use PRISM [71], created to complement 

RE-AIM and focused on delineating criteria for successful implementation of interventions 

in health systems. Further, the structure, staffng, and analysis of formative evaluation data 

is guided by the Rapid Assessment Process (RAP) [72,73], which employs ethnographic 

assessment by teams to gather and analyze information quickly to build an evolving 

understanding of conditions related to a planned or existing intervention. Data used for 

the process evaluation include: journal entries compiled by the study team (to document 

the conversations, current practices, and PPACT-related concerns that arise in the course of 

their interactions with stakeholders, project staff and teams) as well as patient surveys and 

telephone interviews with patients, clinicians and operational leaders. As part of RAP, the 

qualitative team meets regularly to review data collection and incremental data analyses to 

compile an emerging picture of the progress of the intervention, and the results of these 

analyses become part of debriefing meetings and progress reports to the larger research 

team.

9. Discussion

The PPACT pragmatic clinical trial addresses one of the most pervasive and costly public 

health problems in the United States: chronic pain. The trial tests the effectiveness of 

integrating an interdisciplinary behavioral intervention within a primary care environment. 

The intervention is based on three key principles: 1) Patients learn active pain-coping skills 

and adapted movement, as distinguished from passive approaches such as pharmacotherapy 

and/or procedural interventions; 2) there is a focus on patients' improvements in function, 

rather than solely on pain relief; and 3) interdisciplinary team members make efforts to 

actively collaborate with and support primary care providers with the goal of enhancing 

the providers' skills and confidence in working with these patients. Our study builds upon 
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previous multimodal behavioral pain management approaches [27,32,35,74] by conducting 

the research within a pragmatic trial framework that is focused on applicability, broad 

inclusion, flexibility in intervention implementation, and attention to the outcomes most 

meaningful to key stakeholders.

Importantly, the impetus for this study emerged from clinical and administrative leaders of 

the participating health plans who acknowledged struggling with the provision of adequate 

nonpharmacological pain management services to patients with complex pain receiving 

long-term opioid treatment. These leaders sought partnership with our research team to 

implement and evaluate a primary care-based interdisciplinary behavioral pain management 

program. The health plan leaders identified patients on long-term opioid treatment as 

those for whom they were willing to extend and potentially sustain the staffng resources 

needed for this relatively intensive intervention by clinical care standards. The interest 

and commitment of these leaders has resulted in a stronger partnership than might have 

otherwise developed.

A further strength of the trial is its large and diverse sample. The sample is geographically, 

racially, and ethnically diverse. Further, input from health plan and clinical leaders shaped 

study decisions, including extending trial eligibility to those with common types chronic 

pain who were being treated with long-term opioid therapy. The biopsychosocial model and 

previous studies suggest that the type of multimodal behavioral treatment offered in this trial 

can be effective with a range of pain conditions [1,2,24,35,45,46]. To our knowledge, this is 

the largest sample ever recruited for an interdisciplinary pain management trial and uniquely 

includes patients presenting with a variety of chronic pain conditions and comorbid medical 

and mental health conditions. The PRagmatic-Explanatory Continuum Indicator Summary 

(PRECIS-2) is a tool developed to describe how “pragmatic” a specific trial is with respect 

to nine key domains [75]. Fig. 3 illustrates where the PPACT pragmatic clinical trial falls 

on this continuum for each domain, as judged collectively by the research team who are 

authors of this paper. This illustrates that although the trial is very pragmatic on many of 

these domains (eligibility, setting, primary outcome, and primary analysis) others are less 

“pragmatic” by design as appropriate for a more intensive behavioral intervention with a 

complex population (recruitment, flexibility: delivery, flexibility: adherence).

In summary, the PPACT study is a novel, Type 1, effectiveness-implementation, cluster

randomized pragmatic clinical trial. The study is designed to evaluate an intervention that 

has the goal of helping patients learn to apply an array of coping and self-care skills for 

managing chronic pain and limit use of opioid medications, and helping PCPs identify and 

treat complicating factors amenable to treatment in primary care settings. In addition to 

testing the effectiveness of a multimodal behavioral pain management intervention, our 

goal is to identify, evaluate, and optimize strategies that enhance the sustainability of 

such an intervention in the everyday clinical work flow of primary care. We hope this 

work will inform feasible approaches to pain management in the primary care setting, 

potentially providing a more effective, safer, and more satisfactory alternative to the current 

over-reliance on opioid-based chronic pain treatment.
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Fig. 1. 
PPACT study waves.
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Fig. 2. 
PPACT intervention description.
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Fig. 3. 
PPACT PRECIS-2 scoring.
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