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ABSTRACT
Background: African Americans bear a disproportionate burden of osteoarthritis (OA), with
greater pain and disability compared with non-Hispanic whites. Pain coping skills training (CST)
is a promising intervention to improve outcomes among African Americans with OA, but there
has been little study of pain CST among this population.
Objective: This project engaged African Americans with OA and other stakeholders (caregivers,
clinicians) to culturally tailor a CST program for African Americans and then evaluated the CST
program in a multisite randomized controlled trial.
Methods: We randomized 248 African Americans (51% male, mean age = 59 years) with knee
OA, with equal allocation to CST and wait list (WL) control groups. The CST program involved 11
telephone-based sessions over 12 weeks, delivered by a counselor. We assessed outcomes at
baseline, 3 months, and 9 months and included the Western Ontario and McMaster
Universities Osteoarthritis Index (WOMAC) pain subscale (primary outcome); WOMAC total
score and function subscale; Patient-Reported Outcomes Measurement Information System
(PROMIS) Pain Interference; Short Form-12 (SF-12) Mental and Physical Composite Subscales;
Coping Strategies Questionnaire (CSQ)—Total Coping Attempts; Pain Catastrophizing Scale
(PCS); Patient Health Questionnaire-8 (PHQ-8), Arthritis Self-efficacy Scale; and Patient Global
Impression of Arthritis Symptom Change. We fit linear mixed models for all outcomes.
Results: Of participants, 92% and 85% completed 3- and 9-month follow-up assessments,
respectively, and approximately 20% of participants attended < 2 CST sessions. We found no
significant between-group differences in WOMAC pain scores at 3 months (–0.63; 95% CI, −1.45
to 0.18; p = 0.128) or 9 months (–0.84; 95% CI, –1.73 to 0.06; p = 0.068).
Among secondary outcomes, at 3 months we found significant differences, in favor of the CST
group, for CSQ–Total Coping Attempts, PCS, Arthritis Self-efficacy, and Patient Global
Impression of Arthritis Symptom Change (all p < 0.01). CSQ–Total Coping Attempts, Arthritis
Self-efficacy, and Patient Global Assessment of Pain Change were also significantly improved at
9 months in the CST group, compared with WL (all p < 0.01).
Conclusions: The culturally tailored pain CST program did not significantly reduce pain severity
but did improve key measures of pain coping and perceived ability to manage pain among
African Americans with OA. The suboptimal intervention attendance illustrates the real-world
challenges of identifying individuals who are most likely to engage with the intervention as well
as the need to further evaluate intervention design to help participants complete pain CST,
even in the face of many competing life responsibilities.
Limitations: Limitations include the lack of de novo radiographs to confirm OA status, inclusion
of patients in only one geographic region, and inclusion of a relatively well-educated sample.
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BACKGROUND
African Americans bear a greater burden of osteoarthritis (OA) than non-Hispanic
whites, including higher prevalence and more severe pain and functional limitations.1-5 This is
consistent with the greater levels of chronic pain observed generally among African Americans.6
Although these disparities are well documented, efforts to develop interventions to improve
pain-related outcomes among African Americans have been limited.7,8
Pain coping skills training (CST) may be a promising intervention approach for African
Americans with OA. First, prior studies have shown that pain CST can improve outcomes among
individuals with OA in general,9-15 though study samples have included primarily non-Hispanic
whites. In particular, a meta-analysis shows that psychological interventions including cognitive
behavioral therapy (which underlies pain CST) were associated with improved pain severity and
psychological outcomes among individuals with arthritis.10 Second, African Americans report
higher levels of pain catastrophizing,16-19 lower perceived ability to cope with and control
pain,20 and more frequent use of maladaptive coping strategies3,18,20-22 compared with nonHispanic whites. Pain CST uses cognitive and behavioral approaches that can modify
maladaptive coping behaviors and enhance the use and perceived effectiveness of pain coping
strategies.11,12,23-25 Third, prior research suggests pain coping and other psychological variables
are key factors underlying racial differences in OA-related pain.2,3 Therefore, these factors are
logical targets for interventions that aim to improve pain-related outcomes among African
Americans with OA.
Although pain CST programs have empirical support, there have been no studies of pain
CST specifically among African Americans with OA, and most participants in previous studies
have been non-Hispanic whites.13-15,26-32 Further, there has been limited engagement of African
Americans to obtain perspectives on cultural appropriateness of behavioral interventions for
pain, such as CST. It is critical that these interventions consider the cultural values and pain
experiences of African Americans, which may differ from other demographic groups.33,34 For
example, African Americans often experience more and different stressful events than nonHispanic whites, and these can contribute to the pain experience.35 Also, one cultural value of
5

many African Americans is religion or spirituality, and African Americans tend to employ more
religious coping strategies than non-Hispanic whites.35,36 Attention to these experiences and
values is particularly important, because pain CST programs weave coping skills into contexts,
activities, and relationships. In addition, the broader literature illustrates the importance of
culturally tailoring interventions to improve potential for success when focusing on minority
populations.37
The overall goal of the Pain Coping Skills Training for African Americans with
OsteoaARThritis (STAART) study was to examine the effectiveness of a culturally tailored pain
CST program among African Americans with OA.38 The specific aims and hypotheses of this
study were the following:
Aim 1: Engage African American patients with OA, their support partners, health care
providers, clinic administrators, and public health representatives to evaluate and refine a pain
CST program for culturally appropriate content and dissemination potential (eg, cultural
tailoring).
Aim 2: Examine the effectiveness of a 12-session, culturally enhanced, telephone-based
pain CST program among African Americans with hip or knee OA.
Hypothesis 1: African Americans with symptomatic OA who receive the pain CST
intervention will have clinically relevant improvements in pain (Western Ontario and McMasters
Universities Osteoarthritis Index [WOMAC]: primary outcome) and secondary related outcomes
at 3-month follow-up, compared with a wait list (WL) control group.
Hypothesis 2: African Americans with symptomatic OA who receive the pain CST
intervention will have clinically relevant improvements in WOMAC pain score and secondary
related outcomes at 9-month follow-up, compared with a WL control group.
Aim 3: Examine whether individual patient characteristics (particularly baseline pain
catastrophizing score, comorbidity, and duration of OA symptoms) are associated with
differential improvement in WOMAC pain score following the CST program.
6

PATIENT AND STAKEHOLDER ENGAGEMENT
Types and Numbers of Stakeholders Involved
Our stakeholder panel comprised 3 patients with knee OA, 4 representatives of national
organizations seeking to improve outcomes for people with OA (Arthritis Foundation, Centers
for Disease Control and Prevention [CDC] Arthritis Program, Movement Is Life), and 1 primary
care clinician.

Overview of Stakeholder Panel and Recruitment
We developed the stakeholder panel to reflect different “key voices” related to
experiences of living with and managing OA, health disparities, and disseminating behavioral
interventions related to OA and within African American communities. Our stakeholder panel
included the following:
1. Three African American patients with knee OA (2 female, 1 male): One patient
stakeholder had participated in a prior study of a pain CST intervention, led by a study
co-investigator who invited her to participate on our panel. The other 2 patient
stakeholders had worked with our team on a stakeholder panel for a prior study (also
involving a behavioral intervention for OA) and continued to work with us on this
project.
2. Two representatives from federal public health organizations: We invited
representatives from the CDC Arthritis Program and the Arthritis Foundation to
participate on the stakeholder panel (1 from each organization); they focused on
emphasizing the patient-centeredness of the intervention as well as its future
dissemination. Our study team had previously worked with these 2 organizations
(including in stakeholder roles on a prior PCORI study and in the contexts of professional
societies, including the American College of Rheumatology), and we asked if they would
appoint an appropriate representative to our stakeholder panel. These representatives
were white; African American representatives were not available from these
organizations at the time of the study.
7

3. Two representatives from the Movement Is Life national caucus, which addresses
musculoskeletal health disparities: This organization focuses on reducing racial and
gender disparities in musculoskeletal conditions, including OA, with an emphasis on
tailoring and disseminating behavioral interventions. We had also worked with this
organization before (Dr. Allen was a member of the steering committee) and requested
their representation on our panel to share ideas on strategies they have found
successful in their work relevant to this study. These representatives were African
American.
4. One African American primary care physician with health disparity expertise: We
invited a local clinician, who runs an organization that focuses on improving health
outcomes for African Americans, to provide expertise in patient-centered approaches
and dissemination strategies.

Overview of Stakeholder Panel Activities
Because of the geographic range of our stakeholder panel, we held meetings via
teleconference. Although the frequency of contact varied throughout the study period, we held
a monthly meeting or had some other form of monthly communication (eg, email update with
invitation for further input). Prior to proposal submission, stakeholders provided us with
feedback on the study design and intervention, and we held individual meetings with patient
stakeholders. We held a kickoff call with the full study team and stakeholder panel at the
beginning of the funding period. During this call, we revisited the overall study design,
measures, and intervention, inviting the panel’s input on all aspects of the study. Future calls
addressed relevant issues for various study stages, including recruitment strategies and
participant retention.

Impact of Engagement on the Study
The following are key contributions of our stakeholder panel across the study phases:
1. Measures: During the start-up phase, the stakeholder panel advised against using an
extended-period pain diary because of participant burden; as a result, we omitted this
8

measure. The panel recommended we include brief measures related to physical activity
and weight management as these were included in the intervention. The panel also
advised on strategies and wording related to asking patients to bring their arthritis
medications to study assessment visits.
2. Participant Recruitment: Stakeholders (particularly local ones) provided suggestions on
mechanisms and locations for advertising the study and reaching out to potentially
eligible patients. Examples included convenience stores, community centers, and
additional clinic locations.
3. Participant Engagement in the Pain CST Intervention: We faced challenges engaging
some study participants in the intervention (eg, despite consenting and completing
outcome assessments, they failed to respond to calls from the study interventionist).
The stakeholder panel worked with the study team to help boost engagement among
enrolled participants. A key part of this effort was enhancing the scripts for our initial
recruitment call to help ensure that potential participants fully understood the nature of
the intervention (eg, emphasizing the number of sessions and duration) and were truly
interested in participating (eg, giving a specific verbal opportunity to opt out). Following
these changes, we noted a substantial improvement in intervention
engagement/participation.
4. Results Dissemination: Stakeholder panel members contributed to discussions about
content and framework for a baseline characteristics paper and various ideas for other
papers (eg, description of participant feedback on the intervention, relationship of
comorbidities to pain coping). As we work through submitting our main outcomes paper
to a scientific journal, the stakeholder panel will continue to advise about avenues and
strategies for disseminating results to patients and other relevant communities.
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METHODS
Study Overview
The STAART trial was a parallel-group design, randomized controlled trial with 248
participants assigned with equal allocation to a pain CST group and a usual care, wait list control
group. Following completion of final follow-up assessments (9 months from baseline),
participants in the WL control group were offered the pain CST program. All study participants
continued with their usual medical care for OA during the study period. Enrollment began on
May 2, 2016, and follow-up assessments were completed on May 2, 2018.
Specific aims and associated hypotheses for this project were the following:
Aim 1: Engage African American patients with OA, their support partners, health care
providers, clinic administrators, and public health representatives to evaluate and refine a pain
CST program for culturally appropriate content and dissemination potential (eg, cultural
tailoring).
Aim 2: Examine the effectiveness of a 12-session, culturally enhanced, telephone-based
pain CST program among African Americans with hip or knee OA.
Hypothesis 1: African Americans with symptomatic OA who receive the pain CST
intervention will have clinically relevant improvements in pain (WOMAC: primary outcome) and
secondary related outcomes at 3-month follow-up, compared with a WL control group.
Hypothesis 2: African Americans with symptomatic OA who receive the pain CST
intervention will have clinically relevant improvements in WOMAC pain score and secondary
related outcomes at 9-month follow-up, compared with a WL control group.
Aim 3: Examine whether individual patient characteristics (particularly baseline pain
catastrophizing score, comorbidity, and duration of OA symptoms) are associated with
differential improvement in WOMAC pain score following the CST program.
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Study Setting
We enrolled participants from the Durham Veterans Affairs Health Care System
(DVAHCS) and the University of North Carolina (UNC) Health Care System (n = 124 at each site).
We selected these sites because they serve a substantial proportion of African Americans with
OA. In addition, we selected the VA site because veterans are disproportionately affected by
OA.

Participants
Study inclusion criteria were self-reported black or African American race; diagnosis of
knee or hip OA (identified from DVAHCS or UNC electronic medical records or based on
participant self-report at screening); and self-report of pain, aching, stiffness, or swelling in or
around a hip or knee with OA on most days for the past month. Exclusion criteria are shown in
Table 1.
We recruited participants using 3 methods: (1) proactive recruitment of patients with
evidence of knee or hip OA in DVAHCS and UNC medical records (these individuals were mailed
an introductory letter); (2) advertisements at study sites and surrounding communities; and (3)
referrals from health care providers at both study sites. We screened all potentially eligible
individuals via telephone; we invited those who met eligibility criteria to an in-person visit to
complete consent and baseline assessments. We used a culturally enhanced informed consent
process that included materials developed by the National Medical Association as part of
Project IMPACT – Increase Minority Participation and Awareness of Clinical Trials.39 Specifically,
prior to study enrollment we mailed potential participants the “You’ve Got the Power!”
booklet, and at the baseline visit we showed them the “What You Should Know About Clinical
Trials” video, which includes basic information about clinical trials and perspectives from
African Americans who have participated. Following baseline assessments, the study
coordinator or CST counselor gave participants their randomization assignment over the
telephone, since they were not blinded to treatment assignment. Randomization was stratified
according to enrollment site and gender with a block size of 4; randomization schedules were
computer generated by the statistician and were stored in a study database; the database was
11

configured so that only unblinded research team members (eg, study coordinator,
interventionist) could ascertain participants’ group assignments.

Table 1. Exclusion Criteria
•
•
•
•
•
•
•
•
•
•

Diagnosis of gout (in knee or hip), rheumatoid arthritis,
fibromyalgia, or other systemic rheumatic disease (telephone
screener and electronic medical record [EMR])
Dementia or other memory loss condition (telephone screener
and EMR)
Active diagnosis of psychosis, serious personality disorder, or
current uncontrolled substance abuse disorder (telephone
screener and EMR)
Total hip/knee replacement surgery, other hip/knee surgery,
anterior cruciate ligament (ACL) tear, or other significant
knee/hip injury in the past 6 months (telephone screener)
Scheduled for or on a waiting list for joint replacement surgery
(telephone screener)
Severely impaired hearing or speech (patients must be able to
participate in telephone sessions) (telephone screener)
Unable to speak English (telephone screener)
Participating in another osteoarthritis intervention or coping
skills training study (telephone screener)
Unwilling to be randomized to either study group (telephone
screener)
Lower extremity paralysis (telephone screener and EMR)

Interventions and Comparators or Controls
We based the pain CST program on prior clinical trials among patients with various
chronic pain conditions,11-13,15 as well as African American men with prostate cancer.40 For aim
1 of this project, we engaged our stakeholder panel (African Americans with OA, public health
representatives, and health care providers) in a process of culturally tailoring the CST program,
in which we sought to incorporate the cultural values, pain experiences, and life experiences of
African Americans into both the content and delivery process. We conducted sessions with
African American patients with OA, in which we presented CST modules and then solicited
12

patients’ input about aspects they liked and did not like, concepts that were difficult to
understand, potential barriers to incorporating the skills into daily life, and ways in which skills
related or did not relate to their cultural, spiritual, or other values. These patients, as well as
other key stakeholders, also provided input on the CST handbook. Appendix 1 describes the
input we received from stakeholders and the corresponding adaptations made to the CST
program.
The CST program involved 11 weekly individual sessions, approximately 30 to 45
minutes each, delivered via telephone by a trained counselor. The content for each session is
shown in Table 2 and details of each topic are included in Appendix 2.38

Table 2. Content of Pain CST Sessions
Session

Topic(s) and Skills

1

CST program introduction, education in rationale for CST, progressive
muscle relaxation

2

Mini-relaxation practices, communication with significant others about pain
and coping

3

Managing unhelpful mood (cognitive restructuring)—Part I

4

Managing unhelpful mood (cognitive restructuring)—Part II

5

Activity pacing

6

Pleasant activities

7

Pleasant imagery and other distraction techniques

8

Physical activity and osteoarthritis

9

Weight management and osteoarthritis

10

Skills review and problem solving

11

Relapse prevention and maintenance

13

During intervention phone calls, a counselor provided instruction in cognitive and
behavioral pain coping skills and led participants in guided rehearsals of these skills.
Participants were asked to engage in home-based practice of the skills to enhance their
application in pain-related situations. During each phone call, the counselor reviewed
participants’ home practice, including successes and barriers, encouraged problem solving, and
worked to set goals for application of skills. Participants were given handouts to facilitate each
session, along with an audio recording to guide progressive muscle relaxation. For all
participants in the intervention group, we tracked the number of completed calls.
CST counselors received training in the pain CST protocol, including role play sessions,
by experienced co-investigators. Prior to delivering the CST protocol, study counselors received
certification in the protocol from the experienced investigators. Counselor certification included
delivering each of the 11 study sessions to a confederate participant. An experienced coinvestigator audio-recorded and rated these practice sessions; to certify, counselors were
required to receive at least a 4 out of 5 on a 5-point scale for both quality of intervention
delivery and adherence to the study protocol. Counselor training also included issues related to
cultural sensitivity. In particular, counselors were encouraged to use active listening to identify
opportunities to demonstrate that pain coping skills are compatible with cultural, spiritual,
religious, or other values. CST sessions were audio-recorded; study counselors had hour-long
weekly sessions with experienced investigators to review recorded sessions, and experienced
co-investigators reviewed a subset of intervention calls for quality and adherence.
The control group was usual care/WL. All participants in the study were patients under
care for OA (and other health conditions) at a clinic within their study site and therefore
receiving usual care for OA. At each assessment, we also asked participants to self-report
medications being taken for knee OA.

Study Outcomes
Trained research assistants who were blinded to participants’ randomization assignments
conducted assessments at baseline, 3-month follow-up (following completion of the pain CST
14

program), and 9-month follow-up. The research assistants conducted baseline and 3-month
assessments in person and conducted 9-month assessments via telephone. When participants
could not complete 3-month assessments in person, we allowed for these to be conducted via
telephone. Participants received $50 for completing baseline assessments, $50 for completing
3-month assessments, and $25 for completing 9-month assessments. We selected the primary
and secondary outcomes with the goal of capturing domains that commonly affect people with
OA. In addition, we selected outcomes with prior data on reliability and validity in the context
of OA.

Primary Outcome
WOMAC Pain Subscale
The WOMAC pain subscale, a commonly used and well-validated measure among
patients with lower extremity OA,41 includes 5 items, all rated on a Likert scale of 0 (no
symptoms) to 4 (extreme symptoms), with a range of 0 to 20. The subscale refers to the
severity of pain during the previous 2 weeks for different activities (eg, walking, going up or
down stairs, at night while in bed, sitting or lying, and standing). When individual items were
missing, we followed guidelines regarding when to impute the score. Specifically, we
considered the WOMAC pain subscale invalid if more than 1 item was missing; in the event of 1
missing item, the remaining 4 items were averaged and multiplied by 5.42 A change of about
14% is generally thought to be a clinically meaningful change in WOMAC score in the context of
nonpharmacological interventions for OA.43

Secondary Outcomes
WOMAC Total Score and Function Subscale
In addition to the pain subscale, the WOMAC includes stiffness (2 items) and function
(17 items) subscales. All items are listed rated on a Likert scale of 0 (no symptoms) to 4
(extreme symptoms), with ranges of 0 to 96 for the total score (pain, stiffness, and function
subscales) and 0 to 68 for the function subscale. If more than 4 items were missing for function
15

subscale, or more than 1 item was missing for stiffness subscale, we considered the
corresponding subscale invalid; otherwise, missing items were replaced with the mean of the
nonmissing items.42 The total score was invalid if at least 1 subscale was missing.

PROMIS Pain Interference Instrument (Short Form 6a)
This instrument measures the self-reported consequences of pain, over the previous 7
days, across aspects of life including social, cognitive, emotional, physical, and recreational
activities.44 This validated scale has 6 items with 5 response options, with a Likert scale of 1 to
5; the raw score (sum of all 6 items, range 6-30) is converted to a T score. We replaced missing
items with the mean of nonmissing items if at least 4 items were answered, following the
guidelines
(http://www.healthmeasures.net/images/PROMIS/manuals/PROMIS_Pain_Interference_Scorin
g_Manual_2.pdf).

Short Form-12 Health Survey
The SF-12 covers domains of general, physical, and emotional health, as well as work
and activity limitations.45 We computed both mental and physical health composite scores only
if all items for the score were available; each ranges from 0 to 100, with lower scores indicating
poorer health.

Coping Strategies Questionnaire
The CSQ, which includes 48 items, has subscales that assess 6 cognitive pain coping
strategies (catastrophizing, diverting attention, ignoring sensations, coping self-statements,
reinterpreting pain sensations, and praying-hoping) and 1 behavioral coping strategy
(increasing behavioral activities).46,47 Each subscale includes 6 items, and participants rate the
frequency of their use of specific coping strategies on a 7-point Likert scale from 0 (“never do
that”) to 6 (“always do that”). We calculated all subscales if at least 5 items were nonmissing; in
the event of 1 missing item, the remaining 5 items were averaged and multiplied by 6. We
created a Total Coping Attempts score (range 0-216), which includes 5 cognitive subscales and 1
behavioral subscale but excludes the catastrophizing domain, similar to prior studies.12,26,48-50
16

We did not include the Catastrophizing subscale from the CSQ in these analyses; we measured
catastrophizing using the Pain Catastrophizing Scale (PCS), which includes 5 of the 6 pain
catastrophizing items from the CSQ.

Pain Catastrophizing Scale
This 13-item instrument asks participants to describe their thoughts and feelings when
in pain, assessing domains of rumination (range 0-16), magnification (range 0-12), and
helplessness (range 0-24); all items are rated on a scale of 0 to 4 (total score is computed by
summing responses to all items, range 0-52), with higher scores indicating more pain
catastrophizing.51 We calculated the total score and the subscales if the participant provided
responses to all items.

Patient Health Questionnaire-8
This 8-item survey of depressive symptoms includes items corresponding to the
depression criteria listed in the Diagnostic and Statistical Manual of Mental Disorders (Fourth
Edition).52 All items are scored as 0 (“not at all”) to 3 (“nearly every day”), referring to
symptoms during the previous 2 weeks, with higher scores indicating more depressive
symptoms (total score range 0-24). We considered PHQ-8 missing if more than 1 item was
missing; in the event of 1 missing item, the remaining 7 items were averaged and multiplied by
8.

Arthritis Self-efficacy Scale
This scale includes 8 items asking respondents how certain they are that they can
manage arthritis pain and keep it from interfering with specific activities.53,54 All items are
scored on a scale of 1 (very uncertain) to 10 (very certain). The score for the scale is the mean
of the 8 items (total score range 1-10), with higher scores indicating greater self-efficacy for
managing arthritis symptoms. We considered the scale invalid if more than 2 items were
missing.

17

Yale Physical Activity Survey
This scale was developed to assess physical activity in older adults and includes common
activities (eg, housework, yardwork, leisure activity, moderate-intensity physical activity,
caretaking, and recreational activity) performed during a typical week in the previous month;
higher scores are associated with greater activity level.55 We analyzed the first section of the
tool, in which the time for each checklist activity (work, exercise, and recreational activities) is
multiplied by an intensity code and then summed for all activities to create an energy summary
index. If the time for particular activity was missing, we considered the participant’s score
invalid.

Patient Global Impression of Arthritis Symptom Change
This single-item measure asks participants to describe their change in arthritis
symptoms on a 7-point rating scale with the following options: 1 = “very much improved,” 2 =
“much improved,” 3 = “minimally improved,” 4 = “no change,” 5 = “minimally worse,” 6 =
“much worse,” and 7 = “very much worse”: lower scores indicate more improvement. At both
follow-up times, this item was asked relative to change since baseline.

Demographic and Clinical Characteristics
Participant characteristics include age, race/ethnicity, gender, marital status, household
financial state (with low income defined as self-report of “just meeting basic expenses” or
“don’t even have enough to meet basic expenses” vs “meet basic expenses with a little left over
for extras” or “live comfortably”), education level, work status, duration of OA symptoms,
comorbid illnesses (Self-administered Comorbidity Questionnaire56), and the Duke University
Religion Index (DUREL), which includes 3 subscales of intrinsic religiosity, attendance of
religious services, and frequency of private religious activities.57

Sample Size Calculations and Power
We based the sample size estimate of n = 124 per group on the primary research
question and the 9-month follow-up assessment, because that is the most conservative test
18

due to higher attrition at 9 months vs 3 months. Sample size calculations used methods
appropriate for analysis of covariance (ANCOVA)-type analyses,58 which are equivalent in terms
of efficiency to our proposed linear models in randomized trials.59 Based on previous data, we
assumed a correlation of 0.6 between baseline and follow-up WOMAC pain scores and an SD of
3.9. With 80% power, α = 0.05, SD = 3.9, ρ= 0.60, and a conservative 20% attrition rate by 9
months, we needed to enroll 124 patients per group to detect a 1.3-point difference in mean
WOMAC pain scores at 9 months between the CST group and the WL control group. Based on a
mean baseline WOMAC pain score of 9.2 (based on our prior studies in similar patient
groups),60,61 this corresponds to approximately a 14% improvement or 0.33 (medium) Cohen
effect size difference in WOMAC pain, which is a clinically relevant improvement.43,62 Similarly,
for the remaining secondary outcomes, we were powered to detect a 0.33 effect size difference
for the CST group compared with the WL control group. We had greater than 80% power to
detect a 1.3-point difference in pain scores between CST and WL at 3 months.

Time Frame for the Study
The CST program lasted 11 weeks, or approximately 3 months. Therefore, the first
follow-up assessment was scheduled for 3 months after baseline. The 9-month follow-up
assessment allowed an additional 6 months to assess whether any intervention effects were
maintained.

Data Collection and Sources
We called participants to schedule follow-up assessments; multiple attempts were
made when needed, including calling at different times of day. We used several processes to
maximize retention. First, we offered the WL group treatment after completing the final followup. Second, we provided compensation adequate to support participants’ time and travel for
study assessments. Third, we made reasonable accommodations for participants to complete
their baseline and follow-up assessments. If participants were unable to come to a study
location for a follow-up visit, we allowed for telephone-based assessments in order to minimize
loss to follow-up. Information on withdrawals, loss to follow-up, and exclusion was entered into
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the study database, which included automated functions to minimize and monitor for missing
data.

Analytical and Statistical Approaches
Our primary hypothesis was that participants who received the pain CST intervention
would have greater improvement in mean WOMAC pain score than participants in the WL
group at 3-month follow-up. Analyses involved all randomly assigned participants, using all data
collected for each participant.63 Observations were not deleted due to missing follow-up data.64
The estimation procedure for our analytic technique (linear mixed models) implicitly
accommodates missingness when related to prior outcome or to other baseline covariates
included in the model (missing at random [MAR]). To assess the model’s robustness to missing
observations and strengthen the MAR assumption, we multiply imputed missing WOMAC pain
follow-up scores using a Markov chain Monte Carlo algorithm incorporating additional baseline
variables that were related to missing outcomes: gender, body mass index (BMI), occupational
status, education level, and baseline score for PHQ-8, Arthritis Self-efficacy, PCS, CSQ pain
catastrophizing score and its rumination and magnification subscales, and CSQ reinterpreting
pain sensation subscale.
For continuous outcomes, we fit linear mixed models using the SAS procedure PROC
MIXED with unstructured covariance structure to account for the repeated measures over time.
We used a square root transformation for the Yale Physical Activity Survey score, and we used
the SF-12 mental health component score change from baseline to 3-month and baseline to 9month follow-up as the outcomes, due to normality assumptions.
The predictors in all models, unless otherwise noted, included dummy coded follow-up
time effect(s) and indicator variables for the intervention interacting with the follow-up time
effect(s).59 We assumed equal baseline means across study groups, as is generally appropriate
for a randomized controlled trial.59,65 Final models also included stratification, variables, site,
and gender. For the SFS-12 mental health component change score outcome (as described
above), model fixed-effects terms included baseline Yale score along with indicators for
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intervention and 9-month follow-up as well as interaction of intervention indicator by 9-month
follow-up. Since Patient Global Impression of Arthritis Symptom Change was assessed only at 3and 9-month follow-up, predictors included indicators for intervention and 3-month follow-up
and interaction of intervention indicator by 9-month follow-up.
To address aim 3 (evaluation of whether individual patient characteristics are
associated with differential improvement in WOMAC pain score following the CST program), we
performed analyses to examine whether a priori–selected variables were associated with
differential improvement in WOMAC pain score following the intervention: number of selfreported comorbid health conditions at baseline, self-reported duration of arthritis symptoms,
and baseline pain catastrophizing score. In separate models for each variable, we added the
characteristic and associated interaction variables with treatment group and follow-up time (2and 3-way interactions) to the linear mixed model as described previously for the primary
outcome (WOMAC pain score). We examined parameter estimates and 95% confidence
intervals for 3-way interactions (eg, treatment group x time x patient characteristic) to
determine whether there was evidence of heterogeneity of treatment effects (HTE) based on
that characteristic. In exploratory HTE analyses to identify multidimensional subgroups from a
priori–defined patient characteristics, we used multivariable logistic regression and recursive
partitioning methods.66-70 For the outcome for these exploratory analyses, we constructed a
summary of each participant’s repeated measures profile using empirical Bayes estimates from
linear mixed-effects models to generate individual-level estimates of improvement in WOMAC
pain score at 9 months.71 From the change in WOMAC pain scores between baseline and 9
months, we created a dichotomous variable to indicate whether improvement in WOMAC pain
was greater than 14%, which is indicative of clinically meaningful change in WOMAC pain in the
context of this type of intervention.72
For the risk prediction models used to identify heterogeneous multidimensional
subgroups, multivariable logistic regression models to predict improvement in WOMAC pain
score included the following a priori–selected covariates: age, gender, BMI, baseline WOMAC
pain, catastrophizing, and PHQ-8. Due to lack of an externally validated risk/benefit outcome,
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limited sample size, and the exploratory nature of this analysis, we followed standard
procedures for developing an internal model to risk stratify our sample. Following standard
procedures to prevent overfitting in risk prediction models has shown that bias is not created in
estimation of HTEs.73,74 Based on the distribution of the dichotomous improvement outcome,
to prevent overfitting, we were limited to the number of covariates we could include.75 We fit
restricted cubic splines for all continuous covariates to examine linearity in log odds
assumption. To create heterogeneous subgroups (eg, men and women with ranges of BMI
could be in one quartile), we used estimated individual predicted improvement probabilities
from this model to divide participants into quartiles based on these probabilities and then fit
logistic regression models to each quartile subgroup to examine whether HTEs existed in these
subgroups.
For recursive partitioning methods used to identify homogeneous multidimensional
subgroups (eg, men with high school education) with HTEs, we used model-based recursive
partitioning (MOB) to identify subgroups (partykit package in R). The set of covariates used for
MOB were age, gender, education level, marital status, financial security, BMI, baseline
WOMAC pain and function, pain interference, coping, pain catastrophizing, PHQ-8, Arthritis
Self-efficacy, and the 3 DUREL subscales. We used a logistic model to predict improvement in
MOB with default parameter settings with no Bonferroni correction of P values and minimum
node size of 20.
Because 35% of participants completed < 7 of the 11 CST sessions, we conducted a post
hoc sensitivity analysis for the primary outcome to estimate the effect of receiving a more
complete “dose” of the intervention, known as the complier average causal effect (CACE).76 We
defined compliance a priori as completing at least 7 intervention calls because all of the “core”
content of pain CST was covered during these sessions. (See Table 2; Sessions 8 and 9 covered
physical activity and weight management, which are not routinely part of pain CST programs
but were added here for more of a comprehensive behavioral approach. Sessions 10 and 11
focused on skills review and maintenance.) Because noncompliers were also more likely to drop
out, we first multiply imputed missing 3- and 9-month outcomes using the same procedures as
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described for aim 2. Twenty multiple imputations were generated via the MCMC option in
PROC MI. We calculated the change between baseline and month 3 and baseline and month 9
for each outcome and imputed data set. We then calculated the CACE on these change scores
following the formulas presented in Liang et al and averaged across the 20 imputed data sets.76
We computed confidence intervals (95%) for the CACE estimates via 1000 bootstrapped
samples of the 20 multiply imputed data sets.77

Data Management
Trained research assistants collected and entered data directly into a secure, web-based
database accessible only to research team members based on their duties and blinding status.
Following completion of data collection, we exported outcome data and participant tracking
information from the study database into an SAS database, where data were cleaned prior to
analyses. Data will continue to be housed on a secure UNC server for the duration required by
PCORI and/or UNC. Deidentified data can be shared, following a request to the study team and
proper regulatory approvals.

Changes to the Original Study Protocol
There were no major changes to the study protocol. As noted previously, prior to study
start-up we made minor changes in collection of some secondary outcomes. Protocol
modifications are shown in Table 3.
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Table 3. Summary of Modifications Submitted to the Institutional Review Boards
Date Approved

Notes

8/20/2015

•

Added information about engaging patient stakeholders. In particular, UNC
providers at UNC Family Medicine and Internal Medicine would identify
potential patient stakeholders and provide them with information using the
“STAART Summary for Providers” information sheet. Interested patients
would be contacted by study staff.

9/30/2015

•
•

Extended UNC IRB oversight to an external group.
Requested Reliance Agreement addition of East Carolina University and
Duke.

11/2/2015

•

Added a letter to be sent from UNC providers to potential patient
stakeholders, as well as addition of a clinical and translational research
center (CTRC) addendum, since the CTRC would be used for study visits at
UNC.

12/2/2015

•

Updated study protocol so that we could recruit patient partners using a
flyer as well as a mass email to UNC staff.

3/3/2016

•

Updated the subject payment details to reflect the correct compensation
amounts to subjects: Subjects will receive up to $125 ($50 for each of the 2
in-person visits and $25 for the 9-month telephone assessment).
Edited study materials to provide clarity that the 9-month assessment is
conducted via telephone.
Added the co-investigators to the adult consent form.
Added specific language to the IRB application regarding administering a
feedback questionnaire to subjects.
Removal of pain medication diary from study protocol.
Added department mailing address to the top of the HIPAA Authorization.
Added some additional recruitment methods to the protocol, to include a
variety of methods to advertise the study to potential participants.
Added a question for the phone screener to ask potential participants if
they identify as black or African American (since the study enrolled only
individuals in this racial category). Also added this question to the
demographic information we collected at baseline.
Added a paragraph to the consent form to ask participants to give consent
(or decline consent) to allow us to keep their contact information on file in
case they may qualify for future studies with our research center.
Updated phone screener to better reflect our inclusion criteria as it related
to osteoarthritis (OA) diagnosis and symptoms.

•
•
•
•
•
•
•

•
•
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Date Approved

Notes
•
•
•
•
•
•

•
•
•
3/21/2016

•
•

4/28/2016

•
•
•
•
•
•
•
•

5/11/2016

•

Removed coping skills training (CST) 12th session, the “feedback session,”
since we asked for feedback as part of the 3-month follow-up assessments.
Updated recruitment flyer with formatting changes as well as study contact
information.
Updated recruitment flyer and phone screener for potential participants to
indicate if they are a patient at either UNC Health Care or the Durham VA
Medical Center.
Added visit confirmation letters.
Updated electronic medical record notification to participant’s physician.
Added a question asking participants if they have had a total joint
replacement (knee or hip) surgery, other significant knee or hip surgery, or
anterior cruciate ligament (ACL) tear, to be asked prior to their 3- and 9month assessments.
Updated study measures.
Added a copy of the booklet sent to subjects prior to enrollment.
Added script of progressive muscle relaxation CD for CST participants.
Added Self-administered Comorbidity Questionnaire to measures
document.
Edited the exclusion criterion of participating in another OA intervention
study to also include participation in another CST study.
Edited the frequency of counselor phone call review from 30% to
approximately 15%, or more as deemed necessary.
Added the following participant characteristics to the written protocol: age,
race/ethnicity, gender, general self-rated health.
Removed the formal consideration of comorbid illnesses by the CST
counselor from our protocol.
Added a section on consent form for participants to initial as to whether
they consent or do not consent to being audio-recorded during the CST
sessions.
Deleted “physical therapists” and added “CST counselor” to the list of
approved personnel in the privacy section of the consent form.
Added the Johnston County Osteoarthritis Project site in Smithfield, North
Carolina, as a location where research visits may be conducted.
Edited the recruitment materials and phone screener to delete the language
“to enhance accessibility and reach” regarding the CST program.
Edited the CST manual to include addition of handouts and a list of physical
activity resources (web links) available to participants.
Changed exclusion criteria regarding meniscus tears.
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Date Approved

Notes

5/18/2016

•

Added an exclusion criterion of lower extremity paralysis to our protocol.

6/7/2016

•

Updated study measures taken at baseline by adding questions regarding
joints affected by arthritis.

6/23/2016

•

Added the exclusion criterion “Other health problem that would prohibit
participation in the study (at the discretion of the principal investigator).”
We already have a question in the phone screener to cover this “other”
category.

7/18/2016

•

Added a measure to the 3-month follow-up assessment on duration of OA
symptoms.

9/17/2016

•

Edited the feedback questions we ask at the 3-month follow-up assessment.

12/22/2016

•

Added an additional question on phone screener reminding participants of
the time commitment involved for the intervention and confirming desire to
participate in the study.

3/16/2017

•

Added Perceived Discrimination, Multi-item measure to the 9-month
follow-up assessment.

3/29/2017

•

Updated contact information on recruitment form that will allow us to send
an email to UNC employees.

4/5/2017

•

Updated contact information on correspondence sent to providers to notify
them that their patient has enrolled in this study.

6/5/2017

•

Added language to the master study protocol to reflect additional
exploratory analyses that may be conducted.

10/15/2018

•

Sent study participants a letter informing them of study findings.
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RESULTS
Participants, Retention, and Intervention Delivery
We identified 5430 potentially eligible patients from electronic medical records (4280
UNC, 1150 DVAHCS; Figure 1). An additional 93 participants self-referred to the study (90 UNC,
3 DVAHCS). Among 1547 patients who were mailed a letter or self-referred to the study, 248
were eligible, enrolled, and randomized. At 3-month follow-up, 92% of participants completed
assessments (89% CST group, 94% WL group). At 9-month follow-up, 85% of participants
completed assessments (79% CST group, 90% WL group). Participant characteristics are shown
in Table 4.
The mean number of pain CST sessions completed was 8.0 (SD = 4.3); 20% of
participants completed 0 or 1 session and 61% completed 9 to 11 sessions. There were no
study-related adverse events in either the CST or WL groups.

Primary Outcome
At 3-month follow-up, WOMAC pain scores did not differ significantly between the pain
CST group and the WL group (estimated treatment difference = –0.63; 95% CI, –1.45 to 0.128;
Table 5), with the CST group having lower estimated pain at 3 months than the WL group. At 9month follow-up, WOMAC pain scores in the pain CST group continued to decrease (signifying
lower pain) from 3 months but were not statistically different from the WL group (estimated
treatment difference = –0.84; 95% CI, –1.73 to 0.068). Results were similar in multiple
imputation analyses of loss to follow-up WOMAC pain scores. At 3-month follow-up, the
estimated treatment difference was –0.63 (95% CI, –1.46 to 0.20; p = 0.137). At 9-month
follow-up, the estimated treatment difference was –0.92 (95% CI, –1.81 to –0.04; p = 0.042).
The CACE analysis showed that receipt of at least 7 intervention sessions resulted in larger
improvements, though not statistically different from the control group at either 3 or 9 months
(difference in CACE estimated mean change = –1.2; 95% CI, –2.4 to 0.2 for 3 months and = –1.4;
95% CI, –2.8 to 0.1 for 9 months).
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Figure 1. Participant flow: CONSORT diagram

Abbreviations: CST, coping skills training; OA, osteoarthritis; UNC, University of North Carolina; VA, Department of
Veterans Affairs.
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Table 4. Characteristics of STAART Participants, Overall and By Group
Characteristic

Total Sample
(N = 248)
Mean ± SD or
N (%)

Pain CST
(n = 124)
Mean ± SD or
N (%)

WL Control
(n = 124)
Mean ± SD or
N (%)

Age

59.0 ± 10.3

59.2 ± 9.8

58.9 ± 10.9

Female

122 (49.2%)

61 (49.2%)

61 (49.2%)

Hispanic

7 (2.9%)

3 (2.5%)

4 (3.3%)

Some education above high
school

187 (75.4%)

92 (74.2%)

95 (76.6%)

Working

86 (34.7%)

43 (34.7%)

43 (34.7%)

Married or living with partner

103 (41.5%)

51 (41.1%)

52 (41.9%)

Low perceived incomea

83 (33.6%)

48 (38.7%)

35 (28.5%)

Body mass index (kg/m2)

35.2 ± 8.2

35.6 ± 8.4

34.8 ± 7.9

Number of self-reported
comorbidities

8.5 ± 3.9

8.2 ± 3.9

8.8 ± 4.0

Total self-reported duration of
arthritis symptoms

13.0 ± 10.0

12.4 ± 9.6

13.6 ± 10.3

Currently taking non-steroidal
anti-inflammatory drug

134 (54.0%)

70 (56.5%)

64 (51.6%)

Currently taking COX-2 inhibitor

6 (2.4%)

3 (2.4%)

3 (2.4%)

Currently taking opioid analgesic

60 (24.2%)

30 (24.2%)

30 (24.2%)

WOMAC pain

11.0 ± 3.9

11.2 ± 4

10.8 ± 3.8

WOMAC total

53.0 ± 17.8

52.9 ± 16.4

53.0 ± 19.1

WOMAC function

37.0 ± 13.2

37.1 ± 12.2

36.9 ± 14.2

PROMIS Pain Interference score

63.8 ± 6.9

64.0 ± 6.3

63.5 ± 7.5

Demographic and Clinical
Characteristics

Primary and Secondary Outcomes
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Characteristic

Total Sample
(N = 248)
Mean ± SD or
N (%)

Pain CST
(n = 124)
Mean ± SD or
N (%)

WL Control
(n = 124)
Mean ± SD or
N (%)

SF-12–physical health component
score

33.1 ± 9.1

33.1 ± 8.9

33.0 ± 9.2

SF-12–mental health component
score

50.7 ± 11.1

51.0 ± 10.4

50.4 ± 11.8

CSQ–Total Coping Attempts

93.9 ± 36.6

94.3 ± 37.5

93.5 ± 35.9

PCS

19.8 ± 12.3

19.9 ± 12.8

19.6 ± 11.8

PHQ-8

6.2 ± 5.3

6.0 ± 5.1

6.4 ± 5.6

Arthritis Self-Efficacy Scale

5.9 ± 2.0

5.6 ± 1.9

5.8 ± 2.0

4020.1 ± 3472.5

4318.0 ± 3905.5

3725.1 ± 2971.9

Yale Physical Activity Survey

Abbreviations: COX-2, cyclooxygenase 2; CSQ, Coping Strategies Questionnaire; CST, coping skills training; PCS,
Pain Catastrophizing Scale; PHQ-8, Patient Health Questionnaire-8; PROMIS, Patient-Reported Outcomes
Measurement Information System; SF-12, Short Form-12; WL, wait list; WOMAC, Western Ontario and McMaster
Universities Osteoarthritis Index.
a
Self-report of “just meet basic expenses” or “don’t even have enough to meet basic expenses.”
Missing data: Hispanic = 9; low perceived income = 1; body mass index = 6; number of self-reported comorbidities
= 7; duration of arthritis symptoms = 20; WOMAC total = 1; WOMAC pain = 1; SF-12–physical health = 4; SF-12–
mental health = 4; CSQ–Total Coping Attempts= 1; PCS = 1; Arthritis Self-efficacy Scale = 1; Yale Physical Activity
Survey = 37.
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Table 5. Estimated Means and 95% Confidence Intervals From Linear Mixed Models (Primary ITT Analysis)
Outcome

WOMAC pain
subscale

WOMAC total
subscale

WOMAC
function

PROMIS Pain
Interference

SF-12–physical
health component
score

Assessment

Baseline

Pain CST (N = 124)
Mean (95% CI)

WL Control (N = 124)
Mean (95% CI)

Treatment Difference:
Pain CST vs WL
Mean (95% CI)

P
Value

11.01 (10.52-11.49)

3 months

9.42 (8.77-10.06)

10.05 (9.42-10.68)

–0.63 (–1.45-0.18)

0.128

9 months

8.77 (8.04-9.50)

9.61 (8.91-10.30)

–0.84 (–1.73-0.06)

0.068

Baseline

52.99 (50.79-55.19)

3 months

46.39 (43.49-49.29)

49.01 (46.16-51.86)

–2.62 (–6.01-0.77)

0.129

9 months

44.18 (40.96-47.40)

47.49 (44.39-50.59)

–3.31 (–7.07-0.44)

0.084

Baseline

37.00 (35.37-38.64)

3 months

32.93 (30.76-35.10)

35.54 (32.41-36.67)

–1.61 (–4.14-0.91)

0.209

9 months

31.40 (29.00-33.80)

33.60 (31.29-35.90)

–2.20 (5.03-0.63)

0.128

Baseline

63.75 (62.89-64.62)

3 months

61.12 (60.04-62.21)

61.96 (60.90-63.01)

–0.83 (–2.18-0.51)

0.222

9 months

61.00 (59.74-62.27)

62.14 (60.92-63.36)

–1.14 (–2.60-0.33)

0.128

Baseline

33.08 (31.95-34.2)

3 months

35.67 (33.99-37.36)

33.96 (32.31-35.61)

1.71 (–0.40-3.82)

0.111

9 months

35.55 (33.82-37.27)

34.81 (33.17-36.45)

0.73 (–1.42-2.88)

0.502
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Outcome

Assessment

Pain CST (N = 124)
Mean (95% CI)

WL Control (N = 124)
Mean (95% CI)

Treatment Difference:
Pain CST vs WL
Mean (95% CI)

P
Value

SF-12–mental health
component scorea

3 months

–0.72 (–2.08-0.64)

–1.48 (-2.82 to –0.15)

0.76 (–1.15-2.66)

0.433

9 months

–0.57 (–2.13-0.99)

–2.28 (-3.76 to –0.79)

1.71 (–0.45-3.86)

0.120

CSQ–Total Coping
Attempts

Baseline

PCS

Depressive symptoms
(PHQ-8)

Arthritis Self-efficacy
Scale

Yale Physical Activity
Surveyb

105.38 (100.62-110.13)

3 months

121.84 (116.48-127.19)

106.53 (101.28-111.78)

15.31 (9.09-21.53)

0.001

9 months

114.65 (108.88-120.41)

102.97 (97.42-108.52)

11.67 (5.08-18.27)

<0.001

Baseline

19.73 (18.19-21.28)

3 months

17.81 (15.81-19.81)

20.84 (18.87-22.81)

–3.03 (–5.25 to –0.8)

0.008

9 months

16.98 (14.86-19.09)

18.35 (16.33-20.38)

–1.38 (–3.85 to 1.09)

0.273

Baseline

6.19 (5.53-6.85)

3 months

5.87 (4.99-6.75)

6.37 (5.51-7.23)

–0.50 (–1.57-0.57)

0.356

9 months

5.30 (4.36-6.23)

6.31 (5.43-7.20)

–1.02 (–2.19-0.15)

0.087

Baseline

5.87 (5.62-6.11)

3 months

6.67 (6.35-6.99)

5.66 (5.35-5.98)

1.01 (0.61-1.41)

<0.001

9 months

6.33 (5.99-6.67)

5.66 (5.33-5.99)

0.67 (0.24-1.09)

0.002

Baseline

58.55 (55.09-62.01)

3 months

60.72 (56.16-65.28)

55.72 (51.29-60.15)

5.00 (–0.93-10.93)

0.078

9 months

56.66 (51.85-61.46)

53.80 (49.38-58.22)

2.85 (–3.05-8.75)

0.727
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Outcome

Patient Global
Assessment
of Pain Changec

Assessment

Pain CST (N = 124)
Mean (95% CI)

WL Control (N = 124)
Mean (95% CI)

Treatment Difference:
Pain CST vs WL
Mean (95% CI)

P
Value

3 months

2.91 (2.67-3.14)

4.18 (3.95-4.40)

–1.27 (–1.60 to –0.95)

<0.001

9 months

3.25 (2.99-3.52)

4.13 (3.87-4.38)

–0.87 (–1.24 to –0.51)

<0.001

Abbreviations: CSQ, Coping Strategies Questionnaire; CST, coping skills training; ITT, intention to treat; PCS, Pain Catastrophizing Scale; PHQ-8, Patient Health
Questionnaire-8; PROMIS, Patient-Reported Outcomes Measurement Information System; SF-12, Short Form-12; WL, wait list; WOMAC, Western Ontario and
McMaster Universities Osteoarthritis Index.
a
Analyzed as score change from baseline to follow-up.
b
Square root transformed variable.
c
Assessed at 3 and 9 months only and reported as change from baseline.
Missing data baseline: WOMAC pain = 1; WOMAC total = 1; SF-12–physical health = 4; SF-12–mental health = 4 ; CSQ–Total Coping Attempts = 1; PCS = 1;
Arthritis Self-efficacy Scale= 1; Yale Physical Activity Survey = 37.
Missing data 3 months: WOMAC pain = 21; WOMAC total = 22; WOMAC function = 22; PROMIS Pain Interference = 21; SF-12–physical health = 24; SF-12–
mental health = 24; CSQ–Total Coping Attempts = 21; PCS = 22; PHQ-8 = 21; Arthritis Self-efficacy Scale = 21; Yale Physical Activity Survey = 54; Patient Global
Assessment of Pain Change = 22.
Missing data 9 months: WOMAC pain = 38; WOMAC total = 41; WOMAC function = 41; PROMIS Pain Interference = 38; SF-12–physical health = 44; SF-12–
mental health = 44; CSQ–Total Coping Attempts = 39; PCS = 40; PHQ-8 = 41; Arthritis Self-efficacy Scale = 39; Yale Physical Activity Survey = 59; Patient Global
Assessment of Pain Change = 38.
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Secondary Outcomes
WOMAC total and function scores, PROMIS Pain Interference, and SF-12 mental and
physical health component scores did not differ significantly between pain CST and WL groups
at either 3 or 9 months (Table 5). The CSQ–Total Coping Attempts score (reflecting all types of
coping strategies except pain catastrophizing) increased more in the pain CST group than the
WL control group at both 3 months (estimated treatment difference = 15.31; 95% CI, 9.0921.53) and 9 months (estimated treatment difference = 11.67; 95% CI, 5.08-18.27). PCS scores
decreased more in the pain CST group than the WL group at 3 months (estimated treatment
difference = –3.03; 95% CI, –5.25 to –0.80; p = 0.008); at 9 months, PCS scores continued to
decline in the pain CST group, but the difference compared with the WL control group was
smaller and no longer statistically significant (p = 0.273). PHQ-8 scores did not differ between
pain CST and WL control groups at either assessment. Arthritis Self-efficacy scores improved
more in the pain CST group than the WL control group at both 3 months (estimated treatment
difference = 1.01; 95% CI, 0.61-1.41) and 9 months (estimated treatment difference = 0.67; 95%
CI, 0.24-1.09). Yale Physical Activity Survey scores did not differ between groups at either 3 or 9
months. Patient Global Impression of Arthritis Symptom Change scores (patient rating of how
much symptoms changed since the beginning of the study) were lower (indicating more
improvement since baseline) in the pain CST group than the WL control group at both 3 months
(estimated difference = –1.27; 95% CI, –1.60 to –0.95; p < 0.001) and 9 months (estimated
difference = –0.87; 95% CI, –1.24 to –0.51; p < 0.001).

Aim 3 Analyses
In analyses of our primary outcome, we found no evidence of HTEs for any of our a
priori–specified patient characteristics (baseline comorbidity, duration of arthritis symptoms, or
pain catastrophizing scores), at either 3- or 9-month follow-up. Specifically, none of the 3-way
interaction terms were statistically significant, with all 95% confidence intervals including 0 (for
number of comorbidities, 3-way interaction is –0.04; 95% CI, –0.28 to 0.21; p = 0.77; see Table
6).
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Table 6. Estimated Means and 95% Confidence Intervals for WOMAC Pain From Linear Mixed
Models
Baseline
Characteristic

Pain CST:
Mean difference of
change from
baseline to 9 months
for unit change in
characteristic

WL Control:
Mean difference of
change from
baseline to 9 months
for unit change in
characteristic

Pain CST–WL:
Mean treatment difference of
change from baseline to 9
months for unit change in
characteristic; P value of 3way interaction

Number of
comorbidities

0.24 (0.04-0.44)

0.27 (0.10-0.45)

–0.04 (–0.28 to 0.21); p = 0.77

0.02 (–0.06 to 0.10)

0.01 (–0.06 to 0.08)

0.01 (–0.08 to 0.12); p = 0.80

0.63 (0.35-0.92)

0.52 (0.22-0.81)

0.12 (–0.26 to 0.49); p = 0.54

Duration of
symptoms (years)
Pain catastrophizing
scorea

Abbreviations: CST, coping skills training; WL, wait list; WOMAC, Western Ontario and McMaster Universities
Osteoarthritis Index.
a
Mean change calculated for a 5-point increase.

In exploratory HTE analysis with risk prediction models, all continuous covariates met
linear assumptions except for BMI, so the final risk prediction model included restricted cubic
splines for BMI (see Table 7 for risk prediction model results). Observed improvement of 14% or
more in WOMAC pain score between baseline and 9 months was higher in the pain CST group
than the WL control group in all except the highest quartile of predicted improvement (Table
8); however, all 95% confidence intervals for the odds ratio comparing improvement rates
between groups included 1 and were wide, due partly to small sample sizes within quartiles.
Participants with the highest predicted rates of improvement were younger and had higher
baseline WOMAC pain, higher pain catastrophizing, and lower PHQ-8 scores (Table 9). While
these analyses are exploratory, limited by small sample sizes, and should be interpreted with
caution, pain CST treatment effects appear to be stronger for those with less-severe baseline
pain and pain catastrophizing.
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Table 7. Logistic Regression Risk Prediction Model for Dichotomous Outcomea Used to
Generate Prediction Probabilities (C-index = 0.70)
Parameter

Estimate

Standard Error

Wald
Chi-square

P Value

Intercept

–3.17

1.88

2.84

0.092

BMI

0.07

0.05

1.80

0.18

BMI spline

–0.01

0.01

3.02

0.08

Baseline WOMAC pain

0.17

0.04

14.26

<0.001

Depressive symptoms
(PHQ-8)

–0.09

0.03

6.65

<0.001

Age

–0.01

0.01

0.20

0.66

Pain catastrophizing
score

0.01

0.01

0.13

0.71

Gender

–0.04

0.15

0.07

0.79

Abbreviations: BMI, body mass index; PHQ-8, Patient Health Questionnaire-8; WOMAC, Western Ontario and
McMaster Universities Osteoarthritis Index.
a
Improved 14% in WOMAC pain score between baseline and 3 months or not.

Table 8. Heterogeneous Treatment Effects on Improvement of 14% or More in WOMAC Pain
From Logistic Regression Models by Quartiles of Estimated Predicted Improvement
Probabilities From Risk Prediction Modelsa
Strata

N

% (N)
Improved
Overall

% (N)
Improved
Pain CST

% (N)
Improved WL
Control

Pain CST vs WL
Control
OR (95% CI)

Quartile 1 (lowest
predicted improvement)

59

22 (13 of 59)

27 (8 of 29)

17 (5 of 30)

1.7 (0.5-6.1)

Quartile 2

58

36 (21 of 58)

40 (10 of 33)

33 (11 of 25)

1.3 (0.5-3.9)

Quartile 3

58

48 (28 of 58)

55 (18 of 25)

40 (10 of 33)

1.8 (0.6-5.2)

Quartile 4 (highest
predicted improvement)

59

69 (41 of 59)

66 (20 of 29)

72 (21 of 30)

0.8 (0.3-2.3)

Abbreviations: CST, coping skills training; WL, wait list; WOMAC, Western Ontario and McMaster Universities
Osteoarthritis Index.
a
Odds ratio > 1 indicates higher odds of improvement between baseline and 3 months in pain CST compared with
WL control.
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Table 9. Patient Characteristics by Risk Prediction Quartiles
Overall
N = 234

Quartile 1
N = 59

Quartile 2
N = 58

Quartile 3
N = 58

Quartile 4
N = 59

Age, mean (SD)

58.9 (10.3)

58.7 (11.1)

59.1 (11.2)

62.0 (9.4)

55.6 (8.7)

Female, % (N)

48.7 (114)

55.9 (33)

48.3 (28)

48.3 (28)

42.4 (25)

BMI, kg/m2

35.2 (8.2)

37.4 (11.0)

33.6 (7.1)

35.2 (7.5)

34.4 (5.7)

WOMAC pain

11.0 (3.9)

8.1 (4.0)

9.8 (2.9)

11.6 (2.2)

14.6 (2.7)

Pain catastrophizing
score

19.8 (12.3)

19.1 (11.6)

18.5 (12.6)

19.1 (12.2)

22.4 (12.9)

6.3 (5.4)

8.9 (6.8)

6.4 (5.3)

5.0 (4.0)

4.7 (3.7)

PHQ-8

Abbreviations: BMI, body mass index; PHQ-8, Patient Health Questionnaire-8; WOMAC, Western Ontario and
McMaster Universities Osteoarthritis Index.

In exploratory analysis using MOB, our sample size was reduced to n = 234 participants
due to missing data in covariates. Only 1 subgroup was identified based on a split of baseline
WOMAC pain at 11 points (Figure 2). In the subgroup with baseline WOMAC pain scores ≤ 11,
36% in the pain CST group met the threshold of 14% improvement from baseline compared
with 25% in the WL control group. In the subgroup with baseline pain > 11, 57% met the
threshold improvement in the pain CST group compared with 63% in the WL control group.

Figure 2. Subgroup tree from model-based recursive partitioning (MOB) analysis
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DISCUSSION
Summary of Findings
We found that, among African Americans with OA, a culturally tailored, telephonebased pain CST program did not result in statistically different or clinically meaningful changes
in WOMAC pain score (the primary outcome) compared with a WL control group. Although the
between-group difference in WOMAC pain scores at 9-month follow-up was statistically
significant in the multiple imputation analysis, this difference was still modest, with most values
in the 95% confidence interval of the difference below the threshold for a clinically meaningful
between-group difference (14%).43 For secondary outcomes, including WOMAC total and
function, PROMIS Pain Interference, SF-12, PHQ-8, and Yale Physical Activity Survey, observed
patterns were similar to WOMAC pain scores, with somewhat more favorable changes in the
pain CST group but no significant between-group differences at either 3 months or 9 months.
However, the pain CST program did improve key measures of pain coping and perceived ability
to manage pain among African Americans with OA. In particular, CST participants increased
their total coping attempts, decreased pain catastrophizing, and increased arthritis self-efficacy
relative to the WL group; however, reductions in pain catastrophizing were not sustained at 9
months. These are important outcomes, particularly given prior research showing that African
Americans tend to use pain coping efforts less frequently, are more prone to engage in pain
catastrophizing, and report lower self-efficacy for managing arthritis compared with nonHispanic whites.3,16-22 Following treatment, participants in the CST group also perceived changes
in their arthritis symptoms more favorably than the WL group. Overall, results suggest that the
CST intervention improved pain coping but did not seem to affect pain severity.

Comparison With Other Studies
Regarding the effects of pain CST for improving pain severity in patients with OA, prior
studies have been mixed, with some reporting significant improvement in pain severity15,32 but
others reporting no difference relative to a usual care control group.13,29,30,78 Meta-analyses of
cognitive behavioral interventions (including pain CST) have concluded that there are small
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effect sizes for pain severity among patients with arthritis and other chronic pain
conditions.10,79 Findings of this study among African Americans with OA therefore concur with
prior research, as there was some improvement in WOMAC pain scores following the CST
intervention, but the changes were relatively small and not significantly different from those in
the WL control group. There is increasing recognition that patients with chronic pain vary in
their response to psychological and other treatments, and one recent study found that, among
participants with OA who completed a pain CST intervention, effects on a composite variable
(including pain severity) varied based on several demographic and clinical variables.80,81
Findings of this study regarding secondary outcomes also align with prior
research.13,15,29,30,32,78 Of particular importance were the significant improvements in pain
coping–related variables (total coping attempts and pain catastrophizing) and arthritis selfefficacy in the pain CST group. Prior studies of pain CST for OA have consistently shown
increases in the use of overall coping attempts and arthritis self-efficacy15,26,28,29,32; results have
been mixed regarding pain catastrophizing, with some studies showing no effect.15,29 African
Americans in this study varied considerably from participants in prior studies of CST for OA,
having worse pain and function, less favorable pain coping patterns, and more risk factors for
negative pain-related outcomes.82 Therefore, findings of this study illustrate that a culturally
tailored pain CST can improve perceived ability to manage pain and maintain activities in a
racial minority group that is at high risk for poor pain-related outcomes. The findings regarding
changes in pain catastrophizing are particularly important, because multiple studies have
shown higher catastrophizing among African Americans.16-19 African Americans in this study had
significant improvements in pain catastrophizing immediately following the CST intervention,
and although there was no significant difference at 9 months compared with the WL group,
pain catastrophizing scores continued to decrease in the CST group between 3- and 9- month
follow-up. This suggests CST participants continued to improve in this key coping-related
construct even after the intervention ended.
Another interesting finding was the significant difference in the Patient Global
Assessment of Arthritis Symptom Change, despite the lack of difference in WOMAC pain scores.
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It is possible that CST affected how participants viewed their symptoms more generally,
resulting in a more positive perception even though pain severity did not change substantially.
A recent study of internet-delivered pain CST and exercise regimens for patients with hip OA
also found improvements in Patient Global Impression of Arthritis Symptom Change despite a
lack of significant change in pain severity.83 It is also possible that responses to the Patient
Global Assessment of Change items were influenced by social desirability, particularly in the CST
group.

Subpopulation Considerations
Our aim 3 analyses first examined whether there was heterogeneity in effects of pain
CST for 3 specific patient characteristics: baseline level of comorbidity, duration of arthritis
symptoms, and pain catastrophizing. We found no evidence of heterogeneity based on these
participant characteristics. With exploratory HTE analyses to examine multidimensional
subgroups, we did not find strong evidence of baseline characteristics identifying groups that
benefited from the CST program more than others. In both risk prediction models and MOB,
there was some evidence that participants’ treatment response varied by baseline WOMAC
pain score; however, implications of these findings are not clear. Specifically, the proportion of
responders was greater overall among individuals with higher baseline WOMAC pain scores
(compared with participants who had baseline scores ≤ 11), but this was true for both the CST
and WL groups (and, in fact, a higher proportion of WL group participants were categorized as
responders). Among those with lower baseline WOMAC pain scores (≤ 11), there was a higher
proportion of responders in the CST group than in the WL group. These exploratory analyses
should be interpreted cautiously due to the small sample size of this trial and lack of externally
validated risk/benefit outcome, but they signal that more research is needed relative to the
impact of baseline pain level on response to pain CST.
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Study Limitations
Limitations of this study include the lack of de novo radiographs to confirm OA status,
inclusion of patients limited to a single geographic region, and inclusion of a relatively welleducated sample (75% had some education above high school). Although we aimed for our
stakeholder panel to include an array of perspectives, we might not have fully captured all of
the important aspects of tailoring the CST intervention for African Americans with chronic pain.
In addition, although we had low rates of attrition, there were some limitations in the level of
intervention adherence, particularly that approximately 20% of participants attended < 2 CST
sessions. Given that the mean number of sessions completed was 8 out of 11, and because our
exploratory analyses suggested that completion of at least 7 sessions was associated with
greater improvement, a future intervention may need to be reconfigured to provide the most
critical skills in fewer sessions. Reducing the number of sessions may also help ensure
sustainability of delivery. We believe the suboptimal intervention attendance illustrates the
real-world challenges of identifying individuals who are most likely to engage with the
intervention as well as the need to further evaluate intervention design to help participants
complete pain CST despite their competing life responsibilities.
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CONCLUSIONS
We found no significant effect of pain CST on the primary outcome of pain severity in
African Americans with osteoarthritis; however, participants experienced improvements in
other key outcomes related to the pain experience. Based on the mixed findings (eg, no
significant between-group differences in the primary outcome but significant differences for
secondary, pain-related outcomes), it may be helpful for future research efforts to (1) examine
strategies for enhancing engagement in pain CST programs (including different delivery
models), particularly given the results of our CACE analysis, suggesting that effects of CST are
more pronounced the more sessions are attended; (2) identify factors associated with
treatment response; and (3) explore practical strategies to proactively identify individuals who
are most likely to engage with the intervention. Finally, since there are also pain disparities
based on socioeconomic status, education, urban/rural geography, and occupational status, it
would also be useful for future studies to explore appropriate adaptations, as well as
effectiveness of pain CST in other groups with a greater burden of chronic pain.84
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