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Abstract

A multisite, randomized, controlled clinical effectiveness trial was conducted for osteoarthritis

patients with chronic pain of the knee or hip. Adult health nurse practitioners provided a 10-

session intervention, pain coping skills training (PCST), in patients’ doctors’ offices (N = 129

patients); the control group received usual care (N = 127 patients). Primary outcomes assessed at

baseline, posttreatment, 6-month follow-up, and 12-month follow-up were: pain intensity, physical

functioning, psychological distress, self-efficacy, catastrophizing, use of coping strategies, and

quality of life. Secondary measures included fatigue, social functioning, health satisfaction, and

use of pain medication. Methods favoring external validity, consistent with pragmatic,

effectiveness research, were utilized. Primary ITT and secondary per-protocol analyses were

conducted. Attrition was within the expected range: 11% at posttreatment and 29% at 12-month

follow-up; rates did not differ between groups. Omnibus ITT analyses across all assessment points

indicated significant improvement for the PCST group compared with the control group for pain

intensity, physical functioning, psychological distress, use of pain coping strategies, and self-

efficacy, as well as fatigue, satisfaction with health, and reduced use of pain medication.

Treatment effects were robust to covariates (demographics and clinical sites). Trends in the

outcomes across the assessments were examined. All outcomes, except for self-efficacy, were
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maintained through the 12-month follow-up; effects for self-efficacy degraded over time. Per-

protocol analyses did not yield greater effect sizes. Comparisons of PCST patients who were more

vs less treatment adherent suggested greater effectiveness for patients with high adherence.

Results support the effectiveness of nurse practitioner delivery of PCST for chronic osteoarthritis

pain.
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1. Introduction

Arthritis pain is a major international health challenge. In the United States alone, arthritis

affects over 22% of the population (50 million), making it one of the most common chronic

medical conditions [14], and women are afflicted at higher rates than men [59]. It impacts

substantial portions of the population by middle age, with more than half of the adult

population >65 years of age diagnosed (60%), and the percent continues to increase with age

[13, 58]. It is not an inconsequential disease [63]. The 2010 Global Burden of Disease study

reported that musculoskeletal disorders are among the major causes of disability-adjusted

life years (DALYs) [47]. Health-related quality of life is consistently worse for persons with

arthritis primarily due to chronic pain, difficulty standing, and walking [14]. Interventions

include analgesics, joint injections, exercise, and surgical joint replacement [24]. Despite

utilization of these treatments, many patients still report significant chronic pain and activity

limitation.

Pain coping skills training (PCST), a treatment for patients with persistent pain, has

demonstrated efficacy for osteoarthritis (OA) [30, 31]. It teaches patients cognitive strategies

and behavioral skills to reduce the effects of chronic pain on functioning and quality of life.

A recent meta-analysis of psychological therapies for chronic pain documents its efficacy

[60].

However, patient access to PCST currently is very limited, depriving patients of this

opportunity to actively participate in improving their pain, functioning, and quality of life. In

most instances, health care providers delivering PCST have been clinical psychologists in

academic medical/mental health settings, where PCST has been developed and studied. Few

practitioners in the community are trained in PCST. Whereas the physician focus is typically

not on training patients in pain coping skills, the nursing profession, with its emphasis on

implementing self-management and patient education counseling for improved care of

chronic illness, is well suited to deliver PCST. Because PCST is designed to treat pain

caused by a medical condition and is not a form of psychotherapy, we believe that nurses

can be readily trained to deliver PCST and that training in managing patients’ mental health

is not a prerequisite for successful delivery of the intervention. Nevertheless, attention to the

interaction of emotional state and the pain experience is a fundamental component of PCST

work with the patient.
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This randomized, multisite clinical trial was the first to evaluate the effectiveness of a health

care delivery model that trains nurse practitioners (NP) to deliver PCST to OA patients in

community practices. It used effectiveness trial methods to maximize external validity, with

sufficient attention to internal validity to yield results that can be confidently interpreted.

The goal of this research was to determine whether NPs can treat OA patients with chronic

pain of the knee and/or hip and achieve significant reductions in pain and in physical and

psychological disability, and increases in self-efficacy, use of coping strategies, and quality

of life compared with a usual care control group through a 12-month posttreatment

assessment.

2. Methods

2.1. Study design

This study was a multisite, randomized, controlled trial examining the effectiveness of

PCST delivered by trained NP in community primary care and rheumatology offices.

Patients with OA were randomized in equal numbers to 1 of 2 conditions: PCST (treatment

condition) or usual care (control condition). Patients in the PCST treatment condition

received 10 sessions of individual PCST, which was designed to promote the use of

cognitive-behavioral pain management coping skills. Patients in the control condition

continued with their usual care for OA. Consistent with usual care, patients in both

conditions were provided with an OA informational brochure from the Arthritis Foundation

and information on programs (support groups, arthritis education, and aquatic exercise

classes) offered in the community. Assessments were completed at baseline, posttreatment,

6-month follow-up, and 12-month follow-up.

2.2. Participants

Patients with chronic pain caused by OA of the knee or hip were recruited from community

primary care and rheumatology practices in New York, Virginia, and North Carolina.

Advertisements with information about the study were posted in the waiting rooms, and

participating doctors informed eligible patients of the opportunity to participate in the

clinical trial at the time of a regular office visit. Patients were told that the purpose of the

study was to evaluate the effectiveness of a 10-session program for coping with pain, and

was delivered by nurses in their doctor’s office. Patients randomly assigned to the control

group would continue with their usual care and participate in the periodic assessments.

Interested patients were invited to contact the research office for further details and to be

telephone-screened for eligibility. Eligibility criteria were (1) physician-confirmed diagnosis

of hip or knee OA, (2) 21 years of age or older, (3) usual pain ≥4 on a 10-point scale for a

duration of at least 6 months, (4) ability to read, write, and understand English, (5) ability to

attend 10 treatment sessions at the doctor’s office if randomized to treatment, (6) no

cognitive/ mental impairment that would interfere with participation, (7) no expected joint

replacement surgery in the next 2 years.

2.3. Measures

2.3.1. Baseline OA disease severity ratings—The widely used Kellgren-Lawrence

system for OA joint damage based on radiographs was used to grade disease severity at
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baseline [34]. Severity was graded from 0 (no radiographic findings of OA) to 4 (definite

osteophytes with severe joint space narrowing and subchondral sclerosis). Scoring based on

radiographs has been shown to correlate moderately with articular surface grading during

knee arthroscopy [35]. All radiographs were graded using K-L criteria by 2 independent

raters, and a third rating was obtained in cases in which the ratings disagreed by 2 grades or

more (n = 24). Inter-rater reliability was acceptable among the first 2 raters, with linear

weighted kappa = .74 (95% confidence interval [CI] = .68 to .79) and Krippendorff [23]

ordinal alpha = .76 (95% CI = .71 to .80). Reliability was slightly improved by the third

rating (ordinal alpha = .78, 95% CI = .75 to .81).

2.3.2. Outcome measures

2.3.2.1. Arthritis Impact Measurement Scales (AIMS2): This 78-item questionnaire

measures the health status of patients with arthritis and has been used extensively in survey

and treatment outcomes research [22, 43]. The AIMS2 subscales address pain, mobility,

walking and bending, extremity functioning, self-care, household tasks, social activities and

support, work, tension, and mood. The recall period for this instrument was changed from

“in the past month” to a 2-week period. Internal consistency subscale estimates ranged

from .72 to .90 in the present study.

2.3.2.2. Brief Pain Inventory (BPI): Four items from the BPI were used to measure current

pain and average, worst, and least pain in the past 2 weeks. The inventory is reliable, valid,

and has achieved widespread use among medical conditions with chronic pain [15, 16]. The

internal consistency of the 4-item scale was .89 in the present study.

2.3.2.3. Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC):
The WOMAC is the most widely used outcome measure in hip and knee arthritis

pharmaceutical and surgical studies. Several studies support the reliability and validity of the

WOMAC [5, 39]. The instrument has 24 items covering the following domains: pain,

stiffness, and physical function experienced during the past 48 hours. Internal consistency

estimates ranged from .70 to .95 for the 3 subscales in the present study.

2.3.2.4. Coping Strategies Questionnaire (CSQ): The 42-item Coping Attempts Scale of

the CSQ [31, 53] was used to assess how often a patient engages in 7 different coping

strategies when they feel pain: coping self-statements, praying or hoping, ignoring pain

sensations, reinterpreting pain sensations, increasing behavioral activities, catastrophizing,

and diverting attention. This instrument has shown sensitivity to treatment change in various

chronic pain samples [20, 41] as well as good internal consistency and construct validity

[31]. Internal consistency estimates for the 7 subscales ranged from .77 to .86 in the present

study.

2.3.2.5. Beck Depression Inventory (BDI): The 21-item self-report questionnaire measures

cognitive, affective, and somatic aspects of depressed mood [3, 4]. It is widely used as a

treatment outcome measure and is sensitive to the range of depressed mood in chronic pain

patients [19, 25, 62]. The BDI has demonstrated validity and sensitivity to treatment change

[2]. The internal consistency of the BDI total score was .89 in the present study.
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2.3.2.6. Arthritis Self-Efficacy Scale: The 8-item instrument measures patients’ perceived

ability to perform specific behaviors aimed at controlling arthritis pain and disability

(ranging from 1 = very uncertain to 10 = very certain) [21]. The scale was adapted from the

20-item questionnaire developed by Lorig et al. [40] that has shown sensitivity to increases

in a sense of mastery over arthritis pain in many outcome trials [38, 57]. The 8-item version

has shown adequate reliability and validity [21]. The internal consistency of the total score

was .92 in the present study.

2.3.2.7. Quality of Life Scale: The 16-item instrument measures quality of life across

different life domains in patients with chronic illness. The measure is reliable and content-

valid; among medical patients, internal consistency coefficients are above .85, and 6-week

test-retest reliability is .76 [12]. The internal consistency of the total score was .91 in the

present study.

2.3.2.8. Brief Fatigue Inventory (BFI): Like the BPI after which it was modeled, the BFI

was designed to measure fatigue in cancer patients, but its use has expanded to many

medical conditions [1, 44]. Four items from the BFI were used to measure current fatigue

and average, worst, and least fatigue; the recall period was changed from the past 24 hours

to the past 2 weeks. A factor analysis determined that the BFI assesses a single fatigue

dimension with good internal consistency and adequate correlations with other fatigue scales

[44, 64]. The internal consistency of the four items was .86 in the present study.

2.3.2.9. End-of-day symptom diaries recorded on interactive voice recording (IVR):
Several key constructs that are central to the arthritis pain experience were measured via

IVR (a telephone computer interface) for 7 consecutive days at each assessment period

(baseline, posttreatment, and 6- and 12-month follow-up). These constructs included ratings

of pain intensity; interference with physical, work, and social activities due to pain; ratings

of fatigue and life satisfaction; and pain medication usage. IVR data capture is reliable and

valid when compared with paper-and-pencil assessment, and compliance is typically good

[11, 36, 46].

2.3.3. Creation of composite measures—Several key constructs were a priori

specified as primary outcomes: pain intensity, physical functioning, psychological distress,

coping strategies, catastrophizing, self-efficacy, and quality of life. Given the large number

of scales administered for several domains, and to reduce type 1 error, composite measures

were created for 4 of the primary outcomes (pain intensity, physical functioning,

psychological distress, coping). The other outcomes were measured with single scales. The

pain intensity composite was comprised of the BPI pain, AIMS2 pain, and WOMAC pain

subscales (average intercorrelation across scales at baseline = .70). Physical functioning was

composed of the AIMS2 physical and WOMAC difficulties performing activities subscales

(r = .58). Psychological distress was comprised of the BDI and AIMS2 affect (tension and

mood) scales (r = .70). A coping strategies composite was created by averaging the CSQ

subscales (average r = .47), excluding the catastrophizing subscale. In each case, scale

scores were first standardized based on the baseline means and SDs across all patients, and
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they were then averaged into composites. Thus, the composite z scores at each assessment

time point indicate where a patient scored in relation to all patients at pretreatment.

2.4. Procedures

All study procedures were approved by the Stony Brook and Duke University Medical

Center Institutional Review Boards. Eligible patients were scheduled for their baseline visit

at the patient’s participating community clinic site. Before initiating study procedures,

patients provided written informed consent. During the visit, patients completed a battery of

outcome questionnaires, were instructed on how to use the IVR telephone system for the 7

daily ratings after the baseline visit, and had their weight and height measured. Patients also

were sent for a radiograph of their most painful OA-diagnosed joint at no cost to them to

determine their baseline disease severity. If a recent radiograph (within the past 9 months)

was already available, the research staff obtained a copy and no new radiograph was

obtained. Patients were informed that they needed to complete their daily ratings and

provide a radiograph within 4 weeks of the baseline assessment.

Upon completion of all baseline assessment components, patients were randomized to 1 of

the 2 study conditions. Randomization to experimental condition (PCST or usual care) was

done using a permuted blocking procedure using 2 block sizes (6 and 8). The study

statistician created a randomization program accessed by site coordinators at the time of

each patient’s randomization. The outcome of randomization was only known when the

patient was entered into the randomization program. The study coordinator then called

patients and informed them of their assignment to study treatment group. Patients assigned

to PCST were then scheduled for their first appointment with an NP who provided 10

individual weekly sessions at the patient’s doctor’s office (window for treatment completion

10 to 20 weeks from randomization). Patients assigned to usual care were instructed to

continue with their regular treatment for their OA. Both study groups were asked to

complete a posttreatment assessment, a 6-month follow-up, and a 12-month follow-up

assessment. As in the baseline assessment, research assistants met with patients for each

assessment when patients completed outcome measures, had height and weight measures,

and completed the 7 daily IVR ratings. The research team maintained assessor blinding, but

patients sometimes revealed their experimental condition. Data collection was conducted

from 2008 to 2013.

2.5. PCST

PCST interventions teach patients cognitive and behavioral skills to manage their pain and

enhance their perception of pain control. Four broad coping skills were taught across the ten

30- to 45-minute sessions: relaxation response, attention diversion techniques, altering

activity and rest patterns as a way of increasing activity level, and reducing negative pain-

related thoughts and emotions. The sessions were outlined in detail in a treatment manual

and followed a format of review of home practice assigned at the last session, instruction in

a new coping skill, guided practice in that skill, and a home practice assignment. Homework

assignments are an integral component of PCST, followed by review and problem-solving in

the subsequent session.
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Consistent with the goal of testing the effectiveness of NPs delivering PCST in the patients’

doctors’ offices, all treatment sessions were conducted in the clinics or by telephone (phone

sessions). Up to 4 sessions could be conducted via telephone with some discretion on the

part of the NP and patient. The first 3 sessions and the last session had to be conducted in

person. Patients were provided with a treatment binder divided into sections for each

session. These sections included handouts and logs to record home practice of the skill, and

they were reviewed by the NP at each session. Treatment sessions with a patient were

stopped if they were not completed within 20 weeks of randomization.

2.6. NPs delivering the treatment

Treatment sessions were conducted by several NPs hired by the research grant . Eligibility

for these positions required a registered nurse license and working and/or engaged in study

as an adult health or family practice NP.

NPs received an initial 2-day training workshop in PCST conducted by clinical members of

the research team (F.K., J.B., D.M., P.B.). Although not specializing in mental health, the

nurses’ training systematically addressed the emotional underpinnings of pain. They were

encouraged to be alert to the psychological needs of patients and the role that anxiety and

depression play in altering behaviors in ways that could be addressed by PCST. After the

initial training, NPs continued training with the instructors at their site to reach competency

with delivery of the treatment. Next, each NP delivered PCST treatment to 2 to 3 OA

patients who were not included in protocol data collection (pilot patients). NPs did not begin

to see patients in the clinical trial until adherence and therapist competence were confirmed.

Competence was defined as the NP consistently achieving a score of 3 (satisfactory) to 5

(excellent) on a rating of therapist performance (1 = poor, 5 = excellent). Using audiotapes

of the sessions, ratings were made on specific items including: (1) establishing and

maintaining rapport, (2) showing professionalism and clinical judgment, (3) covering the

protocol in a way that meets patient needs, (4) encouraging patient active engagement in the

session, (5) applying the protocol to the patient’s unique challenges and needs, (6) using

time efficiently and appropriately pacing the session, and (7) overall performance. These

ratings were based on a nurse’s interactions with the patient during a session. For example,

if the nurse’s interactions with the patient were flat (lacking enthusiastic voice cues), a rating

of poor was assigned for encouraging engagement. In contrast, if the nurse actively engaged

the patient and was receptive and enthusiastic, a rating of excellent was assigned.

2.7. Patient sample size

The sample size was chosen to ensure adequate power to detect an intervention effect (group

difference in change from baseline) at posttreatment on pain intensity. In a meta-analysis of

randomized controlled trials including cognitive behavioral therapy, Morley calculated a

mean effect size of 0.33 for pain experience [45], and power analyses were conducted based

on this effect size. To achieve 80% power at a significance level of .05 (2-tailed), we

estimated that 230 participants with complete data (115 per group) would be necessary,

assuming a correlation between baseline and the posttrial assessments of approximately 0.6.

To allow for a 10% dropout rate, 256 participants were enrolled.
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2.8. Analysis plan

Analyses were conducted in accordance with the intention-to-treat (ITT) principle.

Repeated-measures analyses of covariance (RM-ANCOVA) models were used in all

primary analyses examining treatment effects. Separate models were estimated for each

outcome variable. Scores for all 3 posttreatment assessments (immediate posttreatment, 6-

month follow-up, 12-month follow-up) served as correlated response variables and were

simultaneously regressed on baseline scores and experimental group. Clinic site was

included as an additional covariate. Thus, the main effect of group for a given posttreatment

period represents the estimated intervention effect as the group difference in change from

baseline to that assessment period, controlling for potential site differences in outcomes. An

omnibus test for all posttreatment assessment periods (df = 3) was first carried out to

evaluate an overall effect of the intervention, followed by separate significance tests for each

posttreatment period. An unstructured covariance matrix was used to account for the

correlation of outcomes between posttreatment periods. Multiple imputation procedures

were used to account for missing assessments, and to derive intervention effect estimates

consistent with the ITT principle. The multiple imputation approach is preferable to single

imputation methods such as last observation carried forward because it adequately accounts

for the uncertainty associated with filling in missing responses [49]. A set of 10 multiple

imputed datasets was generated using Markov chain Monte Carlo estimation, and the results

carried out for each dataset were combined using Rubin’s rules to adjust the standard errors

for the uncertainty about imputed values [54, 56]. Intervention effect sizes were calculated

in 2 ways: (1) Cohen’s dthe group difference in change relative to the SD of pretreatment

scores on the variable, and (2) the standardized response mean as the group difference in

change relative to the SD of change scores. Whereas statistical power of a study depends on

the standardized response mean, Cohen’s d provides a more readily interpretable metric for

evaluating the magnitude of treatment effects. All analyses were conduced using SAS [55]

and Mplus [48]

3. Results

3.1. Participant flow

A Consolidated Standards of Reporting Trials (CONSORT) diagram for participant

recruitment through 12-month follow-up is shown in Fig. 1. Of the 818 patients in

rheumatology and primary care clinics who were screened for eligibility, 46% did not meet

1 or more eligibility criteria, including not having OA of the knee/hip, not having at least

moderate chronic pain for at least 6 months, or expecting a joint replacement procedure.

Among the 442 eligible patients, 271 (62%) agreed to participate in the study, and 171

(39%) declined. Commonly stated reasons for declining were lack of transportation or time,

health problems of self or a family member, or other personal problems. Of the 271 eligible

and consenting patients, 15 (6%) dropped out of the study either before or after baseline

assessment and before randomization. Thus, a total of 256 were randomized into treatment

(N = 129) and control (N = 127).

The full 10-session PCST treatment was received by 81% of the patients in the treatment

group; 2 did not schedule any treatment, and the other 23 attended fewer than 10 sessions.
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One patient randomized to the control group inadvertently received treatment, but was

analyzed per ITT methods as a control patient.

Based on similar clinical trials, attrition for assessment completion was expected to be

approximately 10% to 15% at posttreatment. We observed 11% at posttreatment, 20% at the

6-month follow-up, and 29% 12 months after the end of treatment. Retention rates did not

differ between treatment and control groups. The research team and the Data Safety

Monitoring Program did not detect any serious adverse effects attributed to the treatment or

to participating in the study. A statistical comparison of demographic, medical background,

and baseline clinical outcome measures between those who dropped out early and did not

complete posttreatment assessment with those who were retained found no significant

differences. The only variable that trended (P = .07) was current smoking; more smokers

than nonsmokers dropped out.

Compliance with 7 days of daily IVR ratings was tabulated. Of the 256 participants, IVR

assessments were completed by 255 (99.6%) at baseline, by 219 (85.5%) at posttreatment,

by 198 (77.3%) at 6-month follow-up, and by 163 (63.7%) at 12-month follow-up. For those

patients who completed IVR measures, compliance with the 7-day assessment protocol was

high at each time point. On average, participants provided IVR ratings on 6.6 (94%) of the 7

days at baseline, on 6.4 (91%) days at posttreatment, on 6.4 (91%) days at 6-month follow-

up, and on 6.4 (92%) days at 12-month follow-up.

3.2. Experimental group characteristics and differences

Randomization of patients into treatment and usual care control groups was successful in

yielding highly similar groups (Table 1). No significant group differences were found on

demographic variables, except for employment (P = .001), with control group participants

more likely to be employed. Likewise, no significant baseline group differences were found

on clinical outcome variables (Table 2).

Patient characteristics from the New York and Virginia/North Carolina sites were compared.

As anticipated, the southern locations had significantly (P < .0001) more African American

patients (26%) compared with suburban New York (2%). Only 14% of the New York

patients were male, whereas 35% of the southern patients were (P < .0001). There were

overall education differences, with more high school educated patients in the southern

locations, and more patients with higher education in New York (P < .006). Finally, more

patients in New York had already had some surgery for OA (37%), compared with 25% in

the south (P < .04); 84% of patients in New York identified a knee as the most affected

joint, whereas 70% of the southern patients did (P < .01). Age, years with OA, body mass

index (BMI), and other variables were equivalent between sites. Baseline clinical outcome

measures also were compared between sites. Across 17 comparisons of primary and

secondary measures, 4 were significant (P ≤ .05). All were in the direction of the New York

site patients reporting more psychological distress, less social support, less satisfaction with

health, and more frequent canceling of daily activities. We also compared the baseline

scores on our patients’ outcome measures with those in the OA literature to try to place this

sample in a broader context. In most cases, the mean scores of our groups were somewhat

more severe or equivalent to other clinical OA samples (eg, [7, 21, 31, 43, 61]).
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3.3. Assessment of treatment effectiveness: ITT

ITT analyses were performed on primary and secondary outcomes across the 4 assessments:

baseline, posttreatment, 6-month follow-up, and 12-month follow-up. Table 3 shows the

mean change scores for each group as well as treatment effects with effect sizes at each

follow-up assessment. Omnibus tests across all follow-up assessments yielded significant

group differences, indicating improvement with treatment for 5 of the 7 primary outcomes:

pain intensity (F(3, 233) = 2.75, P = .044), physical functioning (F(3, 233) = 3.11, P = .

027), psychological distress (F(3, 233) = 2.83, P = .039), use of pain coping strategies (F(3,

233) = 4.97, P = .002), and self-efficacy (F(3, 232) = 10.59, P < .001); catastrophizing

showed a trend (F(3, 233) = 2.47, P = .063) and the effect on quality of life was not

significant (F(3, 233) = 1.97, P = .119). Two of the 4 secondary outcomes yielded

significant treatment effects: fatigue (F(3, 233) = 5.14, P = .002) and AIMS satisfaction with

health (F(3, 232) = 3.12, P = .027); AIMS2 family/friend support showed a trend (F(3, 232)

= 2.54, P = .057) and the effect for AIMS2 social activities was not significant (F(3, 232) =

0.58, P = .631).

These results were buttressed by the aggregated 7 daily IVR ratings of several outcomes

(Table 3). Patients in the PCST group reported less pain (F(3, 231) = 9.22, P < .001), less

activity interference due to pain (F(3, 231) = 5.68, P = .001), less fatigue (F(3, 231) = 2.95,

P = .033), and reduced use of pain medication (F(3, 231) = 3.09, P = .028) across the 3

follow-up assessments compared with the usual care control group. Changes in daily ratings

of life satisfaction (F(3, 231) = 0.43, P = .728) and need to cancel activities (F(3, 230) =

1.19, P = .315) did not differ between the groups.

3.4. Secondary analyses: treatment effects controlling for demographic characteristics

Secondary analyses examined the significance of treatment effects when statistically

controlling for patient demographic characteristics: (1) in one set of models, employment

was added as a covariate because the treatment and control groups differed significantly in

rates of employment at baseline; (2) in a second set of models, age, sex, race, education,

BMI, and treatment severity (K-L grades) were added as covariates. Adjustment for

covariates generally had very little impact on the treatment effects. When employment was

added as a covariate, the effect for psychological distress became marginally significant (P

= .080) at immediately posttreatment, and at 12-month follow-up the effects for

catastrophizing, IVR pain intensity, and IVR fatigue became marginally significant (P = .

056, .090, and .052, respectively). Notably, the effect for satisfaction with health became

significant (P = .018) at 6-month follow-up and trended (P = .099) at 12 months.

When age, sex, race, education, BMI, and treatment severity were added as covariates, the

effect for psychological distress trended (P = .095) at posttreatment. The effect for

satisfaction with health also trended (P = .083) at 6-month follow-up and was significant (P

= .047) at 12-month follow-up.

3.5. Analysis of changes in magnitude of treatment effects over time

To evaluate how well treatment gains were maintained across time, we compared the

magnitude of treatment effects between the assessment points using pairwise contrasts of
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group differences in change among the 3 follow-up time points. Across 51 separate contrasts

for primary and secondary outcomes, we found a high level of maintenance (94% of

contrasts were nonsignificant) of the effects through the 12-month posttreatment assessment.

Among the primary outcomes, only the effect for self-efficacy, which was strong at

posttreatment (effect size d = .61), degraded across the subsequent follow-ups (change in

treatment effect from posttreatment to 6 months: P = .001; posttreatment to 12 months: P = .

003). The primary pain intensity composite measure showed maintenance of gains, but the

aggregated daily IVR ratings of pain showed a decrease in gains from the 6-month to the 12-

month follow-up (P = .013), although the treatment effect was still significant at 12 months

(P = .037).

3.6. Assessment of clinical site effects

Evidence for significant site differences in treatment effects was evaluated by examining

study site by treatment group interaction effects. The interaction effect was not significant

for any outcome variable at any assessment period. That is, there was no evidence for site

differences in treatment effects.

3.7. Assessment of effectiveness: per protocol analysis

In addition to the conservative ITT results, analyses also were conducted to determine

treatment effectiveness for those patients who received an adequate dose of PCST compared

with the control group. Two definitions of adequate dose were used. First, we looked at

patients who completed at least 7 of the 10 PCST sessions (82% of the randomized PCST

patients), and second, we looked at patients who completed at least 50% of weekly

homework as assessed each session by the NP (74% of PCST patients). These 2 subgroups

were compared with the usual care control group. On average across all outcomes and time

points, the per-protocol effects were minimally higher compared with the ITT effects; the

median increase in outcome effect size (when comparing per protocol and ITT effects) was

d = .01 for session compliance, and d = .02 for homework compliance.

We probed further by comparing the outcomes between patients who received an adequate

dose (using the criteria discussed earlier) with those PCST patients who did not meet these

levels of protocol compliance. Across all outcome measures and assessment time points, the

median difference in the effect size between the groups was d = .08 (session compliance)

and d = .06 (homework compliance), favoring compliers. The effect was somewhat greater

at the immediate posttreatment assessment (median d = .14 for sessions, d = .11 for

homework) compared with 6-month (median d = .11 for sessions, d = .01 for homework)

and 12-month follow-up (median d = .02 for sessions, d = .04 for homework).

3.8. Assessment of treatment effect by NP proficiency

Across the 5 years of the clinical trial and the clinical sites, 6 NPs delivered PCST to the

study patients. Two clinicians (P.B., D.M.) reviewed 18% of the audiotaped treatment

sessions and rated proficiency on a 5-point scale (1 = poor, 3 = satisfactory, 5 = excellent) in

delivering the PCST intervention for that session per the PCST manual. Inter rater

agreement for audiotaped sessions was 85%. The ratings of NPs across sessions were

averaged. None of the nurses received ratings less than satisfactory. Among the 129 PCST
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patients, 45% received treatment from a nurse with a rating of 3 (satisfactory), 21% a rating

of 4, and 34% a rating of 5 (excellent).

We examined whether NP level of proficiency in delivering PCST was associated with the

level of improvement that patients achieved. Consistent with the main analyses, an

ANCOVA model was used, and site was used as a covariate. Across 7 primary, 4 secondary,

and 6 daily outcome measures, there were no significant differences in outcome by nurse

proficiency at the posttreatment assessment.

3.9. Patient global evaluations of treatment

At the posttreatment assessment, PCST patients (N = 109) responded to a series of questions

about their experience with the treatment (Fig. 2). The mean response for each question,

displayed as a diamond, shows an overall very positive view of the treatment. The full range

of responses is also displayed, showing that there was variability in their views.

At the end of each of the assessments after treatment ended, patients were asked to report on

the 3 PCST skills that they found most helpful. Fig. 3 displays these results with the skills

listed from left to right in the order in which they were introduced across the 10 sessions.

Progressive muscular relaxation, mini practices of relaxation, and activity pacing were by

far the skills that the patients found most helpful. As a result of being introduced early in the

treatment, they also were the ones that patients practiced the most across the time in

treatment. Pleasant imagery and distraction also were skills that approximately 40% of the

patients found most valuable.

4. Discussion

This NP-delivered PCST protocol produced significant improvements in a range of pain-

related variables including pain intensity, coping with pain, self-efficacy for controlling

pain, activity interference due to pain, and the use of pain medication when compared with

usual care. Patients showed good attendance at treatment sessions, and a level of attrition

over treatment that was within the expected range. Importantly, patients reported finding a

number of the pain coping skills to be quite valuable over time. Taken together, these

findings support the concept that NPs can effectively deliver PCST to patients with

persistent pain.

Given the current global focus on implementing innovative strategies to improve health care

systems, these findings are particularly important. Recommendations of 2 recent Institute of

Medicine (IOM) reports emphasize the NP role in the delivery of innovative health care

strategies such as PCST. Two of 4 key messages from “The Future of Nursing: Leading

Change, Advancing Health” support NP-led PCST [26]. These are: (1) nurses should

practice to the full extent of their education and training, and (2) nurses should be full

partners with physicians and other health professionals in redesigning health care. For many

years, the nursing profession has taken a leadership role in designing and implementing self-

management and educational counseling approaches for improved care of patients with

chronic illness. NPs in this clinical trial showed that they can play an active role in

improving outcomes for patients with persistent pain in OA while practicing within their

Broderick et al. Page 12

Pain. Author manuscript; available in PMC 2015 September 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



scope of practice in a team-based, patient-centered fashion. A second IOM report,

“Relieving Pain in America: A Blue-print for Transforming Prevention, Care, Education,

and Research,” recommends promoting and enabling self-management of pain [27].

Emerging literature supports nurse-led self-management interventions as being central to

patients’ ability to manage chronic pain. Patients identify nurse care managers as strong

sources of support through their approach to individualizing self-management strategies,

holding patients accountable for their pain management, and motivating patients [8, 42].

Philosophical tenets of nursing education surrounding holistic, patient-centered care likely

contribute to this view and are concordant with our approach to this study. The effectiveness

of nurses is inspiring similar efforts by other health professionals, including physical

therapists, to incorporate psychosocial and behavioral interventions into their primary

treatment approaches [18, 37].

Earlier trials have demonstrated the efficacy of PCST [30, 31, 60], an important first step.

However, they do not afford sufficient confidence in the treatment effects that will be

observed when implemented in the community under less rigorous conditions. Designed as

an effectiveness trial, one of the first PCSTs for OA pain, several features of this study

increase confidence for translating the findings into practice. First, eligibility criteria had

few restrictions, ensuring that patients enrolled in the trial were more typical of those seen in

community settings. Second, PCST was delivered in the patient’s physicians’ offices by

adult health NPs, who increasingly are members of the medical team, rather than by highly

trained pain psychologists practicing in other settings. In fact, this is part of a growing trend

in psychosocial pain intervention toward relying on therapists/trainers who are more likely

to be involved in the direct care of patients with painful medical conditions [6, 51]. Third,

although working with a treatment manual, the NPs had the flexibility to deliver some of the

sessions over the phone to accommodate patients’ illness, physical functioning, and

scheduling challenges. Fourth, the nurses were able to adhere to the treatment protocol

despite working with patients who varied with respect to disease severity and age. Fifth, this

trial was conducted at multiple sites with diversity in the patient populations and NPs. Sixth,

to our knowledge this is the largest outcomes study testing the effects of PCST in a sample

of patients with OA.

Nurses in this study were enthusiastic about PCST as a valuable tool in their limited

armament of interventions for chronic pain in OA. The cognitive and behavioral strategies

for coping with pain expanded the nurses’ understanding of factors contributing to the

chronic pain experience. However, these advantages of having NPs deliver PCST need to be

balanced against potential drawbacks. The level of training and supervision of NPs that we

used in this study to enhance the quality of treatment was rigorous. In particular, ongoing

supervision of nurses delivering PCST was extensive during the early training of each nurse.

Of interest is that within the group of NPs delivering treatment in this study, ratings of

therapist competence were not related to treatment outcome, suggesting that a high level of

competency is not important. The NPs in this study all reached a moderate to high level of

competence, so this finding may not extend to the full pool of NPs. An important direction

for future research is exploring the effects of less rigorous, less labor-intensive training, and

ongoing supervision protocols to support NPs delivering PCST.
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One of the most interesting findings of this study was the breadth and maintenance of

treatment effects. NP-delivered PCST not only produced improvements in pain-related

outcomes (pain intensity, pain coping, self-efficacy for controlling pain, activity interference

due to pain, and the use of pain medication) but also in a broad range of other outcomes

important to patients, ie, physical functioning, fatigue, psychological distress, and

satisfaction with health. To our knowledge, this study is one of the first in OA patients to

demonstrate that a psychosocial pain coping skills intervention can produce such a broad

range of significant treatment effects. Importantly, unlike many other studies of cognitive-

behavioral treatments, this study also found strong evidence of maintenance of many

treatment effects 12 months after treatment ended. Given that OA is a chronic disease, the

ability to maintain treatment gains is particularly important.

Also interesting was that the analysis of daily assessments showed larger PCST treatment

effects than the traditional questionnaire methods. Based on their daily ratings, patients

receiving PCST were much more likely to report reductions in pain intensity, pain

interference, fatigue, and use of pain medication than those in the usual care control

condition. These findings fit with a growing body of research evidence suggesting that daily

ratings are subject to less recall bias than traditional paper and pencil measures [9, 10]. They

also suggest the utility of incorporating daily assessment in treatment outcome studies of

pain management.

This study had several strengths. First, it was a multisite study conducted in 2 different

regions of the country. Although the participants in these 2 regions differed in terms of a

number of factors (eg, ethnic background, education, levels of distress and disability, etc),

we found no differences in the effects of PCST based on study site. Second, radiographs

were used to confirm OA disease severity. Based on the range of disease severity evident on

these radiographs, it seems fair to say that the study population was similar to those often

encountered in primary care and rheumatology practices and other clinical trials [17, 50].

Third, it was one of a few studies to show that a psychosocial intervention can reduce the

reported use of pain medication [28] and have beneficial effects lasting at least 12 months

beyond the intervention.

There are several important directions for future research on this topic. First, the results of

this study underscore the potential for dissemination/implementation research on PCST. An

exciting direction would be to evaluate the effects of nurse training institutes that could

teach skills for delivering PCST, provide monitoring of intervention competence, and offer

certification of competency. A large cadre of trained nurses who are competent in delivering

PCST could have a substantial impact on the management of chronically painful diseases,

such as OA. Second, important questions remain about the optimal dose of PCST (ie, how

many sessions) needed to achieve treatment effects. To optimize dissemination, treatment

needs to be as brief and streamlined as possible. Future studies need to explore the short-

and long-term effects achieved with shorter (eg, 4 to 6 sessions) vs more intense (eg, ≥10

sessions) PCST protocols. Third, future studies could conduct head-to-head comparisons of

PCST delivered by different providers, eg, psychologist vs NP, physical therapist, or other

health provider, as well as by peer leaders. Such studies would provide important

information about whether provider discipline, background, or training influences the
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outcomes of PCST. Fourth, more research is needed on the comparative effectiveness of

PCST vs other treatments that may be offered in the primary care setting for managing pain

(eg, physical therapy, medications). Fifth, future research should explore other treatment

delivery formats. Previously, we showed that PCST can be delivered successfully to groups

of OA patients [29, 30, 32, 33], which is an economical format for training a number of

patients. Web-based formats, in which the treatment is delivered without the involvement of

a therapist, are being explored [52]. If effective, they could offer a very cost-effective

strategy for disseminating PCST and other psychosocial interventions for pain. Finally, there

is a need to identify the characteristics of patients most likely to benefit from PCST.

In conclusion, the results of this study support the concept that NP-delivered PCST

embedded within a practice setting can have significant effects on OA pain and a variety of

other important out-comes. Future studies are needed to expand these findings and to

investigate other approaches for disseminating psychosocial pain management interventions.
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Fig. 1.
Consolidated Standards of Reporting Trials (CONSORT) flow diagram. CST = coping skills

training.
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Fig. 2.
Patient ratings of pain coping skills training treatment. Diamonds mark the mean responses.

Shading of response options shows the range. Bars show distribution of responses. OA =

osteoarthritis.
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Fig. 3.
Patient ratings across posttreatment assessments of the 3 most useful coping strategies.
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