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ABSTRACT

Background: The Patient-Reported Outcomes Measurement Information System (PROMIS®) is a
system of reliable and flexible measures of patient-reported health status that include several
instruments for measuring different aspects of pain. However, 2 pain-related constructs are
missing: pain catastrophizing (PC) and pain-related self-efficacy (PRSE). Pain catastrophizing is a
form of ““cognitive distortion” that can lead to negative affect and can amplify symptoms and
distress. PRSE refers to a person’s confidence in living well with chronic pain and successfully
managing the impact of pain on their lives. Understanding and measuring these aspects of
chronic pain is important for designing treatments that can improve quality of life.

Objectives: The purpose of this study was to develop brief, flexible, psychometrically sound,
patient-centered, and clinically meaningful measures of PC and PRSE.

Methods: Development of both item banks followed the PROMIS methodology. Patient
advisors worked with investigators on every aspect of the study. A panel of pain researchers
defined the PC construct. Focus groups and cognitive interviews with people living with chronic
pain reviewed the definitions and provided feedback on meaningfulness and clarity of all items.
Individuals with chronic pain recruited from various sources (online recruitment companies,
previous studies, research registry, pain clinic) completed the candidate items via online or
paper surveys. Pain Catastrophizing Scale and Pain Self-Efficacy Questionnaire were used as
legacy measures (ie, existing gold standard self-report measures of PC and PRSE). Test-retest
stability data were collected from a subset of respondents 40 to 80 hours after initial
administration of the candidate items. Reliability was evaluated using intraclass correlation
(ICC), and items were examined for unidimensionality, local dependence (redundancy), and
differential item functioning (DIF). Iltem response theory (IRT) was used to calibrate the items.

Results: Final banks included 24 PC and 29 PRSE items calibrated on a demographically (eg,
gender, age, race) and clinically (ie, various chronic pain conditions) heterogeneous sample of
people with chronic pain (n = 795). The PC instrument was renamed “Pain Appraisal Scale”
(PAS) after feedback from patient groups indicated “catastrophizing” was perceived as
stigmatizing. Items for short forms were selected by considering item parameters and content
coverage. Six items that captured the trait continuum were selected for each short form.
Correlations between the 6-item short forms and the full item bank scores (PAS r = 0.99; PRSE r
= 0.85) and test—retest reliability (PAS ICC = 0.93; PRSE ICC = 0.90) were excellent. Correlations
of short form scores with legacy measures of related constructs were high (>0.8).

Conclusions: Six-item short forms measure well across the PC and PRSE continuums and the
scores are highly correlated with the full item bank scores. The results support the validity and
reliability of the PAS and PRSE short forms. Short form scores are on the same metric and
directly comparable to full item bank scores, are brief, and are well suited for research and
clinical practice. The short form and the full item bank will be available publicly and free of
charge at uwcorr.washington.edu.



Limitations and Subpopulation Considerations: If people with additional chronic pain
conditions were included, they may have provided different perspectives on PRSE and PC.
Analyses suggest scores are primarily driven by the level of PRSE and PC, rather than

demographic characteristics (eg, age, gender).



BACKGROUND

Chronic pain puts significant burdens on the individual experiencing pain, their
significant others, the health care system, and the nation’s economy. Chronic pain affects the
lives of approximately 100 million adults, exacting a tremendous toll in rehabilitation resources,
health care costs, and lost worker productivity.! Initially, pain signals the need to heal and
protect tissue damage, but when it persists beyond recovery and recuperation, it can become
maladaptive.? The consequences of chronic pain are extensive and are known to affect
psychological, physical, and social well-being.3* As a result, chronic pain can lead to short- and
long-term disability and unemployment, with substantial costs to society and employers.>® The
negative economic impact of chronic pain has been estimated at $560 billion to $635 billion

annually in the United States.’

Over the past 2 decades, there have been considerable shifts in how pain is
conceptualized. In addition to neurobiological factors, evidence for psychosocial determinants
of pain, disability, and treatment response have been accumulating. In a large prospective
study, Jarvik et al® found that psychosocial factors (eg, catastrophizing) were more predictive of
onset of back pain and disability than baseline physical or biomedical measures. Similarly,
Carragee et al° observed that psychosocial factors (eg, depression) were more predictive of
persistent back pain and disability than objective pathological measures of diagnostic imaging.
Among others, Burns et al'® found that cognitive factors and mainly changes in perceived self-
efficacy were the best predictors of response to pain rehabilitation treatment. Consequently,
the biomedical model has proved inadequate for explaining the impact and experience of pain,
and psychosocial factors need to be considered in treatment plans aimed at improving pain

outcomes.!!

Chronic pain is associated with various prevalent conditions (eg, arthritis) and disorders
(eg, low back pain). To treat chronic pain, appropriate ways to assess patient experiences and
impacts of pain are needed. A crucial finding of the Institute of Medicine’s 2011 report
Relieving Pain in America: A Blueprint for Transforming Prevention, Care, Education, and

Research is the need for better pain assessment.” A substantial body of evidence supports the



efficacy of self-management interventions that address self-efficacy and catastrophizing in
improving the mental health, pain, and health-related quality of life of people with chronic
pain.'12 Understanding and measuring the belief that people with chronic pain can successfully
self-manage and live effectively with pain is important for designing treatment regimens that
can lead to better quality of life. Critical to this is the need for improved pain assessment,’
including availability of brief, precise, and patient-centered outcome measures that assess
important psychosocial determinants such as pain catastrophizing and pain-related self-

efficacy.

Pain-related self-efficacy (PRSE) beliefs have been used to describe a range of behaviors
and aspects of pain experience and treatment response. PRSE beliefs for people with chronic
pain incorporate not only the expectation that they can perform a specific activity but also their
confidence in their ability to perform the activity despite pain. Thus, higher patient confidence
in the ability to tolerate pain can predict actual tolerance and psychosocial factors and has been
shown to be more predictive of back pain and disability than physical tests or diagnostic

imaging 891314

Pain catastrophizing (PC) refers to the exaggerated negative thoughts and feelings
about pain that some people have when they are in pain (eg, “Because of my pain, my life is
over”). PCis a form of cognitive distortion that is hypothesized to contribute to the
development and maintenance of depression and negative affect. Chronic pain and depression
are commonly overlapping syndromes—30% to 60% of patients with chronic pain present
significant depressive symptoms.!> The catastrophizing that accompanies depression can
negatively influence patient perceptions, memories, expectations, and, consequently, their
experiences.®!” As a further consequence, they may develop passive coping styles (eg, lack of
control, helplessness, rumination) that further exacerbate their plight.*®In a study of 2618
adults with chronic pain, catastrophic thinking and depression were significantly correlated with
pain-related disability.'? In fact, catastrophizing has emerged among the most important and
consistent psychosocial predictors of nearly every key pain-related outcome, such as pain

intensity, psychological functioning, and disability.20-2°



Three scales to measure PRSE3%32 and 2 versions of a PC scale3334are currently available.
All of them are several decades old and have been developed using classical test theory, rather
than item response theory (IRT). One of the strengths of IRT lies in its ability to address
important psychometric and substantive issues that are difficult to evaluate in the classical test
theory framework (eg, reliability at every level of the trait).3> The Pain Self-Efficacy
Questionnaire (PSEQ)3°is a 22-item instrument that incorporates the role of pain in rating self-
efficacy beliefs.3® Although people with chronic pain were asked to review items in an interview
setting, no focus groups were conducted with people with chronic pain to ensure that all
important facets of catastrophizing are included, and items were not analyzed using IRT. The
Chronic Pain Self-Efficacy Scale! is a 22-item questionnaire designed to measure chronic pain
patients’ perceived self-efficacy to cope with the consequences of chronic pain. Finally, the
Arthritis Self-Efficacy Scale3? provides a classical test theory—based summary score and the
subscale scores. The Coping Strategy Questionnaire (CSQ)33is a 44-item questionnaire
developed for people with rheumatoid arthritis pain that contains a 6-item catastrophizing
scale. The Pain Catastrophizing Scale (PCS)—an extension of the CSQ—was developed by
Sullivan et al*” and includes 13 items that can be totaled for an overall score or grouped into 3
subscales: rumination, magnification, and helplessness. The scale’s internal consistency and

validity have been demonstrated in clinical undergraduate and community-based samples.3438

In the time since these scales were developed, psychometric advances (eg, IRT) have
made shorter or dynamically administered instruments possible. In particular, the development
of IRT-based item banks has facilitated flexible administration options that use item
combinations personalized to the respondent while maintaining comparability of the scores
across studies and populations.3*#! The Patient-Reported Outcomes Measurement Information
System (PROMIS®) is a system of precise, reliable, and flexible measures of patient-reported
health status developed through the NIH cross-institute roadmap initiative. PROMIS includes
several specific pain-related sets of questions (item banks) that measure pain intensity, pain
interference, pain quality, and pain behavior.*? The PROMIS initiative was tasked with
developing measures for several health domains (eg, depression, physical function, fatigue,

social function) in addition to pain.*? Therefore, the initial PROMIS initiative could only allocate



enough resources to develop measures for a limited number of pain constructs; PC and PRSE
were not part of the PROMIS portfolio of item banks. New and sophisticated patient-centered
measures of PRSE and PC developed using IRT-based approaches will facilitate pain research
and clinical practice while reducing patient-respondent burden. Adding measures of PC and
PRSE would greatly enhance the utility of PROMIS pain instruments for conducting comparative
effectiveness research in chronic pain populations. Thus, the item banks we propose to develop
to measure PC and PRSE would fill an important void in the currently available PROMIS pain
domain instruments. These banks would allow researchers and clinicians to take advantage of
applications of IRT and of the scientifically rigorous instrument development process adopted

by the PROMIS initiative.

Currently, researchers who are targeting improved understanding of the subjective
experience of pain and related disability and who want to use IRT-based PROMIS tools are
limited by the absence of PROMIS instruments for measuring PRSE and PC. The specific aims of
this study were to (1) develop an item pool for assessing PC and PRSE, (2) conduct IRT analyses
to calibrate the item banks, and (3) examine the psychometric properties of the new PC and

PRSE scores.



PARTICIPATION OF PATIENTS AND OTHER STAKEHOLDERS IN
THE DESIGN AND CONDUCT OF RESEARCH AND DISSEMINATION
OF FINDINGS

Types and Number of Stakeholders Involved, and How the Balance of Stakeholder
Perspectives Was Conceived and Achieved

The main stakeholders for the measurement instruments developed in this study were
(1) people living with chronic pain, because the instruments must be meaningful and
understandable by people with different types of chronic pain; and (2) researchers and
clinicians who treat and study chronic pain. This project involved a diverse group of
stakeholders both as part of the research team and as consultants at key points in the research
process. Chronic pain experts participated in every aspect of this study: They participated in
expert panels that guided instrument development, provided guidance on definitions of the

constructs, provided feedback on the PC and PRSE items, and edited those items as needed.

This study also included 2 patient partners (Penny Cowan, a founder and executive
director of the American Chronic Pain Association, and Mary Scott; both persons live with
chronic pain) who represented perspectives of patients with chronic pain. In addition,
consistent with the rigorous PROMIS methodology, individuals with chronic pain were
extensively involved in all stages of instrument development to ensure that the items are

meaningful and measure all important facets of the PC and PRSE.

Methods Used to Identify and Recruit Stakeholder Partners

We worked with patient partners through the Comparative Effectiveness Research
Translation Network (CERTAIN), a PCORI-funded project called the University of Washington
Patient Voices Network. Dr Danielle Lavallee and Sarah Lawrence participated in
teleconferences with patient partners and helped the study team create best strategies for

meaningful engagement of patient advisors.
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Methods, Modes, and Intensity of Engagement

Together with the principal investigator and co-investigators, a panel composed of 5
pain experts and clinicians participated in panels in February, May, and July 2015, to guide
study design, help develop definitions of the constructs, and place the constructs in a larger
conceptual model of pain. Expert panel members discussed (1) what conceptual frameworks
could be used to generate items for both instruments (ie, framework([s] that outline the
relevant subdomains of the constructs); (2) the definition of both constructs, including
subdomains; (3) how the constructs are related to other variables that could be used for
validation purposes; and (4) what potential items should look like (eg, instructions, time frame,
item stem, response options). Once the items were developed, the expert panel members

reviewed them and provided feedback.

Patient partners also made an important contribution to the quality of the products
developed by the study. Ms Cowan and Ms Scott reviewed all recruitment materials and
provided feedback on the recruitment flyer and focus group materials, such as questions asked
at the focus groups. This resulted in more patient-friendly recruitment and study materials.
Patient partners provided feedback during regular teleconferences as well as during in-person
meetings and in written form. For instance, Ms Scott provided detailed edits to the recruitment
flyer, such as simplifying the content for clarity and editing the sentences to make them more
meaningful to people with pain. This resulted in more comprehensive and user-friendly

recruitment material and questionnaires.

People living with chronic pain who reviewed our proposal for PCORI and the focus
group participants expressed concerns about how clinicians might interpret patient answers to
the PC items. We extensively discussed the issue of the potentially stigmatizing effect of the
term “pain catastrophizing” and decided come up with a more neutral term, settling on the
name “Pain Appraisal Scale” (PAS). Therefore, a brief guidance statement was developed to
help clinicians interpret PAS scores to avoid stigmatizing patients with chronic pain. We
interviewed people with chronic pain (n = 8) and asked them to review and provide feedback

on the final PAS items as well as the guidance statement. Most participants did not have any
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concerns about the questions being asked in the PAS, although some also expressed concern
about the interpretation of some responses (eg, worried that some items may be interpreted as
suicidal ideation). Most participants agreed with the guidance statement and felt it would help
in avoiding stigmatization of patients with chronic pain. Several participants provided
suggestions for the guidance statement, and we edited it to address concerns raised in
interviews (eg, indicate referral to other specialists in addition to mental health professionals;
emphasize that responses to the PAS do not indicate that a person is seeking drugs; explain that
external factors, both related to a patient’s pain and unrelated, could affect PAS responses).
This resulted in specific guidance for clinicians on how to interpret the scores and substantially
addressed the patient concerns. In addition, modified instructions will help assure patients that
their responses will not be used to stigmatize them. In conjunction with the modified
instructions, our patient advisor (Penny Cowan) suggested we include a few “positive” items to
reduce the impact of negativity. We followed her suggestion and developed a PC short form
that includes 2 items (prse23 and prse21) from the PRSE bank (which are positive in nature) at

the end of the scale; the 2 items do not contribute to the PAS score.

Perceived or Measured Impact of Engagement

1. Relevance of the research question. The expert panel felt strongly that the research
guestions were highly relevant to both clinical practice and research. Patient partners
(and research participants), on the other hand, felt that the construct of PC was too
negative and they recommended focusing on more positive constructs, such as PRSE.
However, the negative aspect of PC is exactly what makes it a useful therapeutic target.
As a result, while we continued to develop the measure of PC, we took several steps to
address patients’ concerns.

2. Study design, processes, and outcomes. Clinicians and researchers who participated in
the expert panels guided the study, both to develop a framework that would be useful
to further the knowledge of chronic pain and to define constructs and review research
methods.

3. Study rigor and quality. Stakeholder engagement shaped the project’s processes and
outcomes in important ways, including changing the name of the measure for PC,
developing guidance for clinicians on how to interpret the score, creating items that are

12



4.

easily understood and meaningful to patients, and developing instructions that provide
useful guidance to respondents.

Transparency of the research process. Involvement of the patient partners also made
the processes more transparent because the procedures at different stages had to be
described in lay language and materials summarized at each step. While the statistical
methods used were too technical for the patient partners to truly understand, the
patient partners made important contributions to the final measures. For instance,
when statistical analyses indicated the need to remove items similar to other items, the
patient partners worked with researchers to select which items to keep and which to
delete.

Adoption of research evidence into practice. Because patient partners viewed PC as
such a negative construct, we recommend including the 2 items from the PRSE 2-item
short form when administering the PAS 6-item short form.

13



METHODS

To ensure the new instruments for measuring PC and PRSE maximized their utility, we
followed the recommended qualitative and quantitative methodologies set forth by the
PROMIS network.**4* The University of Washington Human Subjects Division approved all

procedures before study implementation.

Study Design

Expert panel members and patient advisors guided construct and item development. A
diverse sample of individuals with chronic pain was recruited to participate in focus groups,
cognitive interviews, and a prospective large-scale cross-sectional survey. Data from the focus
groups were used to verify the definition of the constructs, to identify gaps in subdomains of
PRSE and PC, and to examine the language people with chronic pain use to describe the
constructs of PRSE and PC. Data provided the information needed to ensure that the
instruments used language meaningful to people living with chronic pain. We used data from
cognitive interviews to examine whether the items were meaningful and understandable to the
target audiences. We used data from the cross-sectional survey to calibrate and validate the

new PC and PRSE measures.
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STUDY PARTICIPANTS

Individuals in a national research registry who had previously participated in pain-
related studies at the University of Washington were invited to participate in focus groups and
cognitive interviews. Study participants for the cross-sectional study were recruited from
multiple sources: (1) two online panel companies (Toluna and Op4G) that maintain databases
of people available to participate in online surveys, (2) participants from previously completed
research studies who were interested in future research, (3) the University of Washington’s
registry of individuals with various chronic health conditions and disabilities who are interested

in future research, and (4) the University of Washington Center for Pain Relief.

To be eligible for any part in this study (focus group, cognitive interview, or cross-
sectional survey), participants were required to (1) be 18 years of age or older; (2) be able to
read, speak, and understand English; (3) have had pain for at least half the days of the 6 months
before the study; (4) have a pain intensity level of 3 or higher on the 0 (no pain) to 10 (worst
imaginable pain) numerical rating scale; (5) allow the discussion to be audio-recorded (focus
groups and cognitive interviews only); and (6) have self-reported low back pain, osteoarthritis
of the knee, painful diabetic neuropathy, multiple sclerosis, a spinal cord injury, and/or a lower
limb amputation at or below the hip and at or above the ankle. We chose these diagnosis
groups because they are commonly associated with pain and were populations that were
accessible to the researchers. However, participants could have had multiple sources or types
of pain related or unrelated to their diagnosis. The conditions were used only for recruitment
and in no context were the participants asked to attribute or rate their pain with respect to
their condition. For all study phases, if the research staff believed that a participant’s inability to
understand questions or follow research procedures would interfere with discussions and
guestion completion, then that participant was excluded from the study. Additionally, those

who participated in the focus groups were not eligible to participate in the cognitiveinterviews.

Measures
All participants responded to a survey that included demographic and clinical

information, as well as pain-related and well-being—related measures.
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Demographic and Clinical Information
Participants completed a questionnaire to collect demographic (eg, gender, age,
ethnicity, race, marital status, income, education, employment status) and clinical information

(eg, which conditions cause them pain, which of those causes the most pain).

Validity Measures

We administered the PROMIS 29 profile v.2,* Pain Interference short form 6b,* and the
PROMIS Global*’ to all participants. We scored measures according to published instructions
using look-up tables. We did not generate profile and global scores for records with missing
items; we imputed the pain interference score for records missing 1 or 2 items and did not
score if missing more than 2 items. Subscale scores from the profile used in validity analyses
included depression and anxiety scores. All PROMIS scales are scored on a T-score metric with a
mean of 50 for the US general population, with higher scores indicating more of the trait being
measured. In addition to the PROMIS measures, we asked participants to rate their average
pain over the previous 7 days on a scale from 0 to 10. Using this rating, participants were
grouped into mild (scores 1-4), moderate (scores 5-6), or severe (scores 7-10) pain categories*s;
participants reporting O were ineligible. We used these groups because they are the most

commonly recommended cut points for noncancer pain patients reported in the literature.

Legacy Measures

We administered the Pain Catastrophizing Scale developed by Sullivan et al*’ as a legacy
measure of PC. The PCS is a 13-item measure with 3 subscales—rumination, helplessness, and
magnification—and an overall score. Scale developers did not provide instructions about how
to score records with missing data, so we did not generate the overall and subscale scores for
records missing any PCS item. An overall PCS score of 30 or greater may represent a clinically
significant level of PC.* The internal consistency and validity of the scale has been
demonstrated in clinical undergraduate and community-based samples and the test-retest

correlation was high (r = 0.75) across a 6-week period.3*38
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The Pain Self-Efficacy Questionnaire3®is a 10-item instrument that incorporates the role
of pain in rating self-efficacy beliefs.>° The scale developers did not provide instructions about
how to score records with missing data, so we did not generate a score for records missing any
PSEQ item. Scores of <17 to <20 have indicated levels of low pain self-efficacy in other
studies.>>>2 The PSEQ has excellent internal reliability (Cronbach a =.92) and a good test—retest

correlation (0.73) over a 3-month period.3°

Measures of Neuropathic Pain

These measures included the self-report version of the Leeds Assessment of
Neuropathic Symptoms and Signs pain scale (S-LANSS)>3 and the PainDETECT Questionnaire*
(focus groups and cognitive interviews only), and the PROMIS Pain Quality-Neuropathic Pain
(PROMIS-PQ-NP)°°> Short Form (all phases). The S-LANSS is a sensitive (74%-78% depending on
the cutoff used) measure of neuropathic pain, identifying 75% to 80% of pain types depending
on administration method.>® PainDETECT is a screening measure of neuropathic pain that has
high sensitivity (84%-85%), specificity (80%-84%), and positive predictive accuracy (83%-84%).>*
Last, the 5-item PROMIS-PQ-NP measure is a brief and reliable measure that can be used to
identify patients more likely to have neuropathic pain and to distinguish between levels of
neuropathic pain.>® The PainDETECT does not provide instructions on how to score records with
missing data. Instructions for the S-LANSS indicate that it should not be scored if 1 or more
items are missing. Instructions for the PROMIS-PQ-NP state that the look-up scoring table
should not be used for records with missing data. Therefore, for each of the 3 neuropathic pain

measures, we did not generate a score if a record was missing any items in that measure.
Data Collection

Expert Panel
An expert panel comprised of 5 pain researchers—3 of whom are also clinicians who
treat patients with chronic pain and 2 are pain outcome measurement experts—was convened

by telephone to help define the constructs of PC and PRSE, including subdomains, and to select
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item format (eg, question/statement, response options, instructions, time frame). Each meeting

was summarized and a report was compiled with all the key decisions.

Patient Partners

Two patient partners living with chronic pain provided input throughout the
development process. Advisors reviewed the summary of the expert panel discussions,
including proposed construct definitions and focus group guiding questions; they also helped

revise candidate items.

Focus Groups of People Living With Chronic Pain

We conducted focus groups in person, scheduling them to last no more than 2 hours.
We planned a minimum of 3 focus groups with 5 to 10 participants each. Focus groups included
(1) no more than 2 people with a mild pain score (3 or 4) across all focus groups; (2) at least 2
participants from ethnic minority backgrounds across all focus groups; (3) at least 3 participants
each with low back pain, osteoarthritis of the knee, and other conditions (eg, painful diabetic
neuropathy, multiple sclerosis, spinal cord injury, amputation) across all focus groups; (4) at
least 2 male participants in each focus group; (5) at least 2 people with neuropathic pain in each
focus group; and (6) at least 1 person with low back pain and 1 with osteoarthritis of the knee
in each focus group. An experienced moderator facilitated the focus groups, which included
discussion of both PC and PRSE. All focus groups were audio-recorded and transcribed by a

Realtime Captioner.

Cognitive Interviews

Study investigators, with input from the expert panel, focus groups, and patient
advisors, developed PRSE and PC items consistent with the proposed definitions. We tested the
items in one-on-one cognitive interviews with people living with chronic pain. The research
staff conducted the cognitive interviews in person or on the telephone using a semistructured

interview format that lasted approximately 1 hour. They asked open-ended questions to guide
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the interview (eg, “What were you thinking of when you chose your answer?” or “How did the

response options work for you?”). The staff audio-recorded all interviews and took notes.

At least 5 individuals reviewed each item.* The sample of cognitive interview
participants was required to include at least 2 men, 2 people with painful diabetic neuropathy,
1 person with low back pain, 1 with knee osteoarthritis, no more than 2 people with mild pain
(a score of 3 or 4 on the 0-10 numerical rating scale of pain intensity), and at least 1 person
from a minority ethnic background. We used participants’ feedback to modify, add, or delete
items. We tested substantially revised items in a second round of cognitive interviews with at

least 3 participants and eliminated items that did not function well after being revised.

Large-Scale Administration/Field Testing

To ensure adequate representation among this sample of people with chronic pain, we
targeted enrollment in the cross-sectional survey to people with different demographic
characteristics (eg, younger [<45 years] and older [>75 years] age, males, less than high school
education, and Hispanic and African American race/ethnicity). We needed responses from a
minimum of 500 individuals, as this sample size is considered sufficient for reliable estimates of
item parameters using a graded-response model with a small to moderate number of items.>®
Panel companies sent study invitations by email, via mobile text, or through an application,
with a direct link to the online survey administered through the Research Electronic Data

Capture (REDCap)®’ platform.

Individuals recruited from other sources were either sent a link to the online survey or
mailed a paper survey with a return envelope, depending on their preference. Individuals
recruited from panel companies responded to the eligibility screening questions online before
starting the survey and were required to provide their contact information to participate. Study
staff contacted all participants who submitted completed survey responses and screened them
again via telephone; study staff screened individuals recruited from other sources once via
phone before sending the survey or link to the survey. Staff reviewed all survey responses for

missing data and consistency; they also double-entered paper surveys to control for data entry
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errors. Staff contacted participants to resolve missing data and/or minor inconsistent
responses. If participants could not be contacted to resolve missingness, we designated the
item(s) as missing and included the record in analyses. In instrument development, missing data
are much less of a threat to validity than in other contexts, such as comparisons of group
means. The biggest problem with missing data is too few data points for extreme categories.
Consistent with best practices, we collected data until we received a minimum of 10 responses
in each response category (eg, at least 10 responses each in never, rarely, sometimes, often,

always) for each PRSE and PC candidate item.

Reliability Testing

Participants who completed the survey online were invited to retake the PC and PRSE
items 40 to 80 hours after the original administration; the link to the online retest survey was
sent to individuals about 40 hours after submitting the first survey, with instructions to
complete it within the next 24 hours. We continued to invite participants to complete the retest

survey until at least 200 were completed within the 40- to 80-hour window.

We selected 40 hours as the minimum retest period to mitigate the potential for
recollection bias. We selected 80 hours as the maximum duration between tests to minimize

natural changes in PC and PRSE.

After completing study procedures, participants either received a small incentive from
the panel company or were offered $25 (for completing the focus group, cognitive interview, or
1 cross-sectional survey) or $35 (for completing 2 surveys in the cross-sectional study), if
recruited from other sources. Participants who were interviewed about the guidance statement
received $20. The University of Washington Human Subjects Institutional Review Board

approved all procedures.
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Data Analysis

Qualitative Data

Following the best practices for instrument development, 2 doctoral-level researchers
independently analyzed and coded focus group transcripts. A third researcher reconciled
discrepancies when necessary. After each focus group, we constructed a saturation matrix to
guide the number of focus groups needed. Saturation was achieved once no new information
was identified. We used cognitive interview notes and recordings to compile a detailed
summary that we used to decide whether items needed modification and whether we should

delete them.

Large-Scale Cross-sectional Data
Item bank confirmation. We completed analyses to (1) confirm construct

unidimensionality, (2) evaluate local dependence, (3) calibrate items to a graded-response IRT-
model,>® (4) evaluate item fit, (5) examine differential item functioning (DIF), (6) examine test—
retest reliability, and (7) evaluate scale reliability and construct validity of the bank and short
forms. Before fitting items to an IRT model, we confirmed unidimensionality of the bank. This
was completed using confirmatory factor analyses (CFA), using the mean- and variance-
adjusted weighted least squares estimator in M-plus 7.2.>° A comparative fit index value of 0.90
or greater is evidence of acceptable model fit, and 0.95 or higher indicates excellent model fit.®°
We also examined local independence violations, using the matrix of residual correlations from
the CFA. We used residual correlations greater than 0.2 (Kim et al®?) to identify item pairs with
local dependence (eg, items highly correlated with one another). Once the assumption of
unidimensionality was met, we calibrated items to a graded-response IRT model using
IRTPRO.®2 IRTPRO uses all available data and only uses listwise deletion to calculate the
coefficient a. We evaluated item fit using Orlando and Thissen’s®® S-x? calculated by IRTPRO. We
judged items with an S-x? P < .01 as misfitting and removed them from the item bank. We used
an iterative process to identify problematic items that did not meet the local independence

assumption or had poor item fit. We dropped 1 item from each item pair with local dependence
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based on item preference or lack of fit to the IRT model, and reran the model until no items
displayed local dependence or had significant misfit. Once an item set was identified that met
these requirements and had CFA statistics that supported unidimensionality, we completed
additional analyses to evaluate DIF using the lordif®* program in R.%> Consistent with analysis
plans used by major measurement initiatives,* we evaluated DIF by sex (male versus female),
age (<46, 46-65, 266 years), and education (less than college degree versus college or
professional degree). We considered items with a change in pseudo-R? statistic <0.13 (Zumbo et
al®®) or <5% change in B coefficients®’ to have significant DIF. We further examined any item
that met the criteria for DIF by calculating the impact of DIF on participants’ scores. We did this
by calculating full bank T-scores for participants using subgroup-specific parameter estimates
and comparing those scores to T-scores calculated using overall sample parameter estimates. If
score differences were less than 1 point on the T-score metric, we considered DIF negligible and
kept the item in the bank. We dropped from the bank items with DIF that we considered
nonnegligible. The final item bank, therefore, consisted of items that had adequate fit to the

IRT model and showed no significant local dependence or DIF.

The graded-response 2-parameter IRT model generates a difficulty and discrimination
parameter for each item. Items with higher discrimination parameters are better at
differentiating among respondents with similar scores. The difficulty parameter represents the
level of the construct (ie, PC or PRSE) at which a person is most likely to choose a given
response. For example, answering yes to the question “Are you able to walk a block?” requires
less physical ability (and therefore is an easier item) than saying yes to “Are you able to run a

mile?,” which would have a higher difficulty parameter.

Short form selection. We selected 6 items from the final item bank to comprise a
fixed-length short form for administration in cases where CAT or computer administration is
not feasible. We chose short form items by considering items’ IRT parameters, expert panel
item preference, and content coverage. We also evaluated the appropriateness and function of
the 5-category response option set by visually inspecting the category response curves

generated by IRT analyses. Ideally, category response curves have distinct peaks, indicating that
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at a certain level of the train each person has the highest probability of choosing only 1
response.®® In addition to the 6-item short form, we created a 2-item short form to use in
situations where extremely short scales are needed. We chose the 2 items by balancing item
difficulty and expert panel item preference. We examined representativeness of the short
forms by evaluating the correlation between each short form and PRSE and PAS scores based

on the final item bank.

Reliability. We evaluated test—retest reliability for full bank scores and the short forms

using the 2-way random-effects (2,1) intraclass correlation coefficient (ICC)®° using Stata14.”®
Only individuals who completed the second survey within the 40- to 80-hour window were
included in these analyses. For a scale, an ICC of 0.7 is thought to indicate acceptable test—
retest reliability.®® We also evaluated reliability of the final item bank and each short form by
examining the IRT-based test information function graphs. Reliability of the scale and short
forms across the trait spectrum can be determined by evaluating the trait levels for which the
information function is above 5 or 10 points. Information function is the IRT equivalent of the
concept of reliability in classical test theory. When information is large, item parameters can be
estimated with precision (ie, the parameter estimates are reliable). It is an indication of item
guality and the item’s ability to differentiate among respondents. Reliability of 0.8, which is
considered sufficient for group comparisons, is equivalent to scale information of 5. Similarly,
information of 10 is equivalent to reliability of 0.9, which is considered sufficient for individual
comparisons.”* We also calculated the percentage of the sample within the effective

measurement range for both the full bank and the 6-item short form.

Validity. We evaluated the item bank’s construct validity by examining Pearson
correlations between PAS or PRSE scores and the legacy (eg, PCS and PSEQ) total and subscale
scores, PROMIS anxiety, PROMIS depression, and PROMIS pain interference. We hypothesized
that PAS and PRSE scores would be highly positively correlated (about r > 0.7) with legacy
scores of the PCS and PSEQ. In addition, based on previous literature, we hypothesized the
PRSE would be moderately negatively (about r < —0.5) correlated with anxiety, depression, and

pain interference.’?’® Conversely, we hypothesized that PAS would be moderately positively
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(about r < 0.5) correlated with anxiety, depression,’* and pain interference.3®’> We assessed
known groups validity by comparing the mean PAS or PRSE scores of participants with different
levels of pain intensity (mild, moderate, severe) using a 1-way analysis of variance with

Bonferroni correction for multiple comparisons, and by gender using the 2-sample t test.

Based on results seen using the PCS,3® we hypothesized that average scores of people
with higher pain intensity will have statistically significantly higher scores of PC and that women
will report higher levels of PC. Similarly, we hypothesized that those with higher pain intensity

would report significantly lower scores of PRSE.”?

Handling missing data. Instrument development using classical test theory will omit
records that have missing data; thus, missing data used to be a significant issue when
developing instruments. Instrument development and calibration using IRT uses all available
data for each item, and as such responses from participants with partial missing data can still be

utilized in IRT analyses.®?
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RESULTS

Refer to Tables 1 and 2 for information on participant flow and details of the study

phases. No adverse events or deaths occurred among study participants.
Qualitative Study Results

Expert Panel
The expert panel consisted of pain researchers and clinicians who treat people who
have chronic pain. The following definitions of PRSE and PC were agreed on by the expert panel

and reviewed by the patient advisors and focus group participants.

e PRSE is a person’s confidence in his or her ability to minimize the impact of pain on physical
and psychological functioning (eg, sleep, fatigue, mood), activities (eg, leisure activities, self-
care) and participation (eg, work responsibilities, social interactions, relationships).
Identified subdomains include control/tolerance of/cope with symptoms, ability to manage
the impact of pain on mood and psychological functioning and interpersonal relationships,

and confidence to accomplish goals despite pain.

¢ Pain catastrophizing cognitions are extremely negative appraisals (thoughts) about pain
and its impact on one’s life now and in the future. This term includes magnification of pain

and its impact, helplessness, rumination, and beliefs about the worst-case scenarios.
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Table 1. Participant Flow

Study phase, n

Focus groups

Cognitive interviews

Large-scale
administration

Started

Completed

Not completed
Adverse event
Death
Lack of efficacy
Lost to follow-up
Physician/Investigator decision
Pregnancy
Protocol violation
Withdrawal by subject

Incomplete

28

=
(-]

o o O O O w o o o o©v

33
22
11

o o o

o & O O O N

1146
795
351
0

0

0
200
62

11
78
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Table 2. Details of Study Phases

Study phase

Focus groups

Cognitive interviews

Large-scale administration

Aim or goal

Description

Time frame

No. of participants
analyzed

Develop an item pool for
PC and PRSE that covers
all subdomains

In-person focus groups
convened to discuss PC
and PRSE and to identify
potential gaps in the
subdomains. New items
will be developed as
needed to adequately
cover all subdomains and
the entire range of the
construct continuum.

A single 1- to 2-h
focus group

19

Evaluate the items from the
patients’ perspective using
cognitive interviewing

This is a 1-time interview.
Cognitive interviews help
identify problematic items.
Participants are asked to
paraphrase the item, explain
their understanding of
important terms, and report
their level of confidence in
the answers they provide to
the questions.

A single 1-h interview

22

Conduct IRT analyses
to calibrate the item
banks

Participants respond
to candidate PC and
PRSE items.

Examine psychometric
properties of the new PC and
PRSE scores (construct
validity, known group validity,
test—retest reliability)

Participants respond to legacy
gold standard measures (ie,
PSEQ and PCS); PROMIS
Profile 29 to measure pain
interference, pain intensity,
physical function, depression,
anxiety, anger, and social
function; and PROMIS Global
to provide global physical and
mental quality of life scores.

1 survey or 2 surveys 40-80 h apart

795

Abbreviations: IRT, item response theory; PC, pain catastrophizing; PCS, Pain Catastrophizing Scale; PROMIS, Patient-Reported Outcomes Measurement
Information System; PRSE, pain-related self-efficacy; PSEQ, Pain Self-Efficacy Questionnaire.
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In addition to the definitions, the expert panel recommended the context of “How
confident are you that. . . ?” and 5-point response options (not at all, a little bit, somewhat,
quite a bit, very much) for all PRSE items. The panel preferred that no time frame be used for
PRSE (eg, in the past 7 days). For PC, the expert panel similarly preferred a 5-point response
scale (never, rarely, sometimes, often, always) and proposed the question prompt of, “In the

past 7 days, how often did you have the following thought when you were inpain?”

Last, the expert panel discussed whether or how to address the issue of pain medication
when asking about PRSE, because a person who is confident they can manage pain without
medication likely has higher PRSE than a person who manages pain with medication. The expert
panel decided to include 2 questions that specifically asked about PRSE strategies that did not
involve medication: “How confident are you that...” (1) “. .. you can do things other than
taking medication to limit the effects of pain?” and (2) “. . . you can cope with your pain without

medication?”, but they agreed not to specify with or without medication in most items.

However, because we recognize that the use of pain medication is 1 of many strategies
individuals use to manage their pain, we did not specifically ask people during focus groups and
cognitive interviews to distinguish their responses to discussions and items pertaining to PRSE

regarding pain medication use.

Focus Groups

Nineteen individuals participated in 3 focus groups and discussed both PRSE and PC.
Participants included 10 women and 9 men; 58% were White. Medical conditions reported
included low back pain, osteoarthritis of the knee, painful diabetic neuropathy, and
amputation. Additional participant demographic and clinical characteristics are summarized in
Table 3. Clinically relevant levels of PC on the PCS were reported by 16% of the sample and 11%

reported PSEQ scores that were <20, indicating low levels of pain self-efficacy.

28



Pain-related self-efficacy. Participants reviewed the proposed definition of PRSE and

identified no new PRSE subdomains. The same subdomains identified by the expert panel were

used to code the transcripts. No new codes were identified from the coding of transcripts.
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Table 3. Focus Group and Cognitive Interview Sample Demographics and Clinical

Characteristics

Focus groups (n = 19) | Cognitive interviews Overall (N =41)

(n=22)
n (%) n (%) n (%)

Sex

Female 10 (52.6) 11 (50.0) 21 (51.2)

Male 9 (47.4) 11 (50.0) 20 (48.8)
Race

American Indian or Alaska 1(5.3) 1(4.5) 2(4.9)

Native

Asian 0(0) 1(4.5) 1(2.4)

Black or African American 2 (10.5) 2(9.1) 4 (9.8)

White 11 (57.9) 15 (68.2) 26 (63.4)

>1 race 5(26.3) 1(4.5) 6 (14.6)

Unknown or not reported 0(0) 2(9.1) 2(4.9)
Ethnicity

Not Hispanic or Latino 17 (89.5) 20 (90.9) 37 (90.2)

Unknown or not reported 2 (10.5) 2(9.1) 4 (9.8)
Marital status

Married/Living with significant 7 (36.8) 6(27.3) 13 (31.7)

other

Other 12 (63.2) 14 (63.6) 26 (63.4)

Not reported 0(0) 2(9.1) 2(4.9)
Education

Some college or less 13 (68.4) 10 (45.5) 23 (56.1)

College degree or higher 6(31.6) 10 (45.5) 16 (39.0)

Not reported 0(0) 2(9.1) 2(4.9)
Age, by category

<18y 0(0) 0(0) 0(0)

18-65vy 12 (63.2) 16 (72.7) 28 (68.3)

265y 7 (36.8) 4(18.2) 11 (26.8)
Age, mean (SD), y 59.1(13.3) 59.1 (8.6) 59.5 (11.0)
Age, median, y 59.9 60.0 59.9
Annual household income, median | 13 000 (721- 24 000 (1700- 16 918 (721-
(min-max), $ 135 900) 250 000) 250 000)
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Focus groups (n = 19) | Cognitive interviews Overall (N =41)

(n=22)
n (%) n (%) n (%)
Diagnosis based on survey
information n (%) n (%) n (%)
Low back pain 13 (68.4) 13 (59.1) 26 (63.4)
Osteoarthritis of the knee 6(31.6) 7 (31.8) 13 (31.7)
Diabetes-related neuropathic 5(26.3) 4(18.2) 9(22.0)
pain
Multiple sclerosis 0(0) 2(9.1) 2(4.9)
Spinal cord injury 4(21.1) 6(27.3) 10 (24.4)
Lower limb amputation 5(26.3) 8(36.4) 13 (31.7)
Not reported 0(0) 2(9.1) 2(4.9)
Most painful condition
Low back pain 6(31.6) 7 (31.8) 13 (31.7)
Osteoarthritis of the knee 5(26.3) 0(0) 5(12.2)
Diabetes-related neuropathic 2 (10.5) 1(4.5) 3(7.3)
pain
Multiple sclerosis 0(0) 2(9.1) 2(4.9)
Spinal cord injury 4(21.1) 5(22.7) 9(22.0)
Lower limb amputation 2 (10.5) 5(22.7) 7(17.1)
Not reported 0(0) 2(9.1) 2(4.9)
Regular use of pain medication 14 (73.7) 13 (59.1) 27 (65.9)
Neuropathic pain
S-LANSS score 212, suggesting 9 (47.4) 11 (50.0) 20 (48.8)
neuropathic pain
Pain detect (neuropathic pain 5(26.3) 7 (31.8) 12 (29.3)
likely)
PROMIS neuropathic pain 53 (8.1) 55.6 (7.7) 54.7 (7.9)
quality T-score, mean (SD)
T-score 250, suggesting 13 (68.4) 15 (68.2) 28 (68.3)
neuropathic pain, No. (%)
Mean (SD) Mean (SD) Mean (SD)
Years since diagnosis 18.9 (9.3) 16.5(12.2) 17.7 (10.8)
Average pain intensity at 6.4 (1.8) 6.9 (1.4) 6.7 (1.6)
interview (0-10)
PSEQ 34.8(14.1) 28.4 (12.4) 31.6 (13.5)
PCS

Total 18.6 (12.8) 22.4(11.6) 20.5(12.2)




Focus groups (n = 19) | Cognitive interviews Overall (N =41)

(n=22)
n (%) n (%) n (%)
Rumination subscale 6.3 (4.8) 8.5(3.7) 7.4 (4.3)
Magnification subscale 4.2 (3.4) 4.8 (3.1) 4.5(3.2)
Helplessness subscale 8.1 (5.5) 9.2 (5.6) 8.6 (5.5)
PROMIS T-scores

Global mental health 43.6 (9.0) 41.1(7.6) 42.3 (8.3)
Global physical health 38.8 (8.6) 32.8 (5.4) 35.8 (7.7)
Physical function 36.3 (7.5) 31.5(5.7) 33.8(7.0)
Anxiety 57.2 (9.5) 59.2 (8.6) 58.2 (9.0)
Depression 55.1(9.9) 56.2 (10.0) 55.7 (9.9)
Fatigue 52.8 (9.6) 61.7 (8.5) 57.3 (10.0)
Sleep disturbance 51.2 (5.9) 60.0 (10.3) 55.7 (9.5)

Abbreviations: PCS, Pain Catastrophizing Scale; PROMIS, Patient-Reported Outcomes Measurement Information
System; PSEQ, Pain Self-Efficacy Questionnaire; S-LANSS, Leeds Assessment of Neuropathic Symptoms and Signs
pain scale.

Participants shared many feelings and experiences concerning their PRSE but primarily
talked about their strategies for managing pain. One participant with low back pain shared that
he could control and cope with symptoms by accepting that pain was now a part of his life: “I
had to make friends with my pain a long time ago. It was going to be there for the rest of my life
and it was going to stop me from doing things.” The same participant shared he had confidence
to accomplish goals despite pain owing to his ability to focus on all the things he can do: “[1] . ..
acknowledge what | can do, and | just keep doing what | can do, and when | have a little loss, |
notice it’s a little loss because | still have so much | can do. And I’'m not going to stop.” Another
participant with amputation shared that because of previous experiences with pain, he would
be able to handle whatever pain-related difficulties may arise: “l used to get hurt as a young
man and | learned to put one foot in front of the other.” A participant with low back pain
shared that she was able to manage the impact of pain on mood, psychological functioning, and
interpersonal relationships by generating lists that reflected positive attributes about herself.
She would list all she had been able to accomplish as a positive reminder that despite the pain,

she can still accomplish what she wants to. Last, another man with low back pain and
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osteoarthritis of the knee shared that he was able to manage the impact of pain by just getting
up and going: “No matter what, when I’'m feeling | don’t want to do it, that’s when | get up and
go more. That’s when | go do it, because | know I’'m feeling like, ‘oh, I’'m looking for excuses for

nm

some reason not to do it.”” Overall, participants talked about their PRSE in a positive manner,
with many participants sharing the psychological strategies they utilized to help themselves feel

self-efficacious about their ability to manage their pain.

Pain catastrophizing. Participants reviewed the proposed definition and suggested

no new components or changes. We coded transcripts using the subdomains of the proposed
definition: magnification of pain and its impact, helplessness, rumination, and beliefs about the
worst-case scenarios. No new subdomains were identified based on the transcripts. Contrary to
PRSE, it was difficult for participants to talk about catastrophizing because they felt
catastrophizing was unhelpful and just made it more difficult to live with chronic pain. Those
who did speak about PC shared that when they catastrophize, they often think about the worst-
case scenarios, such as that they may not be able to work or that their relationships will fall
apart because of pain. As one man with knee osteoarthritis and low back pain shared, when he
was in pain he would be mean to family and friends and, as a result, he worried about losing
them: “That’s probably the main thing | worry about, is losing everybody around you that cares
a little bit.” Others talked about sometimes magnifying pain and its impact. A man with knee
osteoarthritis shared: “[I] then think, well, I'm going to go here or do this and I’'m going to be
miserable the whole time, so | stopped going out of my house as much, and it wasn’t, | don’t
think it was based on reality.” Another participant with osteoarthritis of the knee shared: “I
think we do blow it up bigger than it should be. | wish | could be a positive person all the time,
but it’s hard when you have all that pain. There’s a lot of negative there.” Several participants
expressed helplessness in dealing with pain. “I've been through a lot of stuff in my life and this
pain is just killing me,” was a sentiment several participants shared. Another person with low
back pain opened up about feeling angry when he feels helpless: “But most of the time, I’'m just
angry that | am feeling it, angry that | can’t do the things that my peers do or that | feel like an
adult that’s in society should be able to do, and | feel like less of an adult if other people have to

help me out with things.” Rumination, a tendency to think repetitively about pain, was
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discussed by only 1 participant with a diagnosis of knee osteoarthritis and concerned her wish
to not be depressed as a result of her pain: “and then | can’t stop from getting depressed now.
If | could stop it, maybe | could feel better about myself and wouldn’t think about the pain all

the time.”

Finally, in addition to sharing their experiences with PC, participants almost uniformly
reported that the term “pain catastrophizing” has a very negative and stigmatizing connotation:
“It sounds like you’re making something up. Like you're trying to blow it out of proportion and
it doesn’t need to be.” They were worried that the catastrophizing scores would just support
health care providers’ belief that their pain wasn’t real or be used to deny treatments. As a

result, the name of the PC scale was changed to the Pain Appraisal Scale.

Overall, no new information was identified in the third focus group and saturation was

achieved for both PRSE and PC.

Cognitive Interviews

Twenty-two participants reviewed both the candidate PRSE and PC items. Eleven
women and 11 men with numerous conditions (eg, low back pain, amputation, spinal cord
injury) participated in the cognitive interviews. Their average age was 59.1 years and 77% were
White (Table 3). Clinically relevant levels of PC on the PCS were reported by 25% of the sample,

and 21% reported PSEQ scores that were <20, indicating low levels of pain self-efficacy.

Pain-related self-efficacy. We tested 48 PRSE items in cognitive interviews with
people living with chronic pain. Of the initial 48 items, 36 (75%) functioned as intended and
required no or minor revisions. In the first round of cognitive interviews, 5 items did not
function well and were dropped. We substantially revised 7 items and tested them in a second
round of cognitive interviews. We divided 1 item into 2 items, making a total of 8 items
reviewed during the second round of cognitive interviews. Of these, 7 items worked well, while
1 still had issues and was deleted. The final PRSE set contained 43 items. Figure 1 illustrates this

process. The response options worked well for all items and required no changes.
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Item clarity. For 4 items, participants observed that their response would depend on
their current level of pain. Therefore, we revised these items to indicate if participants should
think about typical pain or worst pain, as appropriate. In addition, we modified 2 items for
clarity and relevance. One item asked about maintaining relationships with a spouse or
significant other. Participants who did not have a spouse or significant other said they could not
answer. We revised that item to ask about maintaining relationships with people who are
important to the individual. Another item asked about being able to live a normal lifestyle
despite the pain. Many participants were not sure what “normal” meant; to address this, we
revised the item to “How confident are you that you can do the things you most want to do in

spite of your pain?”
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Figure 1. Schematic Depicting Cognitive Interview Process for PRSE Item Bank

Initial PRSE Candidate Items

48 items

A 4

Round 1: Initial Item Cls Items
Removed
(S participants/item)

Item
Added

€

Round 2: Substantial RevisedItems items
Removed
(3 participants/item)

A 4

Final Candidate Survey

43 items

Abbreviation: PRSE, pain-related self-efficacy.

Dropped items. Eliminated items asked about the impact of pain on cognitive function
(eg, learn new things, remember things, multitask) and social function. Participants reported
that they could not meaningfully attribute problems with cognitive function to pain. Socializing

with family was also problematic because some participants did not have family or did not care
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to socialize with their family, so we dropped this item. Additionally, we eliminated the item

“How confident are you that you can keep your pain from being the center of your life?”

because participants reported that pain was the center of their life when they were in pain, but

that it was not when they were pain free. Table 4 shows a full list of dropped PRSE items.

Table 4. Dropped PRSE and Pain Appraisal Candidate Items

PRSE item bank

Pain appraisal itembank

How confident are you that...

You can keep the pain from being the center of
your life?

You can socialize with family in spite of your
pain?

You can do several tasks at once when you are in
pain?

You can learn new skills in spite of your pain?

You can remember important things in spite of
your pain?

In the past 7 days, how often have you thought ...?

| can no longer do anything.

| see no end to my pain.

| will forever depend on my family or friends.

| will never get a good night’s sleep.

| will be depressed for the rest of my life.
This pain is awful.

No one will ever want to be around me.
Other people have to do everything for me.

There is nothing | can do about my pain.

Abbreviation: PRSE, pain-related self-efficacy.

Pain catastrophizing. Participants gave feedback on the context (“How often did you

have the following thought when you were in pain?”), response options (never to always), and

wording of the candidate items. Of the initial 40 items, 38 (95%) were problematic and required

modifications. Of the 38 items, we deleted 9 because they could not be reworded to function as

intended, 18 required minor revisions, and 11 required substantial modifications.

The revised 11 items underwent a second round of cognitive interviews. Of the 11

items, 10 worked well and 1 was deleted. The final set of PC items for large-scale administration

contained 30 items. Figure 2 demonstrates this process. Participants felt that 5 response

options were appropriate and sufficient.
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Figure 2. Schematic Depicting Cognitive Interview Process for Pain Appraisal Iltem Bank

Initial PC Candidate Items

40 items

items
Removed
(S participants/item)

Round 2: Substantial Revised Items

Removed
(3 participants/item)

Final Candidate Survey

30 items

Abbreviation: PC, pain catastrophizing.

Item clarity. Participants had difficulty separating the impact of pain on functioning
from the impact of other health issues on functioning. Some items initially asked participants to
rate how often they had a particular thought when they were in pain (eg, “I can no longer do
anything, | am a burden on my family and friends”). However, participants often answered
thinking about other health issues, not just pain. For example, for the item, “In the past 7 days,

how often did you have the following thought when you were in pain? ‘| will never get a good
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night’s sleep,”” participants were actually answering the question, “Do you have trouble
sleeping?” rather than the intended question. To avoid this issue, we added “Because of my

pain” to items.

Dropped items. Participants could not meaningfully answer some items. For instance,
the item, “I will forever depend on my family or friends,” was intended to describe a worst-case
scenario. Instead, some participants felt they would always rely on their friends and family to a
certain degree, regardless of pain, and others truly did need to have others do things for them
because of other chronic conditions so the statement was literally true and not an endorsement

of a worst-case scenario. Table 4 shows a full list of deleted items.
Large-Scale Cross-sectional Study Results

Participant Characteristics

We invited a total of 4982 individuals to participate and screened 3592 for eligibility. Of
these, we presented 1146 eligible and interested participants with the survey, and 982
completed it. After attempting to rescreen panel company participants and reviewing
completed surveys, we dropped 187 records (eg, unable to contact participant for rescreen,
self-reported most or all the eligible health conditions, inconsistent responses to identical
screening and survey questions). The final calibration sample included 795 individuals with
chronic pain, with n = 206 completing the candidate item banks again 40 to 80 hours later (see
Figure 3 for flow diagram). The sample was mostly female (64.4%), White non-Hispanic (79.9%),
and an average age of 55.1 years old (SD, 16.8 years). A total of 18.6% participants (n = 148)
completed the paper version of the survey and the remaining completed the online survey.
Online survey participants were younger, tended to be female, were married or living with their

significant other, and had a college degree or higher (all P < .05).

Table 5 shows additional participant characteristics and mean scores on legacy and
validity measures. Twenty-two percent of the sample reported clinically relevant levels of PC on
the PCS and 19% of the sample reported PSEQ scores that were <20, indicating low levels of

pain self-efficacy.
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Figure 3. Patient Flow Diagram

Invited to study (n=4982)

e Recruited by panel company (n=2498)
e Recrited by other source (n=2484)

v

Not screened (n=1390)

e Invtation sent only, no response (n=696)
e Unable to contact (n=479)

e Declined (n=191)

e Deceased (n=24)

Screened for eligibility (n=3592)

e Panel company (n=2498)
e Other (n=1094)

v

e Panel company (n=355)
e Other (n=791)

Enrolled and presented with survey (n=1146)

Completed survey (n=982)

e Panel company (n=278)
e Other (n=704)

\ 4

Did not participate (n=2446)

e Ineligible (n=1296)
o No eligible conditions (n=653)
o No ongoing pain (n=289)
o Pain <6 months (n=210)
o Pain rating <3 (n=135)
o No English (n=5)
o Unknown (n=4)
e Eligible, but did not fulfill open
demographic target (n=693)
e Did not agree to provide contact
information (panel company participants
only; n=457)

Did not complete survey (n=164)

e No show and/or unable to contact (n=78)
e Suney started, but incomplete (n=78)
e Withdrew (n=8)

Survey included in final dataset (n=795)

Panel company (n=91)
Other (n=704)

of 795)

e Invited to compiete Retest survey (n=286

Excluded from dataset (n=187)

e Unable to contact for phone screen
(panel company participants only; n=122)

e Responses invalid (n=62)

e Declined phone screen (panel company
participants only; n=3)

Completed retest survey 40-80 hours after
first survey (n=206)

\ 4

Retest not completed or excluded
from analyses (n=80)

e No show/Unable to contact (n=66)
o Completed retest outside of 40-80
hour window (n=14)
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Table 5. Calibration Sample Demographics and Clinical Characteristics (N = 795)

Variable

Values

Age (n = 791), mean (SD), range, y
Age, median, y
Age, category, No. (%)
<18y
18-65y
265y
Sex, No. (%)
Male
Female
Race (n = 778), No. (%)
Caucasian
African American
Native American/Alaskan Native
Asian
Native Hawaiian/Pacific Islander
>1 race
Ethnicity (n =784), No. (%)
Hispanic
Non-Hispanic
Education (n = 787), No. (%)
Some high school
High school graduate or GED
Some college/AA
College degree (BS/BA)
Advanced degree
Pain-related diagnosis (n = 788)
Low back pain, No. (%)

Osteoarthritis of the knee, No. (%)

55.1(16.8), 19-99
57.6

0 (0%)
555 (70.1%)
236 (29.8%)

283 (35.6%)
512 (64.4%)

668 (85.9%)
66 (8.5%)

4 (0.5%)

4 (0.5%)

4 (0.5%)

32 (4.1%)

55 (7.0%)
729 (93.0%)

42 (5.3%)

134 (17.0%)
296 (37.6%)
207 (26.3%)
108 (13.7%)

363 (46.1%)
60 (7.6%)
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Variable

Values

Diabetes-related neuropathic pain, No. (%)
Multiple sclerosis, No. (%)

Spinal cord injury, No. (%)

Lower limb amputation, No. (%)

Average pain intensity at interview (n = 790; possible
range: 0-10), mean (SD), range

Pain Self-Efficacy Questionnaire (n = 786; 0-60), mean
(SD), range

Pain Catastrophizing Scale (n = 789)
Total (0-52), mean (SD), range
Variable
Rumination subscale (0-16)
Magnification subscale (0-12)

Helplessness subscale (0-24)

PROMIS T-scores (range n = 786-789), mean (SD), range

Global mental health (21.2-67.6)
Global physical health (16.2-67.7)
Physical function (22.9-56.9)
Anxiety (40.3-81.6)

Depression (41.0-79.4)

Fatigue (33.7-75.8)

Sleep disturbance (32.0-73.3)

Ability to participate in social roles and
activities (27.5-64.2)

Pain interference (41.0-78.3)

Neuropathic pain quality (37.0-74.0)

37 (4.7%)

172 (21.8%)
114 (14.5%)
42 (5.3%)

5.8 (1.9), 1-10

32.2 (14.7), 0-60

19.4 (12.8), 0-52

7.4 (4.4),0-16
3.8(3.1), 0-12
8.1(6.1), 0-24

43.9(9.9), 21.2-67.6
37.2(7.1), 16.2-61.9
35.4 (6.5), 22.9-56.9
55.3 (10.0), 40.3-81.6
54.7 (10.6), 41.0-79.4
59.1(9.1), 33.7-75.8
55.8 (8.7), 32.0-73.3
43.9 (7.8), 27.5-64.2

61.2 (6.7), 41.0-78.3
52.9 (8.5), 37.0-74.0

Abbreviations: AA, Associate of Arts; BA, Bachelor of Arts; BS, Bachelor of Science; GED, general educational
development.



Missing Data

For the PRSE candidate bank, the level of missing data ranged from 1 missing response
(ie, n = 794 participants responded to an item instead of 795) to 24 missing responses (for
prsel3, n = 771 responded to “You can/could have a pleasurable sex life in spite of your
pain?”); most questions in the bank (n = 31 items) contained only 2 missing responses. Two
other items contained a higher number of records with missing data (prse22 with 21 missing
responses: “You can/could have a satisfying sexual relationship in spite of your pain?” and
prsed2 with 20 missing responses: “You can/could participate in sexual activity in spite of your
pain?”). This pattern of missingness is typical, because items that relate to specific topics that
do not apply to all individuals (eg, people who are not sexually active cannot meaningfully
answer questions related to this topic, people who don’t work outside the home can’t answer
guestions related to employment, people who don’t have children cannot provide meaningful
responses to questions about children) always have more missing data than items that apply to
all. Following best practices, the “not applicable” option was not offered and respondents were
instructed to skip the item if they could not provide a meaningful answer. Providing a not
applicable response resulted in missing data and the distinction was usually irrelevant to
instrument development. For the PC candidate bank, the level of missing data ranged from 2
missing responses (n = 793 for 4 items) to 10 missing responses (n = 785 for 6 items); almost
half the items in the candidate bank (n = 14 items) were missing 9 responses (n = 786
responded to the items). Seven participants accounted for most of the missing data, as they

were mistakenly sent a paper survey with an old version of the PC item bank.
Pain-Related Self-efficacy

Final Item Bank Confirmation

The final item bank contained 29 items. Initial CFA and IRT analyses identified 14 items
that needed to be removed because of local dependence, model misfit, or both. Once all 14
items were removed, CFA indexes supported a unidimensional model (CFl = 0.92). No items had
residual correlations greater than 0.2. The remaining 29 items were fit to a graded-response IRT

model with no items displaying significant misfit (all S-x> P > .01). DIF analyses found that no
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items displayed DIF by age, gender, or education using either the R? statistic <0.13 or 5%
change in B criterion. Final item bank parameter estimate slopes ranged from 1.4 to 3.1 and
thresholds ranged from —3.34 to 2.40 (see Table 6). We generated participant final scores using
item parameters from the final 29-item bank. We then converted the scores to a T-score metric

so that the sample mean is 50 with an SD of 10.

Short Form Selection

To create a static short form for paper-and-pencil administration, we identified 6 items
from the final item bank. Table 7 shows the 6 items chosen for the short form. We chose items
that represented at least 1 of the identified domain areas of PRSE: control/tolerance of/cope
with symptoms, ability to manage the impact of pain on mood and psychological functioning
and interpersonal relationships, and confidence to accomplish goals despite pain. The
correlation between the 6-item short form and the full item bank was 0.97 (see Appendix A for
sum score to T-score conversions). We also generated a 2-item short form that includes 1 item
pertaining to participation in daily activities (prse21) and another pertaining to management of
pain during daily activities (prse23). The correlation between the 2-item short form and the full

item bank was 0.90.
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Table 6. PRSE Scale Items and Corresponding Item Response Theory—-Based Iltem Parameters?

Discrimin Difficulty

ItemID Item stem ation bl b2 b3 b4

prse03  You can maintain your personal hygiene in 1.6 -3.34 -197 -0.92 0.45
spite of your pain?

prse06  You can get necessary work done in spite of 2.37 -1.8 -0.73 0.45 1.64
your TYPICAL pain (if you don’t work outside
of home consider household work or unpaid
work)?,

prse23  You can manage your pain during your daily 2.5 -2.06 -0.85 0.3 1.8
activities?”

prse07  You can do something to help yourself feel 1.69 -2.19 -0.84 0.47 2
better when you are in pain?

prse20  You can take part in relaxing social activities 2.61 -2.01 -1.01 -0.13 1.02
(such as eating with others or visiting over
coffee) in spite of your TYPICAL pain?

prsell  You can keep your pain from interfering with  3.16 -1.38 -0.6 0.37 1.37
your social life?

prsel2  You can do many of the things you enjoy 291 -1.44 -0.47 0.49 1.63
doing, such as hobbies or leisure activities, in
spite of your pain?

prsel5  You can keep your pain from interfering with  2.75 -1.31 -0.4 0.66 1.97
the things you want to do?

prsel7  You can keep your pain from interfering with 2.5 -1.89 -093 -0.02 1.18
family relationships?

prse09  You can do some form of work in spite of your 2.17 -1.79 -0.48 0.44 1.7
pain(work includes housework, paid and
unpaid work)?

prse2l  You can do most of your daily activities in 3.02 -1.83 -0.58 0.32 142
spite of your pain?®

prsed9  You can get necessary work done in spite of 2.04 -0.95 -0.04 0.97 2.15
your WORST pain (if you don’t work outside of
home, consider household work or unpaid
work)?

prse24  You can accomplish most of your goals in life  2.93 -1.21 -0.44 0.41 1.62
in spite of your pain?

prse26  You can go shopping for groceries or clothes in | 2.15 -1.88 -0.77 0.23 1.33

spite of your pain?
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Difficulty

Discrimin

ItemID Item stem ation bl b2 b3 b4

prse29  You can cope with your pain in most 2.43 -2.35 -1.16 -0.04 1.37
situations?

prse31  You can exercise daily in spite of your pain? 1.98 -1.14 0.03 1.06 | 2.05

prse32  You can keep your pain from interfering with 1.7 -2.05 -1.1 -0.3 0.84
managing financial affairs?

prse33  You can maintain an active lifestyle in spite of | 2.78 -1.04 -0.19 0.7 1.76
your pain?

prse34  You can be in a good mood in spite of your 2.02 -2.43 -1.25 -0.01 1.36
pain?

prse35  You can successfully plan activities or events 2.6 -1.47 -0.63 0.37 1.56
when you’re in pain?

prse36  You can get a good night’s sleep in spite of 1.6 -1.02 -0.02 1.11 237
your pain?

prse37  You can do the things you most want todoin | 2.95 -1.24 -0.36 0.62 1.79
spite of your pain?

prse39  You can maintain your physical appearance in  2.14 -2.12 -1.11 -0.02 1.06
spite of your pain?

prsed0  You can socialize with friends in spite of your | 3.02 -1.86 —-0.82 0.05 1.03
pain?

prse44  You can minimize the effects of your pain on 2.54 -1.53 -0.52 0.62 1.88
what you want to do?

prsed5  You can cope with your pain without 1.2 -0.88 0.05 1.12 2.5
medication?

prse46  You can maintain your oral health in spite of 1.43 -3.3 -1.84 -0.9 0.28
your pain?

prse47  You can have a fulfilling life in spite of your 2.68 -1.67 -0.92 -0.02 1.01
pain?

prse48  You can deal with the irritability your pain may 2.08 -2 -0.84 0.36 1.71

cause you?

Abbreviations: ID, identifier; PRSE/prse, pain-related self-efficacy.

2ltems in bold are included on the 6-item short form. All items have the following context: “How confident are you
that. .. ?” All items have the response set: 1 = not at all, 2 = a little bit, 3 = somewhat, 4 = quite a bit, 5 = very much.

The discrimination parameter and the difficulty parameter thresholds are provided by IRT analyses and used for
administration by computerized adaptive testing, development of custom short forms, or scoring of custom short
forms using IRT software.
Bltems included on the 2-item short form. The 2-item short form is also recommended for inclusion at the end of
the PAS 6-item short form to address issues of stigma relating to the PAS.
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Table 7. PAS Items and Corresponding Item Response Theory—-Based Item Parameters?

Discrimin Difficulty

ItemID Item stem ation bl b2 b3 b4

pas01 Because of my pain, | am a burden on my 1.74 -1.02 -0.07 1.11 2.24
family or friends.

pas04 Because of my pain, | can’t go on. 2.29 0.08 091 1.79 296

pas05 | can’t stand my pain anymore. 2.24 -0.61 0.13 1 1.94

pasll | will never be able to take care of my most 2.02 -0.26 0.62 1.67 2.63
basic needs because of my pain.

pasl2 Because of my pain, | will never be happy 3.36 -0.04 0.61 1.4 2.13
again.

pasl4d | will never be able to do many of the things|  2.38 -1.03 -0.19 0.89 1.78
enjoy because of my pain.

pasl6 Because of my pain, | will be in a bad mood for 2.67 —-0.08 0.65 1.6 2.36
the rest of my life.

pasl?7 Because of my pain, | will be unhappy for the | 3.26 -0.05 0.58 134 217
rest of my life.

pasl8 My pain is terrible. 2.17 -1.61 -0.7 0.37 1.67

pas19 My pain overwhelms me. 2.61 -1.07 -0.22 0.8 1.9

pas21 Because of my pain, my life is over. 4.09 0.42 1.02 1.64 247

pas22 Because of my pain, my life is terrible. 3.87 -0.07 0.56 1.28 2.09

pas23 My life will only get worse because of my 3.39 -0.3 0.37 1.14 2.03
pain.

pas24 My pain is more than | can manage.” 3.1 -0.48 0.22 1.15 2.02

pas26 My pain will get worse. 2.44 -1.16 -0.31 0.72 1.65

pas30 Because of my pain, something really bad is 2.28 0.04 0.78 1.69 2.52
going to happen to me.

pas31 My pain means something is seriously wrong 191 -0.69 0.12 1.09 1.93
with me.

pas32 My pain will become even more intense and 1.98 -1.4 05 0.62 1.71
hurtful in the coming years.

pas34 My pain will never end. 2.03 -1.19 -0.41 0.45 1.27

pas36 Did you keep thinking about how much it 1.65 -2.29 -0.8 0.77 2.02

hurts?®
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Difficulty

Discrimin
ItemID Item stem ation bl b2 b3 b4
pas38 Did you have trouble thinking of anything 1.73 -1.54 -0.14 1.29 2.55
other than your pain?
pas40 Could you only focus on how bad your pain 1.98 -1.35 -0.04 1.25 2.51
feels?
pas44 Did your pain completely fill up your mind? 2.25 -0.86 0.11 1.2 2.33
pas45 Did you desperately want your pain to go 1.47 -2.29 -1.18 -0.06 0.87
away?

Abbreviations: ID, identifier; PAS/pas, Pain Appraisal Scale.

2ltems in bold represent 6-item short form recommendations. Items pas1 to pas34 have the following item
context: “In the past 7 days, how often did you have the following thought when you were in pain?” Items pas36 to
pas45 have the context: “In the past 7 days, how often. .. ?” All items have the response set: 1 = never, 2 =rarely, 3
= sometimes, 4 = often, 5 = always. The discrimination parameter and the difficulty parameter thresholds are
provided by IRT analyses and used for administration by computerized adaptive testing, development of custom
short forms, or scoring of custom short forms using IRT software.

bltems with * represent recommendations for the 2-item short form. The 2-item PRSE short form is also
recommended for inclusion at the end of the PAS 6-item short form to address issues of stigma.

Reliability

Within the 40- to 80-hour period, 206 participants completed the second survey for
test—retest reliability analyses. Test—retest reliability was high for the full item bank (ICC[2,1] =
0.95 [95% Cl, 0.93-0.96]) and the 6-item short form (ICC[2,1] = 0.92 [95% Cl, 0.90-0.94]). The 2-
item short form (ICC[2,1] = 0.86 [95% ClI, 0.81-0.87]) demonstrated acceptable test-retest
reliability. Reliability was also evaluated by examining the range of scores for which the scales
information function was above either 5 or 10 points. For the full bank, reliability was high
(information >10) between 21 and 77 and acceptable for group comparisons (information >5)
between 20 and 80. Similarly, for the 6-item short form, reliability was high (information >10)
between 34 and 68 (see Figures 4 and 5) and acceptable (information >5) for group
comparisons between 26 and 73 on the T-score metric (see Figure 5). Reliability of the 2-item
short form never reached acceptable levels for individual comparisons; group comparisons
(information >5) were reliable between 50 and 54 on the T-score metric. The percentage of
participants measured with reliability greater than 0.9 (information >10) was 99.0% for the full
bank and 93.3% for the 6-item short form. Similarly, the percentage of those measured with

reliability greater than 0.8 (information >5) was 100% and 98% for the full bank and short form,
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respectively. The percentage of those measured with reliability >0.8 (information >5) was 18%

for the 2-item short form.

Validity

All correlations with identified measures were in the hypothesized direction and
magnitude supporting construct validity of the PRSE. PRSE correlation with the legacy PSEQ

scale was 0.87. Correlations between the PRSE and PROMIS measures included depression (—

0.58), anxiety (—0.55), and pain interference (—0.77). Known groups validity was also supported,

as scores between individuals with mild, moderate, and severe pain differed significantly at the

P < .05 level, (F[2786] = 93.4; P < .0001). Using a Bonferroni multiple-comparisons post hoc test,

all group scores differed significantly (P < .01) from one another; mild (mean, 55.7; SD, 8.2),

moderate (mean, 51.0; SD, 8.4), and severe (mean, 45.0; SD, 9.9). However, PRSE scores did not

differ significantly at the P < .05 level between men (mean, 50.6; SD, 9.9) and women (mean,

49.7; SD, 9.8; t[793] = 1.36; P = .18).

Figure 4. Information, Reliability, and Histogram of Participant PRSE Scores on T Scale Metric
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Figure Explanation
Information is equivalent to

reliability. Information of 10 is
equivalent to reliability of 0.9.
The information functions plotted
on the graph show the precision
of measurement of the full item
bank or 6 item short form.

The precision varies for different
levels of pain-related self-efficacy
and is sufficient for individual
comparisons (information>10) for
the full bank between 21 and 77,
and 34 and 68 for the 6 item
short form. Similarly group
comparisons (information>5) can
be made between 20 and 80 for
the full bank and 26 and 73 for
the short form.

The bars at the bottom represent
the frequency distribution of pain-
related self-efficacy scores in the
sample of people with chronic
pain.

Abbreviations: PRSE, pain-related self-efficacy; SF, short form.
The histogram shows the frequency of participant PRSE scores on the T-score metric. The full item bank and 6-item
short form lines show score reliability across the continuum of PRSE T-scores for both classical and IRT frameworks.
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Figure 5. Reliability of Full Bank, 6-ltem Short Form, and 2-ltem Short Form PRSE Scores Along
the T-Scale Metric

1.
1
e IR S I N
-7 N
0 - AN
/ \
/ \
/ \
/ \
0.
0.
0.
0
20 30 40 50 60 70 80
Full 2 6

Abbreviation: PRSE, pain-related self-efficacy.

Scores above 0.9 are considered reliable enough for individual comparisons, as are those above 0.8 for group
comparisons. A T-score of 50 is the mean of the calibration sample. For the full bank, reliability was 0.9 or higher
between 21 and 77 and 0.8 or higher between 20 and 80. Similarly, for the 6-item short form, reliability was 0.9 or
higher between 34 and 68 and 0.8 or higher between 26 and 73 on the T-score metric. Reliability of the 2-item
short form was 0.8 or greater between 50 and 54 on the T-score metric, and it did not reach 0.9 for any score.

Pain Appraisal Scale

Final Item Bank Confirmation

After completing the initial CFA and IRT analyses, we removed 6 items owing to
problems with local dependence, misfit to the IRT model, or both. These items focused on a
variety of subtopics, including helplessness, belief in worst case, magnification of impact, and

rumination, with no single subtopic being eliminated from the bank. After we eliminated the 6

50



items, CFA indexes supported unidimensionality of the model (CFl = 0.94) and no items
displayed residual correlations greater than 0.2. The graded-response IRT model was fit on the
remaining 24 items and no items displayed significant misfit (all S-x> P > .01). Subsequent DIF
analyses on the 24 items found that 1 item (pas11: “l will never be able to take care of my most
basic needs because of my pain”) displayed DIF by age when using the 5% change in B
coefficients®? criterion. No other items displayed DIF by age, gender, or education using either
the R? statistic <0.13 or 5% change in B criterion. Subsequent analyses indicated that the impact
of the DIF from item pas11 on PAS score was very small, with mean score differences of less
than 0.005 (SD, 0.005) on the T-score metric when comparing scores adjusted for DIF and not.
Thus, we retained item pas11 despite the statistically significant DIF observed. Final item bank
parameter estimates had slopes that ranged from 1.5 to 4.1 and thresholds that ranged from —
2.29 to 2.96 (see Table 7). Final scores for participants were generated using item parameters
from the final 24-item bank and were converted to the T-score metric (see Appendix B for sum

score to T-score conversions).

Short Form Selection

Once we generated final item parameters, we chose 6 items to create a fixed-length
short form. We chose at least 1 item to relate to each of the 4 components of magnification of
pain and its impact, helplessness, rumination, and beliefs about the worst-case scenarios. Table
7 delineates the 6 items we chose for the short form. We also identified a 2-item short form; it
includes 1 item each that relates to helplessness (pas24) and rumination (pas36). Correlations
between PAS scores based on the full item bank and the 6-item and 2-item short forms were

0.997 and 0.714, respectively.

Reliability

The test—retest reliability was high for the full bank (ICC[2,1] = 0.93 [95% Cl, 0.89-0.96]),
the 6-item short form (ICC[2,1] = 0.91 [95% ClI, 0.87-0.93]), and the 2-item short form (ICC[2,1] =
0.85 [95% Cl, 0.79-0.89]). For the full bank, reliability was high (information >10) between 31

and 80 on the T-score metric and acceptable for group comparisons (information >5) between
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25 and 80. Similarly, for the 6-item short form, reliability was high between 44 and 74 and
acceptable for group comparisons between 40 and 78 on the T-score metric (see Figures 6 and
7). Reliability of the 2-item short form never reached acceptable levels for either group or
individual comparisons (see Figure 7). The percentage of participants measured with reliability
greater than 0.9 was 97.5% for the full bank and 70.3% for the 6-item short form. Similarly, the
percentage of those measured with reliability greater than 0.8 was 99.2% and 85.6% for the full

bank and short form, respectively.

Validity

Construct validity of the scale was supported as all correlations with identified measures
were in the magnitude and direction hypothesized. Correlations between full bank PAS scores
and the legacy PCS scale and subscales were 0.83 for the PCS total score, 0.73 for PCS
rumination, 0.75 for PCS magnification, and 0.83 for PCS helplessness. Correlations between full
bank PAS scores and PROMIS depression, anxiety, and pain interference scores were 0.74, 0.72,
and 0.72, respectively. Known groups validity was also supported, as full bank PAS scores
between individuals with mild, moderate, or severe pain intensity levels were significantly
different at the P < .05 level (F[2,786] = 139.3; P < .0001). Post hoc comparisons using the
Bonferroni multiple-comparisons test indicated the mild group (mean, 43.3; SD, 7.4) was
significantly different (P < .01) than both the moderate (mean, 49.1; SD, 8.0) and severe (mean,
55.9; SD, 9.5) groups, and the moderate and severe groups were also significantly different (P <
.01). However, comparisons by gender did not follow the hypothesized pattern, as mean PAS
scores between men (mean, 49.96; SD, 9.6) and women (mean, 50.01; SD, 9.9) were not

significantly different (t[792] = —0.07; P = .94).
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DISCUSSION

Study Results in Context

The patient advisors, expert panel, and participants in the focus groups and cognitive

interviews all made important contributions to the development of the PRSE and PC item

banks. Expert panel members generated definitions, including subdomains for each construct,

and selected the format of the items. Focus group discussions of PRSE primarily centered on the

strategies participants use to deal with chronic pain, and most participants were reluctant to

discuss catastrophizing because they felt it is not helpful to them.

Figure 6. Information, Reliability, and Histogram of Participant PAS Scores on the T-Scale

Metric
50 — Full Bank Figure Explanation
Information is equivalent to
reliability. Information of 10 is
40 " equivalent to reliability of 0.9.
g The information functions plotted
ﬁ 30 | on the graph show the precision
e of measurement of the full item
S bank or 6 item short form.
£ 20 - 6 ltem SF The precision varies for different
levels of pain catastrophizing and
il B G P A" is sufficient for individual
10 / comparisons (information>10) for

3
Info = 5 = 0.8 reliabilty

10 20 30 40 50 60 70

Pain Appraisal T-score

80

90

the full bank between 31 and 80,
and 44 and 74 for the 6 item
short form. Similarly group
comparisons (information>5) can
be made between 25 and 80 for
the full bank and 40 and 78 for
the short form.

The bars at the bottom represent
the frequency distribution of
catastrophizing scores in the
sample of people with chronic
pain.

Abbreviations: PAS, Pain Appraisal Scale; SF, short form.

Histogram shows the frequency of participant PAS scores on the T-score metric. The full item bank and 6-item short
form lines show score reliability across the continuum of PAS T-scores for both classical and IRT frameworks.
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Figure 7. Reliability of Full Bank, 6-tem SF, and 2-Item SF PAS Scores Along the T-Scale Metric

Full Bank
0.2 6 Item SF
— 2 ItemSF
0.1
20 25 30 35 40 45 50 55 60 65 70 75 80

T-score

Abbreviations: PAS, Pain Appraisal Scale; SF, short form.
Scores above 0.9 are considered reliable enough for individual comparisons, as are those above 0.8 for group
comparisons. A T-score of 50 is the mean of the calibration sample. For the full bank, reliability was 0.9 or higher
between 31 and 80 and 0.8 or higher between 25 and 80. Similarly, for the 6-item short form, reliability was 0.9 or
higher between 44 and 74 and 0.8 or higher between 40 and 78 on the T-score metric. Reliability of the 2-item
short form never reached acceptable levels for either group or individual comparisons.

It is possible that those who agree to participate in focus groups have found a way to
live well despite their chronic pain and are unlikely to be high on PC. Cognitive interviews
substantially improved the quality of both the PRSE and PC items and resulted in numerous

modifications, especially for PC.

Finally, the term “pain catastrophizing” was considered a very negative term by both the
patient advisors and focus group participants, and the use of the scores in clinical care
worrisome. As a result, we changed the name of the scale to “Pain Appraisal Scale.” While

changing the name does not address worries about how physicians would use the score, it is a
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first step toward a less negative perception by both health care providers and patients. We also
developed guidance, with feedback from individuals with chronic pain, on ways to utilize the

scale for clinical decision making in ways that minimize stigma.

The instruments developed make an important scientific contribution. The rigorous
methodology resulted in instruments with excellent psychometric properties and added the
convenient and brief options for administration, such as the short forms and the ability to
administer by computerized adaptive testing to lower respondent burden (eg, 6 items for the
PAS short form versus 13 for the legacy PCS and 6 items for the PRSE short form versus 10 for
the PSEQ). The convenience and flexibility in conjunction with sound psychometric properties
increase the likelihood that these constructs will be measured in routine clinical care, leading to

better treatment outcomes for patients.

Uptake of Study Results

The study resulted in 2 new instruments that offer a psychometrically sound, patient-
centered, flexible, dynamic, and convenient way of measuring clinically relevant aspects of
chronic pain. The instruments can be (and have been) readily incorporated into research
studies where contributions of PC and PRSE to treatment outcomes can be examined. Clinicians
and researchers will be able to use the instruments to compare patient scores to normative
values; to increase understanding of the patients’ perspectives and provide some guidance to
interactions that make use of patients’ responses to questions characterizing these important
constructs; to track changes over time, which will help clinicians determine if treatments that
target these domains are effective; and to use initial assessments for better patient—treatment
matching (eg, patients with high catastrophizing can be matched to treatments that effectively
target catastrophizing). To be incorporated into clinical practice, the scores will need to be
validated and actionable cutoffs developed and examined. For now, we have incorporated
items from the PAS into the clinical battery administered to all patients considered for spine
fusion. Based on previous research, we are using a difference of a half SD as a clinical cutoff and

will examine its utility once more data are collected.’®
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Study Limitations

The study could not include people with all types of painful conditions. It is possible that
if people with different conditions not well represented in our samples (eg, trigeminal
neuralgia, carpal tunnel disease, cancer-related pain) were included, they would have provided
different perspectives. As is true in most research studies, people who agree to participate in
research are likely different from those who do not participate. Especially relevant in this
context is that people with moderate-to-high depressive symptoms are less likely to participate
in research’” and PC is associated with depression.”® The focus group sample involved did not
include a sufficient number of participants at the high end of PC, limiting the usefulness of
feedback related to catastrophizing. Future research may benefit from including in focus groups
and cognitive interviews feedback by people living with chronic pain whose scores on PC are
moderate to severe. Similarly, this study included relatively few people from minority
backgrounds, people with low levels of education, or young adults (due to much higher
prevalence of chronic pain in older people). Consequently, the validity of the measures in
samples with very high levels of minority participants, younger age, or low education levels

needs to be examined.

The measures we developed can be readily used for epidemiological and research
studies to examine predictors and correlates of important health outcomes. The instruments
developed will inform clinical practice after additional needed work to validate the scores and
develop clinically actionable cutoffs. Unfortunately, the project period and level of funding did
not allow for this important step in instrument development. In clinical practice, once the
clinically meaningful cutoffs are established, health care providers will be able to identify
patients who are too high on PC and/or too low on self-efficacy and refer them for treatment,
especially before more invasive treatments (such as operations) that often do not result in

desirable improvements in the presence of maladaptive coping strategies, such as PC.

Future Research
The rigorous methodology used in this study to develop the 2 item banks provides initial

evidence of validity, but 1 study is never sufficient—it is important to conduct more extensive
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validation studies, especially in different samples and patient populations. The instruments are
generalizable to all people living with chronic pain, as patients with many different types of
chronic pain were included in the development of the measures. Perspectives of caregivers of
people with chronic pain on both catastrophizing and self-efficacy domains may also be
informative and important for better understanding these constructs. Developing parallel
instruments for caregivers would be a useful direction for future research. While the
developers took considerable care to reduce the potential stigma related to the interpretation
of PC, a study of clinicians’ understanding of the PAS scores and of the guidance provided

would be useful to make sure that the guidance provided is effective.

In addition, this study funded measure development, but the funding level and duration
of the project was not sufficient to estimate clinically meaningful cutoffs; that is, what score
suggests that patients should be referred for further evaluation or treatment to reduce PC or
improve pain self-efficacy? Various studies have shown that there are effective interventions to
target catastrophizing and self-efficacy in managing pain.”> If the cutoff is too low, the
patients who do not need additional treatment will be referred for intervention. If the cutoff is
too high, the patients who need the intervention will not receive it, potentially resulting in
worse outcomes in the long run. This requires a study of the scores that were collected in the
context of expected change (eg, an intervention aimed at reducing PC or increasing PRSE) so
that the difference between the scores of those who report better health outcomes and those
who report no change or worse health outcomes could be examined. Until this work is
completed, a half SD (ie, 5 points)’®8! can be used as an estimate of clinically important change.
Another important step in measure development is to evaluate the equivalence between paper
and electronic modes of administration. Because of time, sample size, and budget limitations,
we could not measure this equivalence in the current project, but a considerable amount of
work has compared scores from different modes of administration,®?* and it is reasonable to
assume that the different modes of administration would provide similar scores. Future
research may be useful to provide evidence for or against this assumption, facilitate
interpretability of scores, and maximize the clinical utility of the measures. Finally, contextual

factors can influence an individual’s cognitive and behavioral responses to pain. That is, for
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some, their responses are more trait-like (they generally respond this way across contexts), and
for others, their responses are more state-like (they are responding in a way that is situationally
or contextually specific). Research to evaluate the factors that influence the domains assessed
here requires longitudinal studies that assess both the domains and contextual factors of
interest that change over time. This would be an important future direction of this research

program.
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CONCLUSIONS

New PRSE and pain appraisal item banks provide psychometrically sound and precise

scores and are freely available to be administered by computerized adaptive testing or by short
forms. The flexible administration options of these IRT-based instruments reduce respondent
burden, increase the likelihood that these constructs will be measured in routine clinical care,
and facilitate future research, including comparative effectiveness studies for management or
treatment of chronic pain. Following patient recommendations that the term “pain
catastrophizing” not be used, we changed the name of the measure to the Pain Appraisal Scale
and provided guidance to clinicians on how to interpret the scores in ways that make
stigmatizing individuals with chronic pain less likely. The short form and the full item bank, as
well as the scoring instructions, will be available publicly and free of charge at

uwcorr.washington.edu.
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APPENDICES

Appendix A. Sum Score to T-Score Conversion for PRSE Full Item Bank and 6-ltem
Short Form

PRSE Full Item Bank

Sum Score T-score
6 24.5
7 28.5
8 31.3
9 33.8
10 35.9
11 37.8
12 39.6
13 41.4
14 43
15 44.7
16 46.3
17 47.9
18 49.5
19 51.1
20 52.8
21 54.5
22 56.2
23 57.9
24 59.7
25 61.6
26 63.6
27 65.8
28 68.2
29 71.1
30 74.7

PRSE six-item shortform

Sum Score T-score
2 28.4
3 34.7
4 39.5
5 44.1
6 48.4
7 52.7
8 57.5
9 62.7 68
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Appendix B. Sum Score to T-Score Conversion for PAS Full Item Bank and 6-Item
Short Form

PAS Full Item Bank

Sum Score T-score
6 30.8
7 353
8 38.7
9 41.6
10 44.1
11 46.2
12 48.1
13 49.7
14 51.2
15 52.6
16 54
17 55.4
18 56.8
19 58.2
20 59.6
21 61.1
22 62.5
23 64
24 65.5
25 67
26 68.7
27 70.5
28 72.5
29 74.9
30 78.1
PAS six-item short form

Sum Score T-score
2 34.49
3 39.43
4 44.37
5 49.18
6 53.38
7 57.25
8 61.16
9 65.56

10 71.37
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