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ABSTRACT
Background: The Patient-Reported Outcomes Measurement Information System (PROMIS) has
not been widely used in clinical practice settings. When we submitted our application, the
content validity of PROMIS short forms (ie, static paper questionnaires of fixed length) had not
been evaluated in many patients with specific diseases. The expected change in PROMIS scores
between clinic visits was unknown. There was little guidance about what was meant when
patients reported mild, moderate, and severe symptoms, and how much change would be
judged as meaningful from the perspective of patients and providers. In this project we sought
to address these gaps in patients with rheumatoid arthritis (RA).
Objectives: Our overall goal was to use several standardized methods to help aid in
interpretation of PROMIS scores in people with RA. Our study had 3 interlocking aims:
1. Evaluate the relevance, comprehension, and comprehensibility of items on a set of PROMIS
short forms in people with RA (content validation).
2. Estimate minimally important differences (MIDs) in PROMIS scores (observational cohort).
3. Seek consensus among patients and providers on how much change reflects meaningful
improvement or worsening of specific symptoms (bookmarking activity).
Methods: For aim 1 we administered surveys to RA patients recruited from an internet-based
patient community (n = 200) and people seen in clinic (n = 52) to evaluate whether the
questions asked on PROMIS short forms were relevant to people with RA. We also conducted
one-on-one interviews with RA patients (n = 32) recruited from 3 academic medical center
clinics (Johns Hopkins, Baltimore, Maryland; Hospital for Special Surgery, New York, New York;
and University of Alabama, Birmingham) to evaluate questionnaire content for comprehension
and comprehensiveness using cognitive debriefing of selected PROMIS short forms.
For aim 2 we established a cohort of RA patients from these academic centers (n = 348), asked
patients to complete PROMIS short forms, and collected information about RA disease activity
at up to 3 consecutive clinic visits. We used 2 methods (anchor- and distribution-based) to look
at change in PROMIS scores in relation to other indicators of change and to identify MIDs or
changes in scores.
For aim 3 we constructed a series of vignettes from items in the PROMIS item bank for pain
interference and fatigue across the continuum of symptom levels. Using these vignettes, we
then conducted a “bookmarking” activity, which had been modified from educational standardsetting methods, with patients and clinicians to estimate thresholds for mild, moderate, and
severe levels of these symptoms. Finally, we used these vignettes to estimate the amounts of
change in symptoms that would be clinically meaningful in making decisions concerning
changes in therapy.
Results: In aim 1, our interviewing activities affirmed that the questions asked on PROMIS short
forms were relevant to people with RA (ie, the questionnaires adequately described the range
of symptoms experienced by RA patients). In aim 2 we showed that PROMIS measures tracked
4

closely with other indicators of change in disease activity over time. When using either
symptom-based anchors of change from patients or disease activity estimates of change by
clinicians, we found that changes of 2 to 7 points on PROMIS scores equated with patients
reporting they were “a lot better” or “a lot worse.” In aim 3 we found that patients had
difficulty reaching a consensus about what was meant when they said they had mild, moderate,
and severe levels of symptoms, and that the amount of change they identified as meaningful
improvement or worsening was different from the amount of change clinicians thought was
important. Both patients and clinicians generally thought that changes of 5 to 10 points for the
measure of pain interference and fatigue represented meaningful change in determining
whether a treatment was working.
Conclusions: This study provides new evidence to support the content validity of selected
PROMIS short forms in patients with RA. The measures were sensitive to changes in disease
activity in patients seen in an arthritis clinic. Our bookmarking activity suggests that the amount
of change that clinicians and patients considered clinically important was at least as high as
those estimated using more traditional (ie, anchor- and distribution-based) methods.
Study limitations: We conducted this study in academic health centers with patients with
established and well-controlled RA. This factor may limit generalizability to other settings and
to those with higher disease activity or recent onset of disease.
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BACKGROUND
Rheumatoid arthritis (RA) is the most common form of immune-mediated inflammatory
arthritis and affects up to 1% of the general population.1,2 This condition is associated with
considerable morbidity as a result of joint pain, swelling, and damage, and it greatly affects
numerous aspects of physical, emotional, and social health-related quality of life (HRQOL).
Moreover, RA is a systemic disorder that often affects other organs besides the joints. Our work
and that of others has shown the range of impacts from RA across multiple health domains that
are not routinely captured as outcomes in clinical trials or clinical care.3-5 RA serves as an ideal
model to study chronic inflammatory conditions that have wide-ranging impact on HRQOL due
to the underlying condition and comorbidities, and to evaluate the role of patient-reported
outcomes (PROs) in capturing these multidimensional effects.
In our earlier work based at a single center, we collected an expanded set of PROs
beyond those routinely collected in clinical practice, including a range of Patient-Reported
Outcomes Measurement Information System (PROMIS) health measures.6 We demonstrated
that: (1) RA had a range of HRQOL impacts for physical, mental, and social health, (2) PROs
were able to differentiate individuals across levels of disease activity, and (3) the range of
impacts was present even when patients’ disease activity was considered to be well-controlled.
Moreover, we found that obtaining expanded PROs was feasible in a clinic setting. PROs
helped patients and physicians initiate conversations concerning the impact of RA across
multiple components of their lives; this information could factor into making health care
decisions, from recognizing new problems to affecting choices regarding disease-modifying
antirheumatic drugs (DMARDs) and immunomodulatory therapy. Through qualitative studies
we learned that patients and clinicians sought additional guidance on how to use this PRO
information in shared health decision-making—in other words, how to interpret the results.7
At the time this project for the Patient-Centered Outcomes Research Institute (PCORI)
began, only limited evidence was available, beyond our preliminary studies, that the PROMIS
measures would be realistic and feasible to use in busy care settings that provided care for
6

people with RA, that the information was meaningful to patients or providers, what the
relevant levels of symptoms were in RA, and how much change would be meaningful from the
perspective of patients and providers. Thus, little information existed about content validity of
PROMIS measures in people with RA or about the amount of change in these measures to be
expected in clinical practice settings. Also, the feasibility and applicability of using the
bookmarking method (a modification of standard setting adapted from educational testing)7a,7b
to assess changes in PROMIS scores was not well understood. Therefore, we deliberately
designed research for each aim to provide new data to address these evidence gaps.

Three Aims for the Project
Our overall goal was to use several standardized methods to help aid in interpretation of
PROMIS scores in people with RA. Our study had 3 interlocking aims:
•

Aim 1: Evaluate the relevance, comprehension, and comprehensibility of items on a set
of PROMIS short forms in people with RA (content validation).

•

Aim 2: Estimate minimally important differences in PROMIS scores (observational
cohort).

•

Aim 3: Seek consensus among patients and providers on how much change reflects
meaningful improvement or worsening of specific symptoms (bookmarking activity).
In aim 1 we sought to confirm that the content of PROMIS measures (eg, individual

questionnaire items) was appropriate for addressing the symptoms experienced by people with
RA. We did this via surveys conducted in an online RA patient community and in one-on-one
interviews of RA patients recruited from academic clinical practices. In aim 2 we collected
prospective data from RA patients seen at 3 academic medical centers to confirm the results
from our single-center pilot study and to obtain additional information about change in the
measures over time in RA patients. These included patient assessments of change in symptoms
to serve as an anchor-based method of estimating minimally important difference. In aim 3 we
brought together patients and clinician providers to evaluate paper-based clinical vignettes that
represented patient responses on PROMIS measures for pain interference and fatigue; these
reflect 2 of the most prevalent and bothersome patient-relevant symptoms identified by people
7

living with RA. In this bookmarking exercise,7b,8,9 each group worked individually to determine
threshold levels of symptoms (mild, moderate, severe) and to determine what constituted a
meaningful change in symptoms (improvement and worsening). We then brought patients and
clinicians together to discuss the results of the exercise.
This methods report documents the purposes, tasks, methods, and results pertaining to
the 3 specific aims of our project. We also report briefly on stakeholder and patient
engagement. In the current study, we have focused on the use of PROMIS short forms in a
clinical setting to ensure wider generalizability of the results. In the Discussion section, we
discuss the use of computerized adaptive testing (CAT) versions of PROMIS measures.
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PARTICIPATION OF PATIENTS AND OTHER STAKEHOLDERS
Types and Number of Stakeholders Involved
Table 1 summarizes stakeholder and patient involvement in planning or conducting the
projects. We sought broad representation from individuals to provide requisite methodologic
expertise and advice on how the results of PROs could be important in clinical care and clinical
trial settings. Additional recognition and titles of individuals are noted in the Acknowledgments
section at the end of this report.
We engaged with these individuals from the inception phases of the original grant
submission. We will continue to engage with them to determine the optimal ways of
disseminating content from our work to promote further uptake of the findings.
Table 1. Types and Numbers of Stakeholders Involved in the Project
Type of Stakeholder

No.

Comment

Patients, patient
communities, and patient
advocates

5

2 primary patient research partners (1 nonwhite), 1
representative from Arthritis Foundation, and 2 from
CreakyJoints, an online community of patients with
rheumatoid arthritis (RA)

National Institutes of
Health (NIH)

1

Patient-Reported Outcomes Measurement Information
System (PROMIS) leadership

Pharmaceutical company
representative

1

Expert with interest in patient-reported outcomes and
outcomes for drug trials

Rheumatology nurse

1

More than 15 y of experience in RA patient care and
patient education

Health system
representatives

2

Assistance with dissemination phase

Research team

8

Psychometricians (2), rheumatology clinicians (3), experts
in qualitative (2) and quantitative methods (1)
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For this study, the input of patients and our online patient community partners was
essential in administering questionnaires. We engaged first with the online patient arthritis
community CreakyJoints (https://creakyjoints.org/) to assist us in developing a questionnaire to
administer PROMIS instruments and evaluating the content validity of PROMIS short forms.
CreakyJoints was linked to the PCORI Patient-Powered Research Network (PPRN) ArPOWER
(https://www.pcori.org/research-results/2015/ar-power-arthritis-partnership-comparativeeffectiveness-researchers-pprn), but the PPRN was nascent at the time our project was
conceived and conducted. We worked with patient research partners, who had participated
with us in a prior PCORI project and other research projects. We also engaged a representative
from the Arthritis Foundation, a patient advocacy organization, to work with us in the later
phases of the project.
We believed that the input of PROMIS representatives from the National Institutes of
Health (NIH) and from the pharmaceutical industry, who were interested in PROMIS measures
as outcomes for trials, would be critical in guiding next steps and in interfacing with ongoing
projects in their spheres. Our research team represented clinical rheumatologists and
researchers, psychometricians, and quantitative and qualitative expertise.

Methods of Stakeholder Engagement
We maintained contact with our stakeholders through periodic email and telephone
conferences or calls. We convened 2 in-person meetings coupled with rheumatology
conferences; we also held ad hoc face-to-face meetings at other conferences. Toward the end
of the project, we had increasing contact to elicit advice on our analysis and the interpretation
of our data and findings.

Perceived or Measured Impact of Engagement
Table 2 illustrates the impact that various types of stakeholders had on our work. More
specific information about patient involvement in the research itself appears in the Methods
and Results sections of this report.
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Table 2. Impact of Stakeholder Engagement
Category of Impact

Specific examples

Level of
impact

Ensure relevance of
research question

Research questions came directly from patients and
clinicians, as well as from PROMIS itself and others who
were involved in our PCORI pilot project, to develop a
response to a request for information concerning unmet
needs for PROMIS measures.

High

Design study methods
and outcomes

Patients helped debrief questionnaires before we
administered them online; helped select appropriate
domains of inquiry for PROMIS measures that were
important to them (aims 1 and 2); helped review
vignettes used for the bookmarking activity (aim 3); and
reviewed abstracts and manuscripts for presentations
(aims 1 and 2).

Moderate

Maintain study rigor
and quality

Clinicians helped ensure the scientific integrity of the
project was maintained chiefly by the research team (eg,
following data quality during the study for completion of
forms, missing data queries, and similar tasks).

Low

Recruit participants

CreakyJoints helped develop recruitment strategies for
the online patient community surveys and offered
suggestions to target certain types of patients (eg, men).

Moderate

Ensure transparency of
the research

We solicited feedback through project updates via email,
telephone calls, and face-to-face meetings coupled with
annual American College of Rheumatology meetings and
other conferences (eg, International Society of Quality of
Life Research).

Moderate

Adopt research
evidence into practice

Patient research partners worked with us as authors on
abstracts as well as on a recently published manuscript
and another under review, and will work with us on
additional manuscript development.

Moderate

Abbreviations: PCORI, Patient-Centered Outcomes Research Institute; PROMIS, Patient-Reported Outcomes
Measurement Information System.
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Examples of Patient or Stakeholder Engagement Changing Research
Discussions with patient research partners changed our thinking about the proposal as
we were writing it. They helped us define more clearly the goals of making PROs more
meaningful for patients in making health care decisions. When planning the bookmarking
activity, patients recommended that we decrease the number of domains to be evaluated in
the exercise because of concerns about creating burdens on the patients’ time, concentration,
and comfort. This advice was prescient; although we planned to cover 3 domains during the
bookmarking, we had time to cover only 2 domains because of the extended conversations
about the vignettes and patient personal context. Additional details of how stakeholders
affected our research are found in the Methods and Results sections.
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METHODS
Overall Research Design
This study used qualitative and quantitative methods across 3 related specific aims. In
aim 1, we administered surveys and conducted one-on-one interviews to evaluate content
validity of PROMIS short forms in patients with RA from a clinic-based population and an online
patient community. In aim 2, we collected PROMIS short forms and clinical data at routine
clinical visits. The objective was to evaluate changes in PROMIS measures over time and to
identify minimally important differences (MIDs) using anchor- and distribution-based methods.
In aim 3, we conducted a bookmarking exercise with people with RA and rheumatology
clinicians to identify thresholds of symptom severity and to determine meaningful changes for
improvement and worsening.

Aim 1. Evaluate the Relevance, Comprehension, and Comprehensiveness of Items
on a Set of PROMIS Short Forms in People With RA (content validation)
Overview
An important component of PRO use is to ensure that the content of questionnaires
reflects the concept of most concern to the population of interest and in the particular context
of use.10 For this project we sought to determine whether the content (eg, individual items) of
selected PROMIS short forms and the multidimensional PROMIS Profile-29 (PF-29) was relevant
to patients with a chronic inflammatory disease, namely RA, to provide additional support for
the use of these measures as outcomes in clinical practice and clinical trial settings.
Specifically, we sought to understand whether the item-level content of PROMIS short
forms accurately matched the symptoms of people living with RA and whether it could function
as a model for a chronic inflammatory disease. We did this in participants recruited from an
online patient community (https://creakyjoints.org/) with a high probability of having RA and
from a geographically diverse group of patients recruited from 3 academic clinic-based
practices.
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Study Design
For aim 1 we administered a survey and conducted one-on-one interviews. The time
frame for this part of the study was a one-time data collection effort with surveys conducted
from April through October 2015.

Study Participants and Settings
Our participants included individuals from the CreakyJoints online arthritis patient
community and clinic-based patients from 3 academic rheumatology practices. The sites were
Johns Hopkins Bayview Medical Center (JH; Baltimore, Maryland), the Hospital for Special
Surgery (HSS; New York City, New York), and the University of Alabama at Birmingham Medical
Center (UAB; Birmingham).
The general inclusion criteria for patients were the following: age >18 years; able to
read and speak English; and met American College of Rheumatology (ACR) classification criteria
for RA11 or passed a screening questionnaire for online participants. Exclusion criteria included
having other forms of inflammatory arthritis or concurrent medical or psychiatric problems that
would preclude participation (for clinic-based populations). Participants received a $25 gift card
for participation in surveys or interviews.

Screening Questionnaires and Interviews
For the first part of aim 1, we developed and tested a screening questionnaire to
improve the specificity for a diagnosis of RA for use in the online patient community, because
for these participants we would not have access to medical records for diagnostic confirmation.
We based this questionnaire on the Connective Tissue Screening questionnaire (CSQ), 12
updated it to reflect the more recent 2010 ACR classification criteria for RA, added a checklist of
medications commonly used to treat RA (DMARDs), and added questions to exclude patients
with a high probability of having psoriatic arthritis (PsA).11a We first administered the screening
questionnaire in the JH clinic population to sequential patients seen in routine care, for whom
diagnoses were known (n = 52 patients with RA and n = 27 patients with PsA). The
questionnaire had a specificity of 100% for identifying RA, with no PsA patients misclassified as
14

having RA.11a We sought high specificity rather than sensitivity to reduce the number of
participants that could have some other form of arthritis (ie, to reduce the number of false
positives). We administered this screening questionnaire to online patients who responded to
an email describing the study. Patients who screened out did not complete the rest of the
PROMIS questionnaires or questions concerning content validity.
Shortly after initiating the online survey, we recognized that most responses from the
online patients were coming from women. We worked with CreakyJoints to modify subsequent
email requests to focus only on men so that we would have male representation among our
respondents.
Online participants from the internet data collection (IDC) group at CreakyJoints
completed a subset of items from PROMIS short forms and the multidimensional PROMIS PF29, v2.0. The specific PROMIS short forms were Pain Interference (Form 8a, v1.0), Fatigue
(Forms 7a and 8a, both v1.0), Physical Function (Form 20a, v1.0), and Ability to Participate in
Social Roles and Activities (Form 8a, v2.0). We chose the 2 PROMIS-Fatigue short forms as they
were the most readily available, most deployed, and most widely translated. The PROMISFatigue 7a was developed as a general form to assess fatigue. We chose the 8a because it also
contained the 4 items from the PF-29. No items on the 7- or 8-item versions are the same. We
chose the 20-item PROMIS Physical Function short form to assess overall content relevance and
because it reflected a spectrum of impairments. This extended version short form also includes
the 10-item short form within it.
Participants answered questions about domain and item relevance. They were asked
individual questions about how important it was for a particular symptom or domain (ie, pain,
fatigue, everyday physical activities, ability to participate in social roles and activities, sleep,
emotions they were experiencing) to be taken into account when deciding how well RA
treatment was working. Response options were: very important, may be important, or not
important. Respondents rated whether the questions for a particular domain or symptom
reflected their experience of that symptom related to their RA with response options:
completely, mostly, moderately, a little, or not at all. We then asked whether the questionnaire
15

should ask anything else about a particular symptom; response options were yes or no. For
specific questions covering the adequacy of content in questionnaires, participants were asked
to annotate or elaborate their answers using free-text boxes. Online community data collection
and clinic-based surveys were administered online using the Qualtrics survey system.
For the second part of aim 1, we conducted one-on-one interviews with RA patients
recruited from the 3 academic rheumatology practices (ie, JH, HSS, and UAB). We wished to
have patient representation across sites, as well as by RA disease characteristics, race, and sex.
These interviews were conducted in person (JH site) or by telephone, and we recorded the
interviews and then transcribed them. Interviewed patients had access to paper forms of the
questionnaires, which they completed during the interview. These were done at a single point
of collection with no follow-up. We divided the items for debriefing into subsets such that each
individual participant would debrief only 36 to 38 items, limiting the interview length for each
individual participant while also ensuring that each item was debriefed by multiple individuals.
We also randomized the order in which each subset of PROMIS items and debriefing questions
was administered to each participant. For example, for participant 1 the order was physical
function, fatigue, pain interference, then participation; for participant 2 the order was fatigue,
pain interference, participation, physical function; and so on. Participants “thought aloud” as
they completed PROMIS short forms and the PF-29 with the interviewer. In addition, we asked
them other questions concerning item comprehension, comprehensiveness, and relevance. For
comprehension we asked, “Overall, how easy or hard is it to answer these questions about your
(pain, fatigue, etc)” with response options: very easy, somewhat easy, somewhat difficult, or
very difficult. For comprehensiveness we asked, “Are there additional things we should be
asking to understand how RA affects your (pain, fatigue, etc)” with the response options yes or
no. Respondents rated individual questions as very, somewhat, or not at all relevant to their
experience of RA symptoms.

Outcomes
We selected PROMIS short forms for several domains that RA patients commonly
identified as important to them and that RA would affect.3 These covered Pain Interference, 2
16

Fatigue short forms (7a and 8a), Physical Function, and Participation in Social Roles and
Activities. We also administered the universal multidimensional PF-29, which includes 4 items
each from the domains above as well as items for sleep, depression, and anxiety. Each
participant also answered the PROMIS items that were not assigned to him or her for cognitive
debriefing to complete short form data.
PROMIS measures were designed and evaluated in clinical populations and calibrated in
the general US population to center the T-score metric.13 These measures have been used
mainly for research, but they are increasingly being deployed in clinical practice and electronic
health record (EHR) systems. They have been tested in the general population, and we have
shown their reliability and construct validity in people with RA through a PCORI pilot project.6

Analytical and Statistical Approaches
We estimated that a sample size of 200 surveys from the online community would be
adequate to reflect the range of responses from people with RA. Because this was a pilot using
the CreakyJoints group, we had limited information on feasibility of IDC methods, the interest
of potential respondents, or the characteristics of the respondents who would participate.
Thus, we did not conduct a formal sample size calculation for this part of our study.
For one-on-one interviews, we sought representation across 3 different academic sites
and across a range of sociodemographic factors in addition to geography. We estimated that at
least 10 participants from each site would allow us to sample across demographic and RA
features.
We used the PROMIS Assessment Center Scoring Service (www.assessmentcenter.net)
to obtain PROMIS scores calculated with item response theory (IRT) methods. We used
descriptive statistics to describe PROMIS data and responses to questions concerning content
relevance. In addition, 2 investigators reviewed, coded, identified, and quantified themes from
free-text boxes concerning additional suggested questionnaire items.
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For the interviews, we conducted a targeted qualitative analysis to summarize the
information both descriptively and thematically. We conducted secondary analyses to compare
characteristics of online participants with those of clinic-based participants, with respect to
their PROMIS responses. As characteristics were similar among participants from the 3
academic centers, we collapsed data for subsequent analysis. We encountered no missing data
for these surveys because online questionnaire completion was required for participants to
obtain a link to receive remuneration.

Changes to the Original Study Protocol
Based on feedback from our patient stakeholders in reviewing our original protocol, we
did not collect longer-version fixed short forms for sleep and anxiety as proposed in our original
application because of concerns about questionnaire burden. We were, however, able to
collect PROMIS information on sleep and anxiety from the PF-29 form (ie, 4 questions rather
than expanded short forms for these domains).

Aim 2. Estimate Minimally Important Differences in PROMIS Scores (observational
cohort)
Overview
For PROs to be interpreted, there must be evidence that the measures demonstrate
meaningful change along with changes in clinical status. Moreover, it is important to define the
amount of change that is meaningful. An MID has been defined as the smallest difference in the
scores of a PRO that patients perceive as being beneficial or harmful and that would lead to
considering a change in treatment.14,15
The overall goal of this aim was to evaluate changes over time of selected PROMIS short
forms and PF-29 profiles in people with RA. We prospectively collected PRO data at the time of
routine clinical encounters in participants enrolled at JH, HSS, and UAB. Participants provided
ratings of how much their RA disease activity and specific symptoms had changed as compared
with the preceding clinic visit. Clinician-reported outcomes (eg, numbers of swollen and tender
joints, provider global assessment of disease activity) were also obtained to assess overall levels
18

of disease activity. We calculated the mean change in PROMIS scores associated with patient
reports of change (eg, a little or a lot better or worse).

Study Design
We collected data in an observational cohort of RA patients receiving care at arthritis
clinics in an academic settings. We sought to assess PROMIS responses over time in situations
of change (improvement and worsening) so that we could define minimally important and
clinically relevant differences.

Study Participants and Settings
Participants were recruited from JH, HSS, and UAB with well-characterized RA patient
populations. At these institutions, collection of standardized clinical data was routine, and
investigators had experience with routine PRO collection. We chose HSS in New York City to
enhance recruitment from Asian and Latino communities; we selected UAB in Birmingham,
Alabama, to enhance recruitment of black (African American) participants. With one exception,
inclusion and exclusion criteria were the same as in aim 1; the exception is related to the
screening questionnaire because we enrolled patients when they had a rheumatologistassessed diagnosis of RA.
We obtained data from patients and providers during their regularly scheduled clinic
appointments. Sites were not encouraged to make a special effort to bring in participants
outside their regularly scheduled appointments. Patients were under the care of
rheumatologists at academic medical centers all practicing a “treat-to-target” approach (aiming
at achieving low disease activity or remission according to standardized clinical disease activity
indices).16 For that reason, we have certainty that the care delivery was at, or exceeded, the
standard of care. Moreover, the principal investigators at each site are established clinical
investigators; they all participate on national and international committees to define disease
and develop treatment guidelines for RA patients.11,17,18 We did not introduce any interventions
as part of the study; we only collected questionnaire data and extracted routine clinical data
recorded by clinicians.
19

Demographic and Enrollment Data Collection
At baseline, patients self-reported demographic information, including age, sex, race,
ethnicity, geographic location, and RA disease duration. We requested that each site record
recruitment responses for all patients approached. Coordinators completed an Informed
Consent Status tracking form for each patient approached; response options were consented,
declined, thinking, and per staff: not a good candidate. We did not collect reasons for
participants declining to participate or for why the potential participant was not a good
candidate.

Outcomes
PROMIS measures were the primary outcomes of interest for this aim 2. They reflect
those symptoms for which people living with RA accord high priority.3-5 We specifically sought
to assess PROMIS scores at baseline, PROMIS scores at follow-up visits, and changes in PROMIS
scores between visits.
We also sought an external anchor of change in disease activity and selected the Clinical
Disease Activity Index (CDAI). It is a composite index commonly used in clinical practice to
classify patients according to levels of RA disease activity (eg, remission, low disease activity,
moderate disease activity, and high disease activity) and to guide treatment decision-making;
also, MIDs have been calculated for the CDAI.19,20 We recorded the CDAI at each study visit
based on a combination of physician- and patient-reported measures.
We collected the following patient-reported outcomes:
1. PROMIS short forms for Pain Interference (Form 8a, v1.0), Fatigue (Forms 7a and 8a,
both v1.0), Physical Function (Form 20a, v1.0), Ability to Participate in Social Roles and
Activities (Form 8a, v2.0), and the PF-29, v2.0. We collected both PROMIS 7a and 8a
short forms to determine their performance in RA. Neither form had previously been
used in this disease state.
2. Patient global assessment of disease activity (“Considering all the ways arthritis affects
you, how well are you doing today,” which has an 11-point numerical rating scale from
very well to very poorly).
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3. A 5-point standard health transition question (“Compared to your last visit, would you
say that your arthritis is: a lot better, a little better, the same, a little worse, or a lot
worse”), which has recently been validated in patients with RA21.
4. 5-point symptom transition question (“Since your last visit is your pain/function/
fatigue/participation: a lot better, a little better, the same, a little worse, or a lot
worse”).
5. Patient rating of symptom severity (none, mild, moderate, severe) to compare with the
threshold-setting exercise in the bookmarking activity (aim 3).

Study Time Frame
The first visit for the first patient occurred on October 29, 2015; the last patient was
seen for the last visit on December 21, 2017 (corresponding to the end of the no-cost extension
funding period). Patients were seen for up to 3 visits, including baseline, based on routine care
visits. We had delays in study start at UAB and HSS, pushing our starting timeline for all sites to
later than originally planned. As a result, additional analyses were delayed owing to time
needed for data cleaning and analytical programming.

Data Collection and Sources
We assigned a unique study number to each participant. Each investigative site kept all
links to patient identity in a protected document that was not linked to study data. We
collected PROMIS data through the Assessment Center using a login and password linked to the
study identifier. We collected clinical data with the numerical participant identifier on
scannable teleforms. These were transmitted electronically to JH, where they were scanned
directly into a secured Microsoft Access database at the JH site. Data received from all sites
were reviewed twice monthly during the data collection phase. The JH coordinator sent queries
for missing data to the lead coordinator at each site and followed up until resolution.
Sites completed an exit form for all enrolled subjects. Fields for responses on the exit
form were either Study Complete or Study Incomplete for the following reasons: adverse
event/intercurrent illness, death, lost to follow-up, violation of selection criteria, protocol
violation, withdrew consent, and administrative/other. Participants were listed as lost to
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follow-up only if they had not completed 3 visits by the end of the study funding date or had
more than 2 years between their visit dates. The withdrew consent option was used only when
the participant requested this status and withdrew from the study.

Analytical and Statistical Approaches
We calculated frequency, mean (SD), and range for continuous scores and PROMIS Tscores, and frequencies and proportions for categorical variables. We calculated internal
consistency to assess reliability. We compared the average level of symptoms across disease
severity categories (CDAI19) and patient severity ratings (none, mild, moderate, severe) using
analysis of variance (ANOVA).
We used 2 different methods to calculate MIDs.22 Anchor-based methods relied on
comparing changes in PROMIS scores to ratings that patients and providers gave about how
much change was evident in overall disease activity, and for specific symptoms (pain
interference, fatigue, function, participation). We also examined distribution-based estimates
of change wherein we prespecified the standard amount of change that has been used
historically by psychometricians to identify minimally meaningful amounts of change (ie, 0.2
and 0.5 SD). We compared results from both methods and combined these results with
emerging evidence about MIDs for PROMIS and our results from aim 3.
Identifying MIDs requires data from patients whose disease status or symptom has
improved or worsened between visits. Our pilot study suggested that at least 38% of people (95
of 250) would report change in status (ie, at least minimally better or worse) at a subsequent
visit. Thus, to ensure adequate statistical power, we collected data across 3 visits to ensure we
would have at least 75 patients who would report a change in status (disease activity and/or
symptom), providing >80% power to detect a small amount of change using global estimates of
change.
Thus, to achieve this aim, we used multiple approaches to provide a range of MID
estimates; ideally, these should converge around a small set of values (ie, triangulation). These
values, along with information from the literature about MIDs for similar PROs, are discussed
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further in the Results and Discussion sections. We compared these results with those from aim
3 (bookmarking), with further details given in the Discussion section of this report.

Changes to the Study Protocol
We built in alerts from PROMIS depression scores that were >65 at JH and HSS and >71
at UAB, indicating moderately severe or severe depression based on cross-walking of the
Patient Health Questionnaire-9 (PHQ-9), a questionnaire for depression screening
(http://www.prosettastone.org/Pages/default.aspx). The different thresholds for alerts were
set at the advisement of the individual institutional review boards (IRBs) on study monitoring.
Research staff received these alerts; they were in turn required to document provider
notification and action taken. These alerts were part of the final protocol submitted to the IRB.
Because IRB approval and study start-up were delayed at UAB, we over-recruited
patients at the JH site to make up for UAB’s reduced recruitment numbers so that final
participant numbers with follow-up data would be sufficient for the final analysis.

Aim 3. Seek Consensus Among Patients and Providers About How Much Change
Reflects Meaningful Improvement or Worsening of Specific Symptoms
(bookmarking activity)
Overview
Determining the “meaning” of PROs has often relied on statistical methods to infer
change over time. PROMIS scores are reported using a T-score metric, normalized to the US
general population (mean score of 50 with SD of 10); larger values reflect more of the trait
being studied. RA patients may describe their fatigue to their doctor as being “severe,” yet little
guidance is available about what patients generally regard as mild, moderate, or severe levels
of symptoms. Moreover, there has been relatively little research on how much change patients
and clinicians can typically expect to occur when they begin a new treatment or what amount
of change is considered sufficient to conclude that treatment is working.
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To address these questions, we used the “bookmarking” methodology of standard
setting to determine cut scores for levels of symptoms (none-mild, mild-moderate, moderatesevere) and how much change in disease activity of symptom scores is meaningful. For
example, bookmarking brings together experts (in our case patients and providers) who review
ordered vignettes describing different levels of a symptom. For instance, with fatigue, the
experts would review the vignettes and identify the specific cut point (eg, PROMIS score) when
a patient can be considered to have transitioned from a state of “no fatigue” to “mild fatigue.”
Karon Cook, PhD, and David Cella, PhD (Northwestern University), who adapted these methods
from educational standard-setting and first applied them to PROs,7a,7b served as collaborators
for this project.

Study Design
We conducted separate bookmarking exercises with patients and clinicians to identify
meaningful change associated with 2 variables: (1) Symptom levels (none, mild, moderate, and
severe); and (2) improvement and worsening sufficient to warrant considering a change in
treatment. We compared findings and presented results to all participants (ie, patients and
clinicians); we then engaged them in general conversation to seek consensus on meaningful
levels of change in PROMIS scores.

Study Participants and Setting
We used purposive sampling to assemble a diverse group of RA patients and clinicians
(physicians, nurses, psychologists) with variable years’ experience treating patients with RA. We
sought to reflect different demographics (eg, age, race), settings (private, academic clinics), and
lived RA experiences. The optimal number of participants for bookmarking activities has not
been established, but 6 to 8 individuals per group have been reported. 8,9
Inclusion criteria for patients were (1) participating in the longitudinal PROMIS study
(aim 2) or receiving treatment for RA, and (2) being able to speak and read English. Exclusion
criteria included diagnosis with another form of inflammatory arthritis. Patients who
participated in the longitudinal study were invited to participate in the bookmarking activity;
24

we selected them to reflect a range of ages, races, education levels, RA disease durations, and
severities of joint damage. One of our patient research partners also participated in the
meeting.
Inclusion criteria for providers were (1) expertise and (2) experience providing care for
RA patients. We invited providers and stakeholders from different settings (ie, academic
practice, private practice, government) to ensure diversity in experience, clinical setting, and
sex.
We conducted bookmarking during a face-to-face meeting over 1.5 days in March 2017.
We scheduled breaks during the sessions that gave adequate time for stretching and
refreshments to minimize potential discomfort to patients.

Outcomes
Using methods described by Cella, Cook et al,8,9 we drafted patient vignettes from the
item parameters of the IRT calibration of PROMIS item banks. Drs. Cella and Cook, our
collaborators from PROMIS and the Assessment Center at Northwestern University for this
project, provided this information. The bookmarking method for PROs first requires a series of
patient vignettes that include 4 or 5 statements regarding the level of symptoms that a
hypothetical patient would be experiencing if they had a certain PROMIS T-score. The response
options are chosen from the PROMIS item bank calibrations.
We developed vignettes using the following principles:
1. Vignettes covered the range of potential scores seen in clinical populations for a domain
of interest.
2. Vignettes were set at 0.5 SD increments (5 points on the T-score metric).
3. Vignettes reflected a range of possible answers within a question (eg, every response
was not “always” or “never”).
4. Each vignette contained at least 4 items and had at least 1 item that appeared on the
short forms administered in aim 2 (for fatigue, at least 2 such items).
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Our patient research partners reviewed all the vignettes to ensure clarity and
comprehension before the bookmarking meeting. We modified the vignettes based on this
input. We created vignettes for pain interference (8 vignettes), fatigue (9 vignettes) and
physical function (7 vignettes) and assigned a name to each of these 24 vignettes. Figure 1
shows a sample vignette for fatigue.
Figure 1. Sample fatigue vignette

Data Collection
We recorded votes (eg, thresholds and changes, detailed in the next section) from each
participant in real time onto a whiteboard. We also recorded and transcribed sessions. We
presented the final results from each group to the combined group.

Bookmarking Process
We gave these vignettes to participants already ordered by severity from least to worst
and asked them to “bookmark” the transition from none to mild, mild to moderate, and
moderate to severe levels of symptoms. Participants shared their votes; they then discussed
their approach to selecting transition points. A second (and frequently a third) round was used
to seek consensus.
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Next, participants established thresholds for change in RA status. First, we selected a
vignette representing a high level of symptoms for discussion. Participants voted on how much
change (from one vignette to another) was needed to reflect “enough improvement to know
that a treatment was working” or “enough to be important to you.” We also presented a
vignette showing a low level of symptoms, and participants indicated how much worsening
would have to occur before they would ask for additional care (ie, a change in treatment).
In our last session, we presented the findings from each group (patients and providers)
to the combined audience of all participants to facilitate discussion and reactions to the other
group’s findings. We also showed data from our PCORI pilot project and interim data from aim
2 of this study to illustrate real-world outcomes and applications associated with patients who
had described their status as “a lot better” or “a lot worse.”

Data Analysis
The research team reviewed transcripts and summarized major themes. These activities
allowed us to describe the deliberative process and the heterogeneity of responses.

Changes to the Study Protocol
To account for regional differences, we originally proposed having at least 1 patient
from the HSS and UAB sites at our bookmarking exercise, but logistics presented considerable
challenges in doing this. For the bookmarking meeting, we had 9 patients from the BaltimoreWashington area, 2 patients from the mid-Atlantic region, and 1 patient stakeholder and 1
representative from a patient advocacy organization. The final group included participants
across a range of races, ethnicities, and RA severities.
We modified the bookmarking activity because of time considerations and
recommendations from Dr. Cook. We recognized that, at best, we could address 3 domains. We
initially selected pain interference, fatigue, and physical function, as these are domains most
valued by RA patients and are all current and emerging outcomes in RA trials. Given the rich
and robust discussions that took place during the bookmaking meeting, we had time to address
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only pain interference and fatigue. We decided to omit physical function, in part because 1
study has already reported an MID for the PROMIS physical function measure, albeit not using
bookmarking methods.23
For the change assessment, we selected patient vignettes reflecting 2 types of change:
(1) patients starting with moderate to high disease activity (to evaluate improvement); and (2)
patients starting with low disease activity or in remission (to evaluate worsening or disease
flares). We asked participants to identify change thresholds for “enough to make a difference”
to “enough to know that a new treatment was working” and “enough that you would ask the
doctor for something to be done, like a change in medication.”
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RESULTS
We presented our results from the activities we conducted with patients with RA and
clinicians treating such patients according to the 3 aims of the project (ie, validating content,
assessing change and MIDs in an RA cohort, and bookmarking). We obtained data from an
online patient community called CreakyJoints and from patients seen in the Johns Hopkins
University Arthritis clinics (JH); in other cases, data are based on activities from clinics at the
Hospital for Special Surgery (HSS) in New York City and at the University of Alabama at
Birmingham (UAB).

Aim 1. Evaluate the Relevance, Comprehension, and Comprehensibility of Items
on a Set of PROMIS Short Forms in People With RA (content validation)
Participants
For the internet data, CreakyJoints sent email blasts to the CreakyJoints community
describing the study and inviting members’ participation. We do not have data on the numbers
of people who received the email. Initially, most respondents were women (consistent with RA
demographics); thus, subsequent recruitment was targeted to men only. We used a validated
questionnaire that we had previously adapted to screen participants. Figure 2 shows the flow of
study participants throughout the study.
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Figure 2. Flowchart for online survey reasons for exclusion or inclusion

Abbreviations: CSQ, modified Connective Tissue Disease Screening Questionnaire; DMARD, disease-modifying
antirheumatic drug; RA, rheumatoid arthritis.
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We also invited RA patients receiving care at JH to participate. We used purposive
sampling to include participants with diverse sociodemographic characteristics and disease
experiences.
As compared with the clinic participants, online patients reported more years of
education, more symptoms, and greater disability (Table 3). On average, PROMIS short form
scores were 6 to 11 points worse for online participants than for the JH clinic subjects.
Participants who had been debriefed were like those recruited directly from JH for the surveys.
Table 3. Participant Characteristics for Content Validation Studies
Characteristics

Surveys
Arthritis
clinica

Online arthritis
community

Debriefing
interviewsb

52

200

32

Age (y), mean (SD)

53 (14)

51 (12)

54 (13)

Female, n (%)

45 (87)

167 (84)

23 (72)

White

46 (89)

186 (94)

18 (56)

Black

4 (8)

8 (4)

6 (19)

Asian

3 (6)

2 (1)

3 (9)

American Indian/Native Alaskan

1 (2)

7 (3.5)

4 (13)

Other

2 (4)

1 (0.5)

4 (13)

Hispanic/Latino ethnicity

2 (4)

11 (6)

3 (9)

Education less than high school

36 (69)

185 (93)+

31 (97)

Disabled because of RA

8 (15)

63 (32)++

5 (16)

26 (50)

136 (68)

15 (50)

100

34

24 (75)

18

8 (25)

n

Race, n (%)c

Use of aids or disability-related
devices
Region, %d
Northeast
South
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Characteristics

Surveys
Arthritis
clinica

Online arthritis
community

Midwest

13

West
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Outside United States

8

Urban, n (%)

33 (64)

147 (74)

Debriefing
interviewsb

23 (72)

RA characteristics, mean (SD)
RA disease duration (y)

15 (11)

10 (10)+++

13 (10)

Patient global assessment of
disease activity (0-100)

34 (30)

57 (23)++++

34 (26)

Physical Function 20a

41.9 (11.5)

34.0 (6.4)#

42.2 (11.0)

Pain Interference 8a

56.2 (10.0)

65.0 (7.0) #

57.9 (10.6)

Fatigue 7a

54.6 (11.2)

65.6 (8.1)#

53.2 (9.9)

Fatigue 8a

54.8 (13.6)

66.0 (7.8)#

55.3 (10.3)

Sleep 4a

51.4 (9.8)

58.4 (7.8)#

56.0 (8.8)

Anxiety 4a

50.3 (10.5)

57.9 (9.1)#

51.9 (10.7)

Depression 4a

51.1 (10.7)

58.0 (9.5)#

50.3 (9.1)

PROMIS measures

Abbreviation: PROMIS, Patient-Reported Outcomes Measurement Information System; RA, rheumatoid arthritis.
a
Recruited from Johns Hopkins Arthritis Center, Baltimore, MD.
b
Recruited from Johns Hopkins (n = 12); Hospital for Special Surgery, New York, NY (n = 12); and University of
Alabama at Birmingham (n = 8).
c
Patients could select multiple responses; thus percentages sum to >100.
d
Based on US census regions.
+ P = 0.01; ++ P = 0.02; +++ P = 0.004; ++++ P = 0.0001; # P < 0.0001 (all comparing online vs clinic survey
respondents).

Surveys
Importance of Domains of Health to Patients With Rheumatoid Arthritis.
Participants rated the relative importance of each domain to reflect their RA experience (Table
4). Areas of health prioritized as important included pain (95%), sleep (92%), fatigue (89%),
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physical function (87%), participation (67%), and emotions (64%). Very few participants (≤2%)
rated any given domain as “not important.” Clinic patients were more likely than online
respondents to report that participation and emotions were “very important” domains. These
results are consistent with qualitative studies from international focus groups and Delphi
exercises that identified and prioritized relevant symptoms and impacts of RA.3-5
Table 4. Patient Perspective on Importance of Domains in Assessing Rheumatoid Arthritis a
Response Option

Function

Participation

Pain

Fatigue

Sleep

Emotions

Combined responses (n = 252)
Very important

87

67

95

89

87

64

May be important

13

32

5

10

11

34

Not important

<1

2

0

1

2

2

Very important

86

62

95

89

85

62

May be important

14

37

5

11

13

37

Not important

0

2

0

1

2

2

Very important

90

85

96

89

92

75

May be important

8

14

4

9

6

23

Not important

2

2

0

2

2

2

Online sample (n = 200)

Clinic sample (n = 52)

a

Data are shown as percentages, which may exceed 100% because of rounding.

Content Relevance From Surveys. We asked participants whether items within
domains represented their experience (Table 5). (Questions concerning anxiety and depression
were combined as “emotions” rather than broken out as individual domains.) More than 75% of
respondents felt that the items “completely” or “mostly” reflected their symptom experience
regarding their RA. At least 95% reported that a domain at least “moderately” reflected their
experience. Clinic participants were less likely than online participants to rate the content as
“completely” representative, but only a minority (12%) rated the items for function and
participation as minimally addressing their symptoms.
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Table 5. Survey Responses Regarding Content Relevance of PROMIS Short Formsa
Response option

Physical
function

Participation

Pain

Fatigue

Sleep
disturbance

Emotions

Combined responses (n = 252)
Completely

29

37

34

42

42

44

Mostly

46

43

47

45

43

39

Moderately

20

15

14

10

11

12

A little

4

4

4

2

4

1

Not at all

1

<1

1

<1

1

3

Completely

29

39

37

44

43

43

Mostly

49

46

48

48

45

43

Moderately

19

13

11

7

89

9

A little

3

3

4

2

4.0

2

Not at all

1

0

2

0

<1

4

Completely

26.9

32.7

23.1

34.6

40.4

50.0

Mostly

38.5

30.8

44.2

34.6

34.6

23.1

Moderately

23.1

25.0

28.8

25.0

19.2

25.0

A little

11.5

9.6

3.8

3.8

1.9

0.0

Not at all

0.0

1.9

0.0

1.9

3.8

1.9

Online sample (n = 200)

Clinic sample (n = 52)

Abbreviation: PROMIS, Patient-Reported Outcomes Measurement Information System.
a
Data are shown as percentages, which may exceed 100% because of rounding.
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Comprehensiveness and Content Gap Assessment. Across domains, the majority
of patients (74%-88%) rated the questions within domains as adequately capturing their
symptoms (Table 6). The exception was the physical function domain, where we observed a
substantial difference between the online (47%) and clinic (15%) groups in the proportion
indicating that additional items were needed. This finding may reflect the higher disability and
perceived disease severity among online participants.
Table 6. Proportion of Respondents Indicating Questions Adequately Captured Symptoms a
Category of
respondents

a

n

Physical
function

Participation

Pain

Fatigue

Sleep
disturbance

Emotions

Combined

252

60

88

84

88

78

89

Online

200

53

86

81

86

74

86

Clinic

52

85

93

94

98

94

98

Data are shown as percentages except as noted.

Participants could suggest additional questions in a free-text box. For example, for
physical function, we asked: “Is there something about your ability to do everyday physical
activities that we should ask?” For physical function and activities, 93 participants offered 155
recommendations that we grouped into about 6 themes; these included kitchen activities (24);
fatigue (21); fine motor skills (writing and typing; 19); participation in social roles (eg, taking
care of children and pets, being able to work a full day; 18); mobility (14); and household chores
(eg, housework and laundry; 10). Twenty-one items referred to the need for questions to
reflect the impacts of fatigue, sleep, pain, and depression on functional ability and daily
activities. Although some suggestions were already on the short forms (ie, walking, lifting
groceries, vacuuming, and carrying groceries), most were related to use of fine motor skills.
For the Pain Interference short form, 42 respondents identified additional areas of
content that would potentially be relevant to them in asking about their pain. These included
pain quality and type (11); location (10); use of medications (10); temporality (8); impact on
energy, sleep, or mood (7); and triggers (4).
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Sixty-one participants suggested additional areas of inquiry for sleep disturbance. These
addressed difficulty staying asleep (24); use of medications (12); other causes (eg, sleep apnea
[9]); and daytime sleepiness or interference in daytime activities (8).

One-on-One Debriefing Interviews
We further queried the relevance and clarity of items in debriefing interviews with 32
participants. All respondents rated pain and physical function as somewhat to very important in
characterizing their RA. Almost all (94%) rated participation and fatigue as very or somewhat
important.

Comprehension. As shown in Table 7, most (>72%) participants indicated that physical
function, pain interference, fatigue, and participation items were easily understood. Patients
were more likely to rate participation items as somewhat difficult or very difficult to understand
than items in other domains.
Table 7. Comprehensibility of PROMIS Itemsa
Level of
comprehension

Physical
function

Pain
interference

Fatigue

Participation

Very easy

53

56

60

61

Somewhat easy

32

28

25

11

Somewhat difficult

16

17

10

22

Very difficult

0

0

5

6

Abbreviations: PROMIS, Patient-Reported Outcomes Measurement Information System.
a
Data are shown as percentages.

Almost all participants (83%-100%) rated pain interference items as somewhat or very
relevant to their experience. The lowest-rated item was for “How much did pain interfere with
the things you usually do for fun?” Results were similar for physical function (range 80%-100%),
participation (92%), and both fatigue short forms (Fatigue 7a and 8a; range 72%-100%). Fatigue
results are reported in a manuscript that has been conditionally accepted.24
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Summary
We combined results from online surveys and debriefing interviews to contribute new
evidence showing that selected PROMIS short forms for physical function, pain interference,
fatigue, and participation, as well as sleep, anxiety, and depression items on the PF-29 short
forms are meaningful, easily understood, and address the range of lived experiences for people
with RA. We recruited, screened, and debriefed a diverse group of participants from across the
United States using online surveys; notably, the online respondents reported significantly
greater symptoms than those recruited from an academic arthritis clinic. We do not know the
reason for these differences in symptom levels between the different groups, but it may reflect
overall higher levels of disease activity in patients who responded to the online questionnaire
compared with patients seen in academic rheumatology practices, where there is a focus on
treat-to-target approaches. Alternatively, this may represent a bias toward a higher rate of
symptom-reporting in those patients who choose to participate in online surveys. Additional
items querying fine motor function would increase the relevance of the physical function short
form by addressing RA-specific impairments.

Aim 2. Estimate Minimally Important Differences in PROMIS Scores (observational
cohort)
The recommended approach to estimating MIDs is to use multiple methods with greater
reliance placed on the use of several anchors that are relevant to patients, clinicians, and
clinical indicators, and to compare them with results from distribution-based (ie, statistically
derived) estimates.22

Participants
We collected data from people with RA treated at 3 academic medical centers over the
course of 3 clinic visits. The flow of participants through the study is shown in Figure 3.
Participants were middle-aged, mostly female, and had long-standing RA. The patients were
diverse with respect to race and ethnicity, education, disease activity, and disability (Table 8).
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Figure 3. Flow of participants through observational study

Approached
N = 497
62 declined
35 deferred
13 poor candidate
Consented
N = 387
5 change diagnosis
2 deceased
2 withdrew (lost interest)
18 loss to follow-up
9 end of funding
Visit 1
N = 351

2 change diagnosis
1 deceased
5 withdrew (lost interest)
20 loss to follow-up
34 end of funding
Visit 2
N = 289
2 change diagnosis
2 withdrew (lost interest)
15 loss to follow-up
18 end of funding
Visit 3
N = 252
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Table 8. Baseline Demographics and RA Disease Characteristics of Observational Cohort
Sites
All clinics
N = 348a

HSS
n = 82

JH
n = 217

UAB
n = 49

57 (14)

56 (15)

56 (14)

60 (10)

81

85

80

78

American Indian or Native Alaskan

3

<1

3

--

Asian

4

9

5

--

Black

10

11

13

20

White

84

71

79

80

Other

1

2

2

--

Declined

1

6

<1

--

Ethnicity (%)
Hispanic

7

16

4

2

Education less than high school (%)

79

91

76

74

Full time

36

44

35

27

Part time

8

6

9

6

Retired

23

26

25

12

Disabled because of RA

22

14

19

49

Other

11

9

12

6

80

90

76

80

RA duration (years)

14 (11)

13 (12)

13 (10)

17 (12)

Patient global assessment of
disease activity (0-100)

30 (27)

27 (23)

32 (28)

28 (27)

Patient global assessment of
disease activity (0-10)

3.2 (2.6)b

2.7 (2.3)

3.2 (2.8)c

3.8 (2.5)d

Swollen joints (0-28)

2.5 (3. 5)e

2.0 (3.1)f

2.8 (3.6)

2.1 (3.5)

Age (y), mean (SD)
Female (%)
Race (%)

Employment (%)

Urban
RA characteristics, mean (SD)
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Sites
All clinics
N = 348a

HSS
n = 82

JH
n = 217

UAB
n = 49

Tender joints (0-28)

2.2 (3.8)g

1.4 (3.3)h

2.2 (3.5)

3.9 (5.2)i

MD global assessment of disease
activity (0-10)

1.9 (1.9)j

3.0 (2.1)k

1.5 (1.5)l

2.0 (2.3)

10.3 (7.9)m

10.2 (6.9)n

10.1 (7.7)o

11.6 (10.1)p

CDAI (0-76)

Abbreviations: CDAI, Clinical Disease Activity Index; HSS, Hospital for Special Surgery; JH, Johns Hopkins; MD,
physician; UAB, University of Alabama at Birmingham; RA, rheumatoid arthritis.
a
Although baseline data are available on 351 patients, 2 of these were later found not to meet inclusion criteria,
and 1 died before the second visit. They are thus excluded from this analysis.
b
n = 346.
c
n = 216.
d
n = 48.
e
n = 347.
f
n = 81.
g
n = 346.
h
n = 81.
i
n = 48.
j
n = 344.
k
n = 79.
l
n = 216.
m
n = 340.
n
n = 78.
o
n = 215.
p
n = 47.

Distribution of PROMIS Scores
Baseline PROMIS scores and clinical Indicators are shown in Table 9. Scores were
distributed across the entire range. Scores were similar for the longer-length short forms and 4item short forms from the PF-29. This is not surprising, as the questions overlap between the
PROMIS-29 questions and the longer versions of the short forms (with the exception of Fatigue
7a in which the items are unique). PROMIS scores between 45 and 55 are considered to be
within the normal range for the US general population. Thus, patients reported lower physical
function, and higher pain interference than expected.
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Very few patients triggered alerts for high levels of depressive symptoms (JH: 20 of 596
total depression scores; HSS: 10 of 240 total depression scores; UAB: 0 of 74 total depression
scores).
Table 9. Baseline PROMIS Scores and Clinical Indicatorsa
Domains for scores and
clinical indicators

n

Missing

Mean

SD

Minimum

Maximum

Physical Function 20a

346

2

41.4

9.7

21.0

62.5

Pain Interference 8a

348

0

56.0

10.4

40.7

77.0

Fatigue 7a

348

0

53.6

10.9

29.4

78.6

Fatigue 8a

348

0

54.3

11.4

33.1

77.7

Participation 8a

348

0

48.3

10.4

25.9

65.4

Physical Function

346

2

42.7

9.5

22.9

56.9

Pain Interference

346

2

56.1

10.1

41.6

75.6

Fatigue

346

2

53.7

11.3

33.7

75.8

Participation

346

2

48.6

10.0

27.5

64.2

Anxiety

346

2

50.0

9.5

40.3

75.0

Depression

346

2

48.9

8.6

41.0

79.3

Sleep Disturbance

346

2

51.2

10.1

32.0

73.3

Patient global assessment
of disease activity (0-10)

346

2

3.2

2.6

0.0

10.0

CDAI (0-76)

340

8

10.3

7.9

0

47.0

MD global assessment of
disease activity (0-10)

344

4

1.9

1.9

0

9.0

Swollen joint count (28)

347

1

2.5

3.5

0

16.0

Tender joint count (28)

346

2

2.2

3.8

0

22.0

PROMIS short forms

PROMIS PF-29

Clinical indicators

Abbreviations: CDAI, Clinical Disease Activity Index; MD, physician; PF-29, PROMIS Profile-29; PROMIS, PatientReported Outcomes Measurement Information System.
a

For PROMIS measures, higher scores indicate higher levels of the domain being queried. Higher scores
for pain, fatigue, anxiety, depression, and sleep indicate worse symptoms. Higher scores of physical
function and participation indicate better function or participation.
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PROMIS Scores by Levels of Symptom Severity
Initial PROMIS scores by patient-reported symptom severity level (none, mild,
moderate, severe) are shown in Table 10. ANOVA revealed significant (P < 0.001) differences
across categories for all measures. Patients who classified themselves as having no symptoms
reported mean scores better than the US population mean (ie, 50).

Patient Assessments Using Health Status Anchors
We evaluated change in mean PROMIS and legacy scales using the patient health
transition question (ie, “Compared to your last visit, would you say that your arthritis is…”). As
shown in the next few tables, the transition domain could range across 5 judgments from “a lot
better” to “a lot worse.” For the PROMIS measures (the top 2 panels), “negative” changes in
pain interference and fatigue, for instance, are actually changes “for the better.” By contrast,
“negative changes” for physical function and participation denote changes “for the worse.” For
the clinical indicators, directionality may be different (eg, negative changes for the CDAI reflect
better health status). Overall, 28% of patients reported improving health status and 30%
reported worsening health status compared with their last visit.
Table 11 presents the details of mean changes and standard deviations for 3 categories
of sources of change data: PROMIS short forms, the PROMIS PF-29, and 6 clinical indicators.
Although PROMIS scores generally changed consistently with patient-reported change in health
status, the magnitude of change in PROMIS scores varied across domains.
Although there were slight differences in the magnitude of change depending on the
version of short reporting forms used (ie, 4-item vs longer forms), this is not surprising, given
the differences in questionnaire length and the lower level of precision for shorter forms.
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Table 10. Mean PROMIS Scores by Patient Symptom Severity Categories
None
PROMIS short forms

Mild

Moderate

Visit

n

%

Mean

SD

n

%

Mean

SD

n

% Mean

1

90

26

43.5

5.2

121

34

54.8

5.2 104 30

Fatigue 7a

1

47

13

38.8

6.4

137

39

48.6

Fatigue 8a

1

47

13

36.3

5.1

137

39

1

93

27

53.2

6.4

120

1

135 39

57.5

8.1

96

Severe
SD

n

%

Mean

SD

63.0

5.2

36

10

71.6

4.4

6.3 128 36

59.4

6.2

40

11

69.5

5.0

49.3

5.3 128 36

61.1

4.9

40

11

71.3

4.7

34

42.2

4.9 106 30

33.8

4.3

30

9

28.5

4.0

28

47.2

4.9

40.2

5.5

21

6

32.9

4.4

Pain rating
Pain Interference 8a
Fatigue

Functional impairment
Physical Function 20a
Participation
Participation 8a

97

28

Abbreviations: PROMIS, Patient-Reported Outcomes Measurement Information System.

43

Table 11. Mean Change in PROMIS Scores Across Patient Health Transition Categories a
A lot better

A little better

A little worse

n

Physical Function 20

37

2.6

6.7 43

0.5

3.7 118

1.1

4.2 60

−1.3

4.0 26

−2.7

4.8

Pain Interfere 8a

38

−4.2

7.9 43

−2.3

5.7 118

−0.8

6.2 61

2.3

6.1 26

2.3

7.6

Fatigue 7a

38

−1.6

9.4 43

−1.5

7.4 118

−0.3

7.0 61

1.0

6.2 26

1.3

7.5

Fatigue 8a

38

−2.1

9.4 43

−1.7

9.0 118

0.1

7.6 61

1.0

5.0 26

3.0

11.4

Participation 8a

38

2.1

6.3 43

1.5

5.6 118

−0.3

5.6 61

−0.5

6.4 26

−4.5

8.4

Physical Function 4a

37

2.4

7.1 43

1.4

4.0 118

0.0

5.1 60

−0.9

4.6 25

−2.0

5.8

Pain Interfere 4a

37

−4.0

9.1 43

−2.6

5.7 118

−0.4

6.6 60

2.1

6.0 25

2.8

7.7

Fatigue 4a

37

−2.6

9.5 43

−2.3

9.0 118

0.1

8.1 60

0.6

5.6 25

2.6

12.0

Participation 4a

37

2.6

6.8 43

1.9

5.5 118

−0.4

5.9 60

−0.6

5.9 25

−4.4

8.1

Depression 4a

37

−1.5

6.4 43

−1.5

6.1 118

−0.1

5.0 60

1.5

6.1 25

1.8

5.2

Anxiety 4a

37

−1.1

7.0 43

−2.4

6.6 118

0.0

7.4 60

1.1

6.4 25

1.3

6.6

Sleep 4a

37

−1.3

8.5 43

−1.6

5.4 118

0.5

5.8 60

−1.6

6.8 25

−0.3

7.4

CDAI

37

−2.6

8.0 42

−1.9

5.6 113

0.2

5.0 62

2.3

9.4 24

7.0

12.5

Patient global

38

−0.8

1.8 43

−0.7

2.3 117

0.2

2.3 61

0.5

2.1 25

0.8

2.4

Pain

37

−0.8

2.4 43

−0.8

2.0 119

−0.2

2.0 62

0.8

1.7 26

1.1

2.4

SD

n

SD

n

Mean
change SD

Mean
n change SD

A lot worse

Mean
change

Domain

Mean
change

The same

n

Mean
change

SD

PROMIS short forms

PROMIS PF-29

Clinical indicators
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A lot better

A little better

A little worse

n

MD global

38

−0.7

2.1 43

−0.5

1.2 118

−0.1

1.3 62

0.8

1.8 25

0.9

2.3

Swollen joints 28

38

−0.7

3.2 44

−0.8

2.9 119

0.0

3.4 63

0.3

4.2 26

2.3

6.3

Tender joints 28

38

−0.8

4.3 44

−0.5

2.5 118

0.0

2.1 63

1.3

5.5 26

2.5

6.7

SD

n

SD

n

Mean
change SD

Mean
n change SD

A lot worse

Mean
change

Domain

Mean
change

The same

n

Mean
change

SD

Abbreviations: CDAI, Clinical Disease Activity Index; Interfere, interference; MD, physician; PF-29, PROMIS Profile-29; PROMIS, Patient-Reported Outcomes
Measurement Information System.
a
The health transition question used was “Compared to your last visit would you say that your arthritis is…‘a lot better’ to ‘a lot worse?’”
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Physician Assessments of Change
Using physician ratings of health transition from the previous visit (Table 12), we noted
that changes in PROMIS scores were, on average, larger than those observed using the patient
anchors, but they also varied by domain. For example, when physicians rated patients “a lot
better,” the mean pain interference decreased by 5.1 points, and fatigue scores decreased by
>3 points. Changes in physical function exceeded the published MID of 2 units23 for “a lot
better” and “a lot worse.” Changes in clinical status by CDAI were also considerable for
improvement and worsening, as reflected in its component elements that follow in Table 12.

Patient Anchor: Symptom-Specific Transition Question
Using symptom-specific anchors (Table 13; ie, “Since your last visit, would you say that
your pain/fatigue/function/participation is a lot better to a lot worse?”), we observed a larger
change for PROMIS scores than with the patient health transition question. The magnitude of
score change varied by domain. For example, mean changes in PROMIS scores for “a lot better”
for pain interference and fatigue were greater than 5 points (respectively, −6.1 and −5.9 or
−6.1). Most patients reported they were the same; the numbers of patients reporting they were
a lot better or a lot worse were smaller than those reporting a little better or worse.
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Table 12. Mean Change in PROMIS Scores by Physician Health Transition Categoriesa
A lot better
PROMIS domains and
clinical indicators

A little better

n

Mean
change

SD

Phys Function 20

14

2.4

Pain Interfere. 8a

15

Fatigue 7a

The same

A little worse
SD

n

Mean
change

SD

n

Mean
change

SD

n

Mean
change

5.8

59

−0.1

4.3

138

0.8

4.6

49

0.0

−5.1

5.9

59

−1.9

6.0

138

−0.5

6.8

50

15

−3.1

4.1

59

−2.1

8.0

138

0.5

7.4

Fatigue 8a

15

−3.5

4.6

59

−2.1

8.0

138

0.5

Participation 8a

15

1.3

4.9

59

1.0

6.8

138

Phys Function 4a

14

0.8

4.7

59

0.4

5.0

Anxiety 4a

14

−0.6

6.8

59

−1.2

Depression 4a

14

−1.5

6.8

59

Fatigue 4a

14

−5.2

4.4

Sleep 4a

14

−3.6

Participation 4a

14

Pain Interfere. 4a

A lot worse
n

Mean
Change

SD

5.4

19

−2.0

4.0

0.9

7.3

19

2.7

6.3

50

−0.6

6.5

19

2.6

7.0

7.7

50

−0.2

7.7

19

4.9

10.9

−0.5

6.3

50

0.2

6.4

19

−3.8

5.4

138

0.1

5.5

49

0.7

5.8

18

−2.1

3.5

6.9

138

0.0

7.4

49

0.5

6.4

18

1.0

6.6

−2.2

5.6

138

0.6

5.7

49

0.2

4.9

18

3.0

4.9

59

−2.8

7.9

138

0.7

8.0

49

−0.6

8.5

18

4.8

11.5

8.5

59

−0.4

5.4

138

−0.2

6.3

49

−1.4

7.6

18

1.6

6.6

1.0

4.9

59

1.4

7.5

138

−0.6

6.0

49

0.4

6.3

18

−3.9

5.7

14

−5.4

7.3

59

−1.6

6.5

138

−0.3

6.9

49

0.9

8.2

18

2.9

6.0

CDAI

14

−8.9

9.3

59

−2.9

5.6

136

−0.4

4.9

52

5.6

8.9

19

12.9

7.0

Patient global

15

−0.9

2.1

59

−0.8

2.1

137

0.1

2.2

50

0.2

1.8

18

1.8

2.9

PROMIS Short Forms

PROMIS PF-29

Clinical indicators
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A lot better
PROMIS domains and
clinical indicators

A little better

n

Mean
change

SD

Pain

15

−0.9

MD global

14

Swollen joints 28
Tender joints 28

The same

A little worse
SD

n

Mean
change

SD

n

Mean
change

SD

n

Mean
change

1.9

58

−0.8

2.2

140

−0.1

1.9

50

0.5

−2.4

1.7

61

−0.7

1.5

141

−0.1

1.1

52

15

−3.9

4.4

61

−0.9

2.8

144

−0.2

3.2

15

−3.8

4.9

61

−1.1

2.6

143

−0.1

3.0

A lot worse
n

Mean
Change

SD

2.1

19

1.5

2.3

1.2

1.6

20

2.2

1.7

52

2.0

4.6

19

4.1

4.0

52

2.3

4.4

19

6.8

4.9

Abbreviations: CDAI, Clinical Disease Activity Index; Chg., change; Phys Physical; Interfere., Interference; MD, physician; PF-29, PROMIS Profile-29; PROMIS,
Patient-Reported Outcomes Measurement Information System.
a
The physician health transition question for arthritis is “Compared to your last visit would you say that your patient’s arthritis is…‘a lot better’ to ‘a lot
worse?’”
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Table 13. Mean PROMIS Scores by Patient Symptom Transition Ratings a
A lot better

A little better

The same

A little worse

A lot worse

n

%

Mean
change

SD

n

Mean
% change

SD

n

%

Mean
change

SD

n

%

Mean
change

SD

n

%

Mean
change

SD

34

12

−6.1

7.3

51

18

−1.1

6.1

113

40

−0.8

5.9

61

21

1.9

6.5

27

9

2.7

7.4

Fatigue 7a

19

7

−5.9

8.5

37

13

−2.6

7.5

138

48

0.0

6.4

64

22

0.2

7.0

27

9

4.3

8.3

Fatigue 8a

19

7

−6.1

10.2 37

13

−2.7

7.1

138

48

−0.3

7.1

64

22

1.5

6.9

27

9

5.6

11.0

PROMIS SFs
Pain severity
Pain Interference
8a
Fatigue

Physical function (impairment)
Physical Function
20a

18

6

2.5

7.6

33

12

2.8

4.6

166

59

0.6

4.0

48

17

−1.8

4.2

18

6

−3.4

5.3

20

7

2.2

8.0

36

13

2.2

4.9

163

58

0.3

5.6

45

16

−1.7

5.3

19

7

−7.1

9.8

Participation
Participation 8a

Abbreviations: Chg., change; PROMIS, Patient-Reported Outcomes Measurement Information System; SFs, short forms.
a
The patient symptom transition questions were, “Compared to your last visit, would you say that your pain/fatigue/physical function/participation is…‘a lot
better’ to ‘a lot worse?’”
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Assessment of Change: Distribution-Based Methods
Mean changes in PROMIS scores for all patients between visits 1 and 2 are shown in
Table 14. Mean baseline physical function scores revealed significant impairment in all
participants (about 1 SD worse than US population norms). On average, fatigue and
participation were slightly worse than the population norm, but depression was slightly better
than the population norm. Across time, mean disease activity and PROMIS scores remained
stable.
Historically, thresholds of 0.2 and 0.5 SD have been suggested to identify the smallest
detectable difference for change and MID,22,22a, 23 which correspond to changes of 2 and 5
points on the PROMIS scale, respectively. Across all domains, using 0.2 SD, from 35%-73% of
participants were classified as changing between visits. For both fatigue short forms, nearly
three-quarters of the group were classified as having changed using that same threshold. Using
0.5 SD, we observed that 17%-35% of the group was classified as changing between visits.
However, as 0.5 SD reflects a moderate effect size, its use to represent the MID has been
questioned.22,22a
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Table 14. Mean Changes in PROMIS Measures Between Visit 1 and Visit 2

n

Visit 1
mean (SD)

Visit 2
mean (SD)

V2-V1
change
mean (SD)

Physical Function
20a

284

41.7 (10.0)

42.0 (10.8)

0.3 (4.7)

155 (55)

41 (14)

Pain Interference 8a

286

55.8 (10.5)

55.3 (10.3)

−0.6 (6.8)

153 (53)

92 (32)

Fatigue 7a

286

53.4 (11.0)

53.1 (10.4)

−0.3 (7.3)

208 (73)

66 (23)

Fatigue 8a

286

54.2 (11.6)

54.2 (11.0)

0.0 (8.1)

210 (73)

70 (24)

Social Participation
8a

286

48.7 (10.5)

48.6 (10.2)

−0.1 (6.4)

164 (57)

65 (23)

Physical Function

283

43.0 (9.8)

43.2 (9.5)

0.1 (5.3)

133 (47)

45 (16)

Pain Interference

283

55.9 (10.2)

55.5 (10.0)

−0.4 (7.1)

152 (54)

100 (35)

Fatigue

283

53.6 (11.5)

53.4 (10.8)

−0.3 (8.5)

156 (55)

71 (25)

Social Participation

283

49.0 (10.2)

48.9 (9.6)

−0.1 (6.4)

106 (37)

68 (24)

Anxiety

283

49.6 (9.5)

48.4 (9.5)

−0.2 (7.0)

158 (56)

62 (22)

Depression

283

48.5 (8.7)

48.5 (8.7)

0.0 (5.7)

125 (44)

48 (17)

Sleep

283

51.4 (10.1)

50.8 (9.6)

−0.6 (6.6)

100 (35)

58 (20)

Patient global
assessment of
disease activity

284

3.2 (2.7)

3.1 (2.6)

0.0 (2.3)

196 (69)

96 (34)

CDAI

284

10.4 (8.0)

11.1 (8.4)

0.6 (7.9)

186 (65)

118 (42)

PROMIS short forms

0.2 SD
n (%)

0.5 SD
n (%)

PROMIS short forms

PROMIS PF-29

Clinical indicators

Abbreviations: CDAI, Clinical Disease Activity Index; PF-29, PROMIS Profile-29; PROMIS, Patient-Reported
Outcomes Measurement Information System.

51

Summary
These results using anchor- and distribution-based methods show the range of change
in PROMIS scores derived from multiple methods that are thought to reflect MIDs. Notably, the
value of the MID varied by method, by domain, and with the direction of change. In accordance
with recommendations to give more weight to anchor-based methods, particularly those that
are patient-based, it would appear that a change of 2 to 3 points reflects MIDs for people with
RA, whereas meaningful change exceeds 3 points. Clinical indicators of disease activity also
changed across categories for CDAI and its component parts, providing a clinical anchor for the
patient and clinician-assessed change categories.

Aim 3. Seek Consensus Among Patients and Providers on How Much Change
Reflects Meaningful Improvement or Worsening of Specific Symptoms
(bookmarking activity)
Researchers commonly use anchor- and distribution-based definitions to define MIDs.
Results obtained through these methods, however, may not necessarily reflect the amount of
change that is meaningful from the perspective of people living with RA and their health care
providers in terms of making health decisions (eg, clinically relevant or clinically important
changes).

Participants
The 11 RA participants attending the bookmarking session were mostly women. They
differed with respect to age, geographical location, race or ethnicity, and disease characteristics
(Table 15). Two were RA patient advocates. The 2 patient advocates attended only the second
day of bookmarking and thus participated only in the fatigue evaluation (raising the number of
patient respondents from 9 to 11 for that symptom domain).
We had purposefully selected 8 health care providers to represent diverse perspectives
and experiences. They included a rheumatology fellow, nurses, and rheumatologists from
private practice and academic clinic settings.
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Table 15. Characteristics of Participants
Feature

Patients

Providers

11

8

10 (91)

5 (63)

Mean (SD)

55 (12)

49 (12)

Range

27-67

33-60

White

6

8

Black

3

Asian

1

Mixed race (white/black)

1

n
Sex, n (%)
Female
Age (y)

Race

Patient disease duration (y)
Mean (SD)
Range

20 (10)
4-32

Provider time in rheumatology (y)
Mean (SD)
Range

12 (12)
2-30

Threshold Setting for Severity of Pain Interference and Fatigue
In the first exercise, we asked patients and clinicians to “bookmark” severity levels of
pain interference and fatigue using vignettes distributed across a range of potential PROMIS
scores. For patients, pain interference was covered on day 1, and fatigue was covered on day 2.
For clinicians, both were covered on the same day.
We constructed these vignettes to represent the levels of symptoms experienced by a
“paper patient,” based on hypothetical responses to items found in the PROMIS item banks.
Patients and clinician participants in the bookmarking activity placed a mark to indicate the
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points where they would consider a person transitioning from no symptoms to mild symptoms,
from mild to moderate symptoms, and from moderate to severe symptoms.
In general, as shown in Figure 4, patients selected higher cut points than providers. For
none to mild (green tab), patients (indicated in blue) selected either 50 or 55 (ie, between
boxes 47.5 and 52.5, and between boxes 52.5 and 57.5, respectively), whereas clinicians
(indicated in red) selected 50. For mild to moderate (orange tab), patients placed the threshold
between 60 and 70; clinicians selected 55 to 60. For moderate to severe (pink tab), patients
chose 70 to 75 on the T-score scale; clinicians selected 65.
When selecting thresholds, clinicians reached consensus more quickly than patients. The
range for initial placement of thresholds also varied more among patients than among
clinicians.
Figure 4. Thresholds for severity of pain interferencea

a

We prepared vignettes that correlated with PROMIS scores at various levels of pain interference severity
(indicated as boxes at the bottom). Patients (in blue) or clinicians (in red) indicated where they would place
bookmarks to delineate cut points between none to mild (green tab), mild to moderate (orange tab), or moderate
to severe (pink tab) levels of pain interference.
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Similarly for fatigue vignettes (Figure 5), patient thresholds for severity levels were
highly variable, even after discussion. By contrast, clinicians quickly reached consensus about
thresholds. Patients generally selected higher thresholds (>0.5 SD on the PROMIS scale)
compared with providers. For the moderate to severe fatigue transition, most patients selected
70, which was 10 points (1 SD) higher than the clinician threshold.
Figure 5. Thresholds for fatigue severitya

a

We prepared vignettes that correlated with PROMIS scores at various levels of fatigue severity (indicated as boxes
at the bottom). Patients (in blue) or clinicians (in red) indicated where they would place bookmarks to delineate
cut points between none to mild (green tab), mild to moderate (orange tab) or moderate to severe (pink tab)
levels of fatigue.

Meaningful Changes
Pain Interference. We next asked patients and clinicians to identify change
representing meaningful improvement for individuals starting with a high level of pain
interference (72.5). We selected this level to approximate the levels of pain interference
reported by patients with high levels of RA disease activity to mimic a situation for which RA
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treatment would be initiated. Both patients and clinicians separately reached quick consensus
on a 10-point change for improvement (Figure 6, top panel).
We also asked them to identify change representing significant worsening for individuals
starting with low levels of pain interference (52.5) that would prompt them to request or
consider reevaluation of therapy (Figure 6, bottom panel). We selected this level to
approximate the levels of pain interference reported by patients seen with low levels of RA
disease activity. Whereas clinicians chose 5 points (ie, 52.5-57.5) as a meaningful change,
patients selected 10 points for the threshold required before they would seek a change in
therapy.
Figure 6. Meaningful changes in pain interferencea

a

Panelists were presented with a vignette representing a patient with a pain interference level of 72.5 on the Tscore metric (top panel) and asked to indicate which vignette would represent enough change to know that
treatment was working. Next, panelists were presented with a vignette representing a score of 52.5 (bottom
panel) and asked to indicate how much worsening in pain interference would represent a situation for which a
change of therapy would be considered. Patients are indicated in blue and clinicians in red.
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Fatigue. We next evaluated changes in fatigue (Figure 7), with the first vignette starting
with a fatigue level of 72.5. As with pain interference, this level was representative of patients
seen with high levels of RA disease activity. Patients and clinicians both rated a change of 10
points (ie, 62.5) as being clinically meaningful. For worsening fatigue, clinicians judged that a
change from 52.5 to 57.5 was meaningful; patients, however, rated consequential worsening as
being 62.5 to 67.5. This showed that patients may be more tolerant of a greater increase in
fatigue before asking for a change in therapy than the level of increase perceived by clinicians
as being important.
Figure 7. Meaningful changes in fatiguea

a

Panelists were presented with a vignette representing a patient with a fatigue level of 72.5 on the T-score metric
(top panel) and asked to indicate which vignette would represent enough change to know that treatment was
working. Next, panelists were presented with a vignette representing a score of 52.5 (bottom panel) and asked to
indicate how much worsening in fatigue would represent a situation for which a change of therapy would be
considered. Patients are indicated in blue and clinicians in red.
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Evaluation of Deliberative Process
As shown in the figures above, we observed a range of thresholds identified by patients
for each cut point. The group discussions from patients illuminated their wide-ranging views
grounded in personal contextual factors. This dynamic of special, individual perspectives and
experiences was reflected in an inability to achieve consensus about a single threshold.
Clinicians, in contrast, although starting with some variability, were able to reach consensus
about thresholds.
Patients had more similar perspectives when determining amounts of meaningful
change; they were better able to reach consensus about a single value in most instances (with
the exception of worsening of fatigue). Clinicians had less variability between their initial and
final assessments of meaningful change and came to consensus about a single value.

Group Deliberative Discussions From Bookmarking With Patients and
Providers
Patients were highly grounded in their own specific frame of reference, based on their
personal experiences of RA and the symptoms under evaluation. They engaged in considerable
discussion about how their responses might have shifted over time (ie, living with the disease
and better understanding symptom fluctuations). They also noted the degree to which they had
learned to “live with” a certain level of symptoms and how much they had become accustomed
to their “new normal.”
In these discussions, patients would try to compare themselves with the individuals and
circumstances presented in the vignettes. They also had numerous questions about the
vignettes. Examples included, “How long has the person been living with RA?”; “Where was the
patient before?”; “How bad (or well) has the patient been in the past?”; and “What is their
occupation or family situation?” The questions that patients asked reflected the importance of
individual context to assessing current state. Similar discussions were not as common among
the clinicians.
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Patients had considerable difficulty reaching consensus on thresholds for both pain
interference and fatigue. Even after robust discussion about the vignettes, patients were unable
to achieve consensus and remained quite grounded in their original impressions; we saw only
limited changes in their responses. In several circumstances, after discussion, as many people
increased their ratings as decreased their ratings; this pattern then also resulted in
heterogeneity of responses.
Clinicians’ starting bookmarks began with some spread in scores. Nonetheless, in all
cases, after discussion, they achieved consensus. Discussions centered on what they thought
about average levels of symptoms that the patient population with RA might experience.
In the combined discussion, we summarized the results shown in Figures 4-7. As we
presented each figure, we sought reactions from patients and clinicians about their
interpretation of the results. This led to robust discussions, with both patients and clinicians
providing detailed reports about their responses during their own sessions. Patients shared
additional details with clinicians concerning various individual factors, such as the length of
time they had lived with RA and the personal nature of what was tolerable in terms of a
symptom, which led to the range of responses seen for their bookmarks.
When looking at thresholds for severity, patients were reassured that clinicians were
more conservative than they were in setting their bookmarks. Patients noted that this might
lead clinicians to point out changes to them, perhaps before they had recognized a problem
themselves; it might also alert them to pay more attention to their symptoms and the
adaptations and management strategies they might have already initiated.
Patients and clinicians showed more agreement about improvement than worsening.
When we asked patients to explain the reasons that they were more willing to endure more
worsening than the clinicians, they provided several examples of how a small amount of change
could arise from many different factors other than RA. Patients also noted that they would
engage various self-management strategies to cope with a small degree of worsening. It would
take more for them to consider a change large enough to necessitate a call to a doctor for some
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type of change in therapy. Clinicians noted that they would use this information from a single
point in time as a signal that a particular symptom might indicate a potential problem that they
should follow more closely.
Both groups noted the difficulty with the exercise in terms of interpreting terms like
“sometimes,” “often,” and “always” used in the vignettes to describe symptom severity. Both
groups indicated their desire for more information in making their decisions about the
bookmarks. Both patients and clinicians discussed how these reports would likely trigger
conversations in the clinical encounter that would lead to better understanding of the
responses. The groups also both noted the challenges with the concept of fatigue as being
multifaceted, difficult to describe, and hard to treat.
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DISCUSSION
The PROMIS system was designed for use across medical conditions to provide a
population-normalized metric that covers multiple domains of physical, emotional, and social
health. PROMIS was initially used in research settings, but the system is now widely available
through EHR systems and available for use as part of clinical care. At the time we developed our
application, PROMIS had been validated in the general population, but information was sparse
about the relevance of PROMIS items to patients with rheumatic diseases, including RA. Indeed,
the limited data from specific clinical populations was identified as one of the gaps for PROMIS
at the time of the application.25 Information was limited about changes in PROMIS measures in
relation to changes in health status,26 and only recently has evidence become available about
both minimally important and meaningful changes in PROMIS measures.23,27,28
Patients with RA represent an ideal clinical population in which to evaluate the
performance of PROMIS measures given that these patients have highlighted a range of
symptoms and disease impacts that are represented within PROMIS domains. As a chronic
disease, RA has fluctuating levels of symptoms, including episodic periods of disease
exacerbations, commonly termed flares. RA patients also often have comorbidities and disease
beyond the joints. Although a small number of RA patients were included in the Wave 1 testing
of PROMIS measures,13 historical data were used with limited clinical information available.
Nonetheless, the performance of PROMIS physical function measures was superior in terms of
floor and ceiling effects and precision to legacy instruments that assess PROs. 26
We provided the first report of the use of PROMIS measures in a cohort of wellcharacterized RA patients.6 In that study, conducted in a single academic medical center, we
demonstrated that (1) people with RA experienced a broad range of symptoms and impacts
that could be reliably measured with PROMIS; and (2) physical symptoms and social
impairments increased in a predictable manner as RA disease activity increased.
During our pilot project, we also recognized that patients and their clinicians had
significant difficulty interpreting PROMIS scores and applying results to clinical decision-making.
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For example, they had trouble understanding when symptoms were within the expected range
vs those that required further evaluation. Moreover, both patients and providers sought
information about how much change they could expect to see as disease activity worsened or
improved. Our PCORI proposal was developed with the input of a broad range of stakeholders
from our pilot project to address information gaps regarding the relevance of PROMIS items to
people with RA and how to interpret and use scores in clinical decision-making.
Our current study focused on the use of PROMIS short forms in a clinical practice
setting. While CAT versions of PROMIS measures are available and have higher levels of
precision, their use requires the ability to administer the computer algorithm at the point of
data collection, which is not feasible in many clinical practice settings. Short form
questionnaires, in contrast, can be administered on paper forms or on computers, and can be
scored rapidly using look-up tables (for paper forms) at the point of collection. We sought to
evaluate a method that would be highly generalizable. Because of the standardization of the
PROMIS T-score metric, scores between short forms and CAT results should be highly
correlated, such that the results demonstrated for changes should also be similar.

Content Validation of PROMIS Measures in RA Patients
PRO use in clinical populations requires that the content of the instruments is
appropriate in the population in which the instruments would be used.10,29 Although PROMIS
item banks were developed and debriefed in the general US population (including some
patients with RA),13 people with RA often experience extreme levels of symptoms, such as pain
and fatigue, that significantly affect physical, social, and emotional function. For example, when
evaluated in people with RA, the 13-item fatigue scale of the Functional Assessment of Chronic
Illness Therapy (FACIT) contains 3 items that RA patients judged as less relevant to them. 30
In our project, we used a combination of surveys and individual interviews in diverse
samples of RA patients to assess the relevance of PROMIS short form items. We did this using a
well-characterized cohort of RA patients seen in specialty arthritis clinics; in these patients, the
diagnosis had been confirmed, and their RA was reasonably well controlled as shown by the
clinical features rigorously collected at the clinic visit. We also used online surveys to collect
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data from a diverse sample of arthritis patients who were members of an online arthritis
community, CreakyJoints, and who received care from different providers and across settings in
the United States; one limitation of the online survey participants was that clinical data were
not available for this group. The patients in the CreakyJoints community also had higher levels
of self-reported symptoms than patients seen in the clinics.
Several findings from aim 1 (content validation of PROMIS short forms) of our study are
notable. First, we replicated our findings and those of others3-5 that show people with RA
experience many symptoms that span the full measurement continuum. These included pain
and impairments in physical function (as currently recommended for measurement in the RA
core set of outcome measures) as well as fatigue, reduced participation in social activities, sleep
disturbance, and emotional distress. These results provide further impetus to assess a broader
range of symptoms beyond pain and functional impairments when evaluating the effectiveness
of RA treatments in a clinical setting.
Our participants reported that the items and response options in specific PROMIS short
forms that we evaluated were relevant to them and reflected their symptom experience.
However, many also indicated that additional items would be useful; of note, patients advised
that the Physical Function form should specifically query fine motor function in more detail.
This was particularly true for online participants who reported more symptoms and greater
impairment from their RA than our clinic patients. Nevertheless, both survey results and
individual interviews affirmed that the items in the various short forms adequately captured
the symptoms that were important to patients in evaluating their disease control and quality of
life.
Thus, our results, collected in several hundred diverse RA patients from across the
United States who reported all levels of disease activity, contribute new evidence to support
the content validity of PROMIS short forms for Physical Function, Pain Interference, Fatigue,
and Participation. PROMIS PF-29 profile scores, which summarize these domains, along with
Sleep Disturbance, Anxiety, and Depression (4 items per domain), appear to be a realistic and
feasible approach to screening the broad range of symptoms and functional impacts that are
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most important to people with RA. Longer short-form versions offer added precision for each of
the domains.

Assessment of Thresholds of Severity for PROMIS Measures
PROMIS T-scores allow easy interpretation of scores in relation to population norms.
However, little guidance is available to help map PRO results to common symptom descriptors
used by patients (ie, none, mild, moderate, and severe levels of symptoms). Such indicators are
important to patients and clinicians in providing referents for discussion of PRO results.
We used 2 methods to identify symptom ranges consistent with patient descriptors in
aims 2 and 3. In aim 2, we used data from our diverse, well-characterized cohort to calculate
the average PROMIS scores corresponding to patient descriptors of symptoms (none, mild,
moderate, and severe levels of symptoms). In all instances, patients reporting no symptoms
had mean scores better than the population mean (ie, 50). Mild pain, function, and
participation impairments yielded scores worse than the population mean, although mean
fatigue scores were still better than the population mean. Moderate levels of symptoms
corresponded to scores exceeding 10 T-score units (ie, 1 SD) worse than the population mean.
Severe levels of symptoms were about 2 SD worse than the population mean. These results
support the known groups validity of the PROMIS measures included in this study in adults with
RA.
In aim 3, we used a standard-setting, item-based approach (bookmarking) to estimate
cut points for patient descriptors (none, mild, moderate, severe). Standard-setting studies
provide empirical evidence for cut points using a mixed methods approach; they are widely
used to make educational assessments and to identify passing cut scores on professional
examinations.7a For pain interference, the midpoint between none and mild (49.3), mild and
moderate (58.9), and moderate and severe (67.3) from the clinical sample generally
corresponded with those identified by patients and clinicians in the bookmarking study. The
midpoints for fatigue—none to mild (43.7), mild to moderate (54.0), and moderate to severe
(64.0)—were similar to those identified by clinicians from the bookmarking. However, patients
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in the bookmarking exercise identified higher thresholds than the mean values that we had
calculated in aim 2.
Since our project began, other bookmarking activities have reported thresholds of
severity for PROMIS measures. In one of these, oncology providers rated vignettes across a
range of PROMIS scales.31 In that report, cut points were reported for pain interference,
fatigue, anxiety, and depression, as judged by clinicians. Evaluating the domains that we
assessed using this method, cut points were set at 50 for no to mild pain and fatigue; at 55 for
mild to moderate fatigue and at 60 for pain; and at 70 for moderate to severe pain but at 75 for
fatigue.
A bookmarking exercise was conducted with children with juvenile idiopathic arthritis,
their parents, and clinicians for upper and lower extremity function, pain interference, and
fatigue.8 Notably, estimates varied by group (parents, patients, clinicians); parents set the
lowest scores in general. For fatigue, the cut point for no to mild symptoms was set by all
groups at 45. The cut point for moderate to severe was between 45 and 55 for parents and
clinicians but was 60 for patients. The threshold for moderate to severe was 65 for clinicians,
and 70 for parents and patients. Recently, bookmarking results from patients with various
rheumatic conditions (only 1 patient with RA) and rheumatologists32 established cut points for
physical function, pain interference, sleep, and depression. For pain interference, cut points for
patients and clinicians were set at 50 for no problems, between 50 and 60 for mild problems,
and higher than 65 for severe problems for patients and higher than 70 for clinicians.
Collectively, these results provide some guidance in terms of normative values for
patient descriptors of symptoms. Importantly, they suggest that interpretation of symptom
descriptions may differ between patients and clinicians. For patients, this may reflect a
“response shift” that can occur when patients live with fluctuating levels of highly disabling,
painful, and distressing symptoms over many years. Given the importance of adequate
symptom management to quality of life and preventing disability, this finding may suggest that
even when patients report “mild” levels of symptoms, they may benefit from closer evaluation
of whether treatment is adequately controlling RA disease activity.
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Interestingly, in standard-setting studies with other health conditions, reports suggest
that consensus was readily achieved among patients regarding cut points for symptom
descriptors. In contrast, our patients had considerable difficulty reaching consensus about
thresholds between categories. Notably, for fatigue, 1 patient was unable to distinguish among
vignettes and identify a mild-moderate cut point. Almost all patients asked for additional
contextual information (eg, how long had symptoms been at this level, what was the previous
state, how long had the person been living with RA).

Minimally Important Differences of PROMIS Measures
For use in clinical decision-making, measures must be responsive to changes in health
status. In our prior work, we demonstrated in cross-sectional analysis that PROMIS measures
increased across increasing levels of RA disease activity. Disease activity was assessed using the
composite CDAI, a measure that clinicians use to determine disease activity levels and guide
treatment decisions.6
We evaluated the minimally important differences of PROMIS measures at a subsequent
visit using distribution-based methods, clinician and patient perceptions of change in disease
activity, and patient perceptions of change in individual symptoms. PROMIS scores rose and fell
in expected directions, although the magnitude of change generally varied by the method used
and direction of change. With physician anchors, 5 points reflected meaningful improvement
(ie, a lot better) in pain, whereas 2 points reflected significant worsening. For fatigue,
meaningful improvement was about 3 points for improvement and from 3 to 5 points for
worsening. For physical functioning, meaningful change was about 2 points in either direction.
Using patient perceptions of disease activity change as the anchor (“How much has your RA
changed?”), similar magnitudes of change were evident for pain interference and physical
function, but were smaller (ie, 1.3-3 points) for fatigue.
Using symptom-specific change anchors (“How much has your fatigue changed since the
last visit?”), the amount of recorded change was larger than observed when using a disease
activity anchor. The amount of change associated with being “a lot better” was about 6 points
for pain interference and fatigue, and for “a lot worse” about 5 points for fatigue and 3 points
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for pain interference. Changes in physical function were about 2 points for “a lot better” and 7
points for “a lot worse.”
Our results for physical function approximated or exceeded those reported by Hays et al
using symptom-based anchor approaches in RA patients.23 A recent study in RA patients also
showed evidence of the responsiveness of CAT versions of PROMIS tests when new therapies
were initiated.33 In that study, the magnitude of change for these domain scores was similar to
that identified as being “a lot better” in patient symptom–anchor-based ratings of change and
clinician-assessed change in our study. However, the amount of change is less than that which
patients and clinicians in the bookmarking exercise identified as important to them—namely, a
difference of 10 points on the PROMIS scale. In oncology patients, MIDs have been reported for
various PROMIS short forms using anchor- and distribution-based methods33: 7-item fatigue (35 points); 10-item pain interference (4-6 points), 10-item physical function (4-6 points), and
anxiety and depression (3-4.5 points).

Summary of Study Findings
Results from this project contribute the first evidence of which we are aware that
supports the content validity of selected PROMIS short forms in patients with RA. However, we
note that some evidence suggests that adding physical function items querying hand and wrist
joint function may further enhance the Physical Function short form.
We also found that PROMIS measures were sensitive to both improvement and
worsening of RA, as judged by patients and physicians. In most instances, meaningful change
(ie, patients reporting a lot better or worse symptoms) ranged from 2 to 7 points. Our
bookmarking study revealed that patients had considerable difficulty reaching consensus about
which scores would represent mild, moderate, and severe symptom levels; we also saw that
their interpretation of symptom severity depended heavily on individual context, experiences,
and perspectives.
Our bookmarking study provides important complementary information to that
obtained from statistical and data-driven approaches to help make numeric scores more
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interpretable. Our study confirms that the amount of change considered meaningful to patients
and clinicians in making treatment decisions is at least as great as values previously reported
using statistical and anchor-based approaches. Although thresholds and MIDs may be
developed for use in contexts that evaluate group-level changes, at the individual patient level,
change that is meaningful may be far greater. From the patient perspective, meaningful change
more closely approximates feeling “a lot better” or “a lot worse” rather than “a little” better or
worse. Even asking what constitutes “a lot” of change may differ depending on the methods
used to link patient reports with actionable thresholds for symptom severity levels.
In the bookmarking exercise, both patients and clinicians agreed that substantial change
(ie, up to 10 points on the PROMIS T-score metric) is needed to meaningfully improve pain
interference and fatigue. For worsening disease, clinicians identified a lower threshold (ie, 5point change) than patients (ie, 10-point change) that would cause them to reevaluate the
adequacy of the current treatment.
Taken together, our results offer additional support for the relevance and
meaningfulness of change of PROMIS short forms in patients with RA as a tool to improve
communication and facilitate shared decision-making. Identifying ranges associated with
patient descriptions of symptom severity based on patient and expert judgment offers
reference values that may help clinicians improve their interpretation of symptoms and better
recognize the need for intervention. Triangulation of our results from distribution-based,
anchor-based, and bookmarking activities suggests that changes of 5 points for pain and
fatigue—a moderate effect size—are required to be viewed as meaningful and valued by
patients and clinicians.
We plan several additional analyses using the study data. First, we plan to describe in
more detail the responsiveness of PROMIS measures. This will include correlations between the
anchor questions and change scores on the different PROMIS short forms. We will also examine
additional methods for estimating MIDs beyond those used in our current study. We also plan
to evaluate the change in various PROMIS measures seen in patients initiating or tapering
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therapies. Other planned analyses include the assessment of PROMIS scores in relationship to
other comorbidities and other covariates such as age and sex.

Strengths
In this study, we engaged diverse samples of patients with RA and clinicians who treat
them. These 2 groups can use PROMIS scores as part of shared decision-making. We included
RA patients with all levels of disease activity and experiences; their characteristics ranged from
having been recently diagnosed to having lived with RA for decades, and they were recruited
from academic settings across the United States. These patients contributed to the content
validation phase and to both the cohort study and bookmarking activity. Clinicians in the
bookmarking activity included male and female physicians and other health care providers from
academic, government, and community settings with varying years of experience.
We debriefed PROMIS items using a combination of surveys and in-person interviews.
We compared the mean scores from several hundred RA patients by patient-reported symptom
severity level with data from a state-of-the-science standard-setting approach to identify
clinically relevant thresholds and changes associated with meaningful improvement and
worsening of symptoms.
Bookmarking uses vignettes derived directly from patient responses to PROMIS items.
We asked patients and clinicians to rate symptom severity levels using vignettes, thus providing
personal and expert context for interpreting results. We constructed vignettes using 5 items
from PROMIS item banks for each domain. Patient research partners and experienced
investigators independently reviewed all vignettes to assure their relevance and clarity. We also
compared the scores of patients with those of clinicians to evaluate concordance and
differences in thresholds across the full range of each symptom.

Limitations
Although we used a screening questionnaire to identify patients with RA for the online
sample, we were unable to confirm the diagnosis of RA in these participants. Almost all the
online participants were well-educated and white and had higher levels of reported symptoms
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than the clinic population. Our multisite cohort was drawn from academic health centers where
treat-to-target approaches were used and patients had long-standing disease that was
relatively well controlled. Bookmarking participants were recruited mostly from the BaltimoreWashington area and had participated in other RA studies.
Bookmarking exercises are resource-intensive and expensive. They require a significant
time commitment from the participants and highly experienced moderators with specialized
experience who can guide and direct conversations. As we saw from our own activity, the
amount of material that can be covered even over 2 days is limited, such that we were able to
discuss only 2 of the 3 domains we had planned to cover. Although we used purposive sampling
to assemble a diverse group, different groups of patients and clinicians might well produce
different results.
An unanticipated challenge with conducting the bookmarking exercise that has not been
reported to date involved gaining consensus among participants. Our RA patients might have
experienced difficulty with the bookmarking exercise for several reasons. First, most of our
participants had long-standing disease; they differed in lived experiences, cultural and
educational backgrounds, resources, coping styles, and medications. Many told us that they
found it challenging to extrapolate beyond their own experience. Second, patients felt they did
not have adequate contextual information to interpret symptom severity. In some instances,
they had trouble relating their own experiences to the activities and scenarios described in the
vignettes. Several wrestled with the meaning of terms such as “rarely,” “sometimes,” and
“often” that we used to describe symptom frequency. Lastly, we understood very quickly that,
for RA patients, symptoms are interpreted within the context of how well their disease is
presently controlled; how bad their RA has been in the past; their experiences with
medications, including drug failures; and the current circumstances and demands of everyday
life (eg, active parenting of young children, employed in the military, retired).

How Results May Inform Decision-Makers
RA has broad-ranging impacts on domains of physical, emotional, and social health.
Results from this study contribute new information about the robust psychometric properties
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of PROMIS. Our findings increase confidence that the short forms we evaluated are indeed “fit
for purpose” in clinical settings. PROMIS short forms are relevant, responsive, and can
adequately capture RA symptoms across the continuum of severity.
MID estimates and bookmarking results on meaningfulness of data offer additional
information about the interpretation of PROMIS scores and what represents meaningful
change. This information can help clinicians and patient assess the adequacy of treatment and
patient response when new treatments are initiated. MIDs provide useful information for
researchers who are evaluating the effects of a new intervention or comparing the
effectiveness of different treatments. For decision-makers, MIDs can help identify benchmarks
that can help to evaluate the usefulness of programs and interventions. In summary,
information about PROMIS short form MIDs can facilitate quality assessments, policy making,
program evaluation, clinical trials, and comparative effectiveness research.

Generalizability of Study Findings
The findings from this study have some limitations in terms of overall generalizability.
First, we conducted these studies in RA patients only; whether similar findings would have been
seen with other forms of inflammatory arthritis (such as psoriatic arthritis or other autoimmune
diseases) is unknown. Second, we conducted our longitudinal and bookmarking studies at
academic health centers where guideline-based approaches to management are employed and
where most patients had longstanding disease with relatively good disease control. The
applicability of findings to patients with shorter disease duration and those with higher levels of
disease activity cannot be definitively demonstrated because of the smaller numbers of
patients with these characteristics. However, the longitudinal cohort was racially and
geographically diverse; it included both urban and rural patients, and patients from across the
socioeconomic continuum. These factors would improve the generalizability of our work at
least for patients with those characteristics. Finally, the bookmarking activity was conducted
with patients who primarily came from a single center and also had longer-standing disease;
still, they represented a range of races, ethnicities, and ages.
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The results from our studies in RA may be more widely relevant to patients with a range
of rheumatic diseases, in which pain caused by the specific disorder affects fatigue, function,
and participation. Studies in other chronic conditions have found similar amounts of meaningful
change using bookmarking activities. These results may also be applicable to other patient
populations with chronic systemic illnesses. We do not know, however, to what extent
concomitant illnesses and comorbidities may modify the results.

Implementation of Study Results
The results from this study have implications for clinical care settings. Our results
increase confidence in using PROMIS short forms in clinical settings to guide shared decisionmaking. The PROMIS short forms that we evaluated were relevant and meaningful to people
with RA, and they were responsive to changes in symptom status in the directions of both
improvement and worsening. We used several approaches to identify change that patients and
clinicians viewed as important and clinically relevant (ie, 2-7 points conditional on the domain
and direction of change). Incorporating PROMIS short forms into clinical care can facilitate RA
symptom monitoring, enhance communication between patients and providers, and aid in
making health-related decisions.
During bookmarking among patients, we had difficulty achieving consensus on what
constitutes meaningful change. The resulting discussion revealed that patients interpret
symptoms within the broader context of their lives, roles and responsibilities, RA history,
current level of disease control, and other personal circumstances. Some evidence suggests
that health professionals may be at risk of underestimating the severity of RA symptoms when
relying on patient reports because patient descriptors of symptom severity appear to
encompass a broader range of scores than physicians’ perceptions may cover. We concluded
that both patients and clinicians require a greater magnitude of change as evidence of
meaningful improvement or worsening than has been previously reported; our findings were
developed using a range of methods to identify MIDs.
As PROMIS measures are increasingly incorporated into clinical care settings, additional
considerations are also important. For sensitive domains such as depression, our IRBs required
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us to build in a system to alert clinicians for high scores so that they could conduct a risk
assessment. At our center, we have now integrated PROMIS short form collection into our
routine clinical care through our EHR system. With this we have built in alerts for clinicians,
informing them of any patients’ high scores on the depression measure that may signal a need
for attention.
Another challenge from PRO implementation in care settings is a need for point-ofcollection scoring of PROMIS short forms to provide real-time scores. We collected information
on tablets, which may not be available in all settings. Some large EHR systems can now
automatically score PROMIS short forms. In the absence of EHR implementation, look-up tables
require manual scoring to determine T-scores and may necessitate additional personnel to
perform this function. Many of these drawbacks are likely to change in the coming years as
technology integrates PROs more fully into the health care system.
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CONCLUSIONS
Our study aimed to evaluate the content validity, MIDs, and meaningfulness of selected
PROMIS short forms in patients with RA. We found that the items in the PROMIS short forms
for pain interference, physical function, fatigue, and participation and the PROMIS PF-29 were
clear, easy to answer, and relevant to people with RA across the full range of symptom severity
and disease activity. PROMIS short forms also demonstrated meaningful change with changes
in symptom status over time. We produced evidence showing that patients may have higher
thresholds than clinicians for what constitutes mild, moderate, and severe levels of symptoms.
The amount of change in PROMIS scores that patients and clinicians value as meaningful for
both improvement and worsening is considerably larger than earlier estimates of MIDs have
suggested.
Our findings may help patients and clinicians use PROMIS short forms to (1) monitor and
discuss the severity of common patient-valued RA symptoms, (2) interpret changes over time,
and (3) establish therapeutic goals based on the degree of symptomatic improvement
associated with treatment.
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