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Abstract
In order to fully capture the impact of a disease or condition on the lives of individuals, patient-
reported outcomes (PROs) are considered a necessary component of health measurement in
rehabilitation. This article provides an overview of the involvement of rehabilitation stakeholders
in the development of sound measurement tools for the Patient-Reported Outcomes Measurement
Information System (PROMIS), a National Institutes of Health-funded initiative. PROMIS is a
multi-site study that included many different populations. Here we focus on the involvement of
people with several chronic conditions, including multiple sclerosis, spinal cord injury, and
arthritis in the development of PROMIS measures. We describe both qualitative and quantitative
methods used, including expert panels, focus groups, cognitive interviews and item response
theory modeling, which resulted in enhanced utility of PROMIS measures in rehabilitation. The
measures include a set of global health items and twelve item banks representing six domains.
Scores are reported in the T-score metric (Mean = 50, SD=10) and centered on means from the
U.S. general population. The PROMIS item banks measure quality of life and symptoms of people
with chronic conditions and have the potential to enhance research and clinical practice by
facilitating comparisons of scores across domains and populations.
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A patient-reported outcome (PRO) is defined as “a measurement of any aspect of a patient's
health status that comes directly from the patient (i.e., without the interpretation of the
patient's responses by a physician or anyone else).”1 In recognition of the important role that
PROs play in health research, the Patient-Reported Outcomes Measurement Information
System (PROMIS) was funded by the National Institutes of Health in 2004 to develop a
psychometrically sound and clinically meaningful measurement system of PROs. PROMIS
is based on the World Health Organization’s (WHO) definition of health: “a state of
complete physical, mental and social well-being and not merely the absence of disease or
infirmity.”2 In emerging synergy with the WHO’s International Classification of
Functioning, Disability and Health (ICF), which provides a classification taxonomy to
organize components of function, disability and health, PROMIS instruments provide a
means to measure health related concepts with a focus on the individual’s perceived health
experiences.3 Using state-of the art qualitative and quantitative methodology, twelve item
banks covering six domains of perceived health were developed in the first PROMIS
funding cycle between 2004 and 2009.4 Data on all items in the banks have been collected in
large samples from both community and clinical populations, including samples of people
with chronic conditions. For each domain, computerized adaptive testing (CAT) and 6- to
10-item short form (SF) formats are available. The work by the PROMIS network has been
documented extensively on the website (www.nihpromis.org) and in numerous
publications.5–17

The critical role outcomes research plays in rehabilitation has been acknowledged. As stated
by Johnston and colleagues,18 “By definition, outcomes are central to medical rehabilitation.
Nothing, then, can be more essential to research in medical rehabilitation than outcomes
research,” (p.1). This article describes the involvement of various rehabilitation stakeholders
in the development of PROMIS item banks and provides examples of how PROMIS
instruments can be effectively used in rehabilitation research. The PROMIS project is
complex and involves many facets. We highlight aspects of PROMIS development and
application that relate to a variety of stakeholder groups and research methods. Sources for
the detailed methodologies are referenced. First, we outline the role of PROs in
rehabilitation research, and then we describe how perspectives of clinicians and people with
chronic conditions were included in the development and testing of item banks. Lastly, we
offer a preview of current and future efforts aimed at ensuring that the PROMIS tools are
relevant to rehabilitation populations.

THE ROLE OF PATIENT REPORT IN REHABILITATION RESEARCH
Prior to the introduction of the concept of PROs, health measures predominantly targeted
pathophysiologic disturbances focusing on death, disease, and disability.19 While such
measures of impairments of body functions and structures are useful to describe and
categorize the course of a disease or condition, they fail to fully capture the impact of a
disease or condition on the lives of individuals. The dimensions of health that PROs
measure, including quality of life and aspects of social and mental health, tend to be
experienced and perceived at the level of the individual. PROs are the best means to capture
such critical information which augments existing measures of impaired body functions and
structures,20 thus facilitating patient–clinician communication and shared decision-
making.21

In many fields PROs have been found to be as predictive, and sometimes more predictive of
survival duration than traditional prognostic factors.22–30 In rehabilitation the relationship
between symptoms and disability is often complex with many factors contributing to global
outcomes such as employment and quality of life. Patient report measures ask respondents to
report their perceptions or opinions without any interpretation or interference by a researcher
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or a clinician. Patient report measures often are contrasted with performance-based
measures. Performance-based measures ask participants to perform a task, such as walking
20 feet, and record the performance by, for instance measuring the time or the number of
correct responses. Typically, patient report and performance measures have not been found
to be highly correlated.31

Brouwer et al32 and Reneman et al33 suggested the possibility that patient report and
performance-based measures access different information. More important than the degree
to which patient report and performance-based measures correlate with each other is
whether they identify outcomes of interest. For example, PROs have been found to identify
changes in health status overlooked by so-called “objective measures.”34 An important
consideration in clinical trials is whether the chosen measures are both sensitive and
responsive to change in the outcome of interest.35 Latham and colleagues (2008) found that
performance-based and patient report measures were equally and adequately sensitive and
responsive to change.36 More longitudinal research is necessary to better understand
predictive validity of performance-based measures as compared to PROs in order to select
measures that are most predictive of future outcomes of interest to rehabilitation researchers.

INVOLVEMENT OF REHABILITATION STAKEHOLDERS AND VARIED
RESEARCH METHODS IN PROMIS ITEM BANK DEVELOPMENT

The development of PROMIS item banks followed detailed protocols approved by the
PROMIS network. The process involved numerous steps which have been described
elsewhere.8 The University of Washington Center on Outcomes Research in Rehabilitation
(UWCORR) in Seattle was the PROMIS research site that focused on measurement in
rehabilitation populations. All focus groups and cognitive interviews conducted at
UWCORR involved people with chronic conditions. Here we describe: (1) involvement of
rehabilitation professionals in expert review; (2) focus groups with people with chronic
conditions to evaluate the impact of pain, fatigue, and physical function limitations on life
activities and experiences; (3) cognitive interviews with people with chronic conditions to
evaluate the function of PROMIS pain items; and (4) work to adapt PROMIS physical
function items for users of assistive technology.

Expert Panels
PROMIS convened panels of experts for each domain, called domain workgroups. The
experts were nominated from each PROMIS research site and the coordinating center, and
experts from outside of PROMIS were also invited to participate.8 As part of the pain item
bank development, health care providers who work with people with chronic conditions
were involved in: (1) defining constructs to be measured, (2) identifying relevant
subdomains, (3) reviewing individual items, and (4) interpreting results from the
psychometric analyses of archival data. The team of experts consulted in the development of
the PROMIS pain bank included clinical psychologists, physicians, and other clinicians who
specialize in working with rehabilitation populations. In addition, outcomes researchers with
particular experience in developing patient report measures for rehabilitation populations
reviewed items and assisted in the development of items.

Focus Groups
The initial list of PROMIS item banks covered domains of pain, fatigue, social function,
emotional distress and physical function. In spring 2007, focus groups were conducted with
people with chronic conditions living with pain, fatigue, and/or limitations in physical
function in order to confirm domain definitions, identify common language used when
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discussing each domain, and identify any important concepts not covered by the respective
candidate PROMIS item banks.

Participants were 23 adults with a variety of chronic conditions who were recruited from the
rehabilitation clinics at the University of Washington. Recruitment procedures and detailed
methodology can be found elsewhere.37 Five outcome-specific focus groups were conducted
at the Seattle site—two each on pain and physical function and one on fatigue.
Demographics of participants are reported in Table 1 and reflect the ethnic and educational
background of patient populations at the recruiting site. Following the approved PROMIS
study protocol, each focus group was moderated by a trained facilitator and recorded by a
court-recorder. We used semistructured interviews with open-ended questions to encourage
group participation and discussion. Examples of open-ended prompts included:

1. To what extent have you been able to predict your pain/fatigue?

2. In the past 30 days, how has pain/fatigue affected your ability to carry out your
daily activities?

3. What has been the greatest impact of your pain/fatigue on your life?

4. We are interested in the best ways to ask questions about pain…

The facilitator focused the discussion on the topic at hand, ensured that all participants had
an opportunity to contribute, and summarized participants’ responses, but was otherwise
non-directive, non-evaluative and supportive.

Transcripts of focus groups were analyzed using qualitative research methodology.
Researchers carefully read the transcripts, identifying common themes and sub-themes
related to the participants’ experiences with pain, fatigue, or physical function limitations. A
series of codes associated with quotes in the transcript were used to index the data. Overall,
the focus groups found that the construct definitions were appropriate and the item banks
covered most of the relevant concepts of living with pain, fatigue, and limitations in physical
function. However, based on participant input the content of the candidate PROMIS item
banks was modified to cover all important areas identified in focus groups.

Focus group participants reported that the most relevant aspect of their pain, fatigue, and
physical limitations was interference with their abilities to function. They believed
measuring the impact of pain, fatigue, and physical function limitation on valued activities
and roles was more important than measuring the severity of these symptoms per se.
Participants observed that it is difficult to meaningfully answer questions that ask them to
separate the effects of different symptoms. For example, participants experiencing
substantial fatigue and pain found it difficult to accurately quantify the contribution of each
to social activities. These results revealed the tension between scientists’ efforts to
distinguish how each of the different constructs (e.g., pain or fatigue) contributes to patients’
experiences and the global and cumulative impact of different symptoms on valued roles and
activities. As a result, statements requiring respondents to make attributions, such as whether
their fatigue was a result of pain (e.g., because of my pain I was tired), were removed.

Participants identified predictability (or unpredictability) as an important concept that was
not well covered by the PROMIS item banks. For example, some reported that the
unpredictability of their pain or fatigue made planning for social activities difficult, resulting
in reduced social participation and the perception of others that they were “unreliable.”
Based on this feedback, new items were added to the candidate PROMIS item bank that
asked about impact of unpredictability of pain on activities.
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Once feedback from focus groups was incorporated into the item banks, the candidate items
were ready for cognitive interviews. The Seattle site only conducted cognitive interviews
with the pain items. Qualitative studies of the fatigue7 and physical function38 item banks
were handled at different PROMIS research centers and did not include the populations
directly relevant to rehabilitation.

Cognitive Interviews to Evaluate Items Measuring Different Aspects of Pain
Cognitive interviewing is a method to assess whether items are meaningful to respondents
and whether item content is perceived similarly across individuals.39 Cognitive interviews
were conducted in an effort to determine whether the experiences and perspectives of people
with chronic conditions influence their interpretation of items. In these interviews
researchers examined the processes participants used in responding to candidate items and
whether the items were understood as intended. Cognitive interviewing protocols were
based on the work of Willis.39 The sample size was based on the requirement that a
minimum of five people review each item. All candidate items were divided into sets of 30
items and each set of 30 was reviewed with 5 individuals. This sample size was considered
sufficient because of the specific focus of the cognitive interviews on item functioning. In
addition, most items for PROMIS banks were modifications of existing items rather than
newly created items, and most items had been previously examined in cognitive interviews.
Items that underwent major revisions based on the first round of cognitive interviews were
subjected to 3 to 5 additional interviews. Each item was reviewed by at least 2 participants
with less than 12 years of education and/or a measured reading level less than the ninth
grade using the Wide Range Achievement Test-3 Reading subtest; and/or a diagnosis
associated with cognitive impairment. For more information about the procedures, inclusion
and exclusion criteria see Dewalt, et al (2007).8 All participants were screened during the
consenting process by trained interviewers to assure that their cognitive functioning was
adequate to understand questions and respond meaningfully. People with mild cognitive
impairment were encouraged to participate.

Forty-four persons were recruited from rehabilitation clinics at the University of Washington
to participate in cognitive interviews of candidate PROMIS pain items. The detailed outline
of the development of the pain interference bank, including how the items were selected,
tested, and the psychometric properties of the resulting item bank can be found in Amtmann
et al (2010).40 Here we only summarize the work as it relates to the involvement of people
with chronic conditions. Demographics for participants are reported in Table 1. Cognitive
interview participants reported on average “moderate” (on a scale from none to severe or
very severe) levels of pain, fatigue and physical function limitations over the past seven
days. Some participants without pain in the past seven days were recruited to evaluate the
functioning of items for people across all levels of pain, including no pain. Many health
conditions were reported by various participants as their primary diagnoses. The most
common diagnoses were arthritis, spinal cord injury and brain injury (including stroke).

Based on expert reviews and feedback from the focus groups, a set of items measuring three
pain domains (pain interference, pain quality and pain behaviors) was created. Participants
reviewed approximately 30 items each, and were then asked what they were thinking when
they answered each question. They were also encouraged to rephrase or give alternative
wording for questions if appropriate. Based on participant feedback in the first round of
cognitive interviews, 97 of the 167 items were found to require no or only minor changes.
The remaining 70 items were rewritten and reviewed in a second round of cognitive
interviews. In addition, 5 new items referencing how pain affects sleep, mood, and work
were developed based on participant suggestions. Revised and new items were reviewed in
additional rounds (up to seven) of cognitive interviews until the items were either considered
to be acceptable or were eliminated. Final candidate item banks for pain subdomains (pain
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interference, pain quality, and pain behaviors) were administered in the PROMIS large scale
data collection.

Cognitive interviews identified problems with item clarity, timeframe, and response options.
By far the most common problems with items reported by participants were issues with
clarity. Because of difficulty understanding the meaning of specific terms and phrases, there
was substantial variation in how people interpreted questions. Thus, people may respond to a
vague item based on conceptually distinct understandings of what is being asked. Items
asking people about different pain qualities (e.g., shooting, burning) were particularly
subject to varied understandings. An example of this is the term “splitting” pain, which was
variously perceived as referring to joint and muscle pain for one person, the stomach flu for
another, and “a lot of pain” for another. Participants reported that many of these items were
difficult to understand, and items were revised where possible.

Cognitive interview participants also expressed difficulty with the 7 day timeframe and the
11-point response scale used for PROMIS pain items. Although participants were explicitly
asked to consider the past 7 days, many disregarded this instruction and substituted a
timeframe they perceived as more meaningful or appropriate, such as “in general” or “since
my diagnosis.” We also examined participant preferences for response options with
numerical versus word descriptors. Although some participants strongly preferred the 0 to
10 response option, about 40% disliked it and reported that the numbers were meaningless to
them. Overall, most participants preferred frequency responses (“never, rarely, sometimes,
often, always”) to intensity response options (“not at all, a little bit, somewhat, quite a bit,
very much”).

PROMIS Physical Function Bank and Users of Assistive Technology
One of the domains for which PROMIS developed an item bank was physical function. Our
review of the completed bank suggested that not all items were appropriate for rehabilitation
populations, especially those who use assistive technology (AT). For example, items about
“climbing stairs” and “walking a block” were not appropriate for persons who use a
wheelchair. Assistive technology is defined as any item, piece of equipment, or system,
whether acquired commercially, modified, or customized, that is used to increase, maintain,
or improve functional capabilities of individuals with disabilities.41

In 2008, the PROMIS research site in Seattle received supplemental funding to ensure that
the PROMIS physical function bank was appropriate for users of wheelchairs, mobility aids
and other AT. Three expert panels (one in Houston and two in Seattle) consisting of
occupational therapists who specialize in AT, physical therapists (including one board-
certified neurologic specialist), psychometricians, and two discussion leaders for each panel
were convened to define physical function in the context of AT use. Convenience samples of
health care providers were recruited from local health care facilities to form the expert
panels. The main recruitment consideration was that the panelists be familiar with issues of
measuring physical function in users of mobility aids and to ensure that most of the diverse
perspectives important to the task of making the item bank appropriate for users of mobility
aids were likely to be heard.

The three expert panels were unanimous and emphatic in their recommendation that
physical function be measured as what people with chronic conditions can accomplish using
the AT available to them, without regard for whether functional tasks were aided or not. In
this context, “available AT” included any physical device (e.g., brace, cane, reacher) that
assisted participants in independently accomplishing physical tasks and chores. Because of
the project’s focus on AT, personal assistants were specifically excluded from this
definition. The members of the expert panels also noted that the ability to distinguish
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between what people could do with and without AT was important in some contexts (e.g.,
improvement indicated not by increased function with support, but by reduced need for AT).
They recommended, however, that we first develop an item bank that can measure a
person’s performance with AT, and then explore options for measuring abilities both with
and without AT, as well as with the help of another person.

Based on the definitions of physical function suggested by the expert panels, the research
team reviewed all PROMIS physical function items and identified those that could be
problematic for users of AT (e.g., items that assumed ability to walk or run). Potentially
problematic items were modified (when possible), and new items were written to cover
content relevant to measuring physical function in the context of AT. Items that could not be
modified (e.g. items about stairs) were flagged. In future uses of PROMIS, these items will
not be administered to persons for whom they would be inappropriate.

The modifications to the physical function item bank were not intended to distinguish
between what people can accomplish with and without AT, but rather to make the existing
bank appropriate for users of AT. New and modified items were tested in several rounds of
cognitive interviews with users of AT. Based on feedback, a candidate item bank of
supplemental items to the PROMIS physical function bank was finalized and administered
to over 700 participants, divided approximately equally between multiple sclerosis (MS),
spinal cord injury (SCI), and arthritis (the numbers vary slightly depending on the missing
data for a specific instrument). Participant demographics are reported in Table 1. A subset of
unchanged PROMIS items was also administered. These served as “anchor” items for
calibrating the new items to the original PROMIS-Physical Function metric.

Item responses were calibrated using an item response theory (IRT) model. Subsequent
analyses indicated that the added items substantially improved the precision of the bank,
particularly in measuring individuals with low physical function. Because the new items do
not specifically mention AT, they are appropriate both for people who do and do not use
AT. The process of IRT as it relates to the development of CAT is described by Lai et al in
this issue. Modified banks will also be available for CAT via the PROMIS Assessment
Center, which is PROMIS’s publicly available, online, dynamic research management tool.
It contains features that promote instrument development, study administration, data
management, and storage of statistical analysis results. Assessment Center also houses a
library of instruments and items with an emphasis on health-related quality of life.42

USING PROMIS SHORT FORMS TO ASSESS PEOPLE WITH MS AND SCI
At the University of Washington PROMIS research site 11 PROMIS SFs were administered
to a sample of approximately 700 individuals with MS and SCI as a part of the longitudinal
study of the natural course of disease. A total of 76 items were administered to measure 11
PROMIS domains: Anger, Anxiety, Depression, Fatigue, Pain-Interference, Physical
Function, Satisfaction with Discretionary Social Activities, Satisfaction with Social Roles,
Sleep Disturbance, and Sleep-Related Impairment. The PROMIS SFs were administered at
the fifth time-point in a longitudinal study that measured participants on a variety of
domains, including pain, fatigue, physical function, depression, anxiety, and sleep, every
four months using paper-and-pencil surveys. Demographics for this sample are reported in
Table 2. We note that the results come from a longitudinal study using a sample that was not
specifically recruited to be representative of MS and SCI populations in general. We present
the results here to demonstrate how PROMIS scores can be used to examine complex
patterns of symptoms and QOL indicators and compare these patterns across populations.
Table 3 lists scores on all PROMIS measures administered to the MS and SCI samples.
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One of the advantages of the PROMIS item banks is that scores are reported in a T-score
metric that is anchored to the average levels of the measured outcomes in the United States
general population (Mean=50, standard deviation (SD)=10).43 The general population
sample used for norming was similar to the population characteristics in the 2000 U.S.
Census. U.S. Census data were used as the standard to generate analytical weights to ensure
that the inferences based on PROMIS estimates would be applicable to the general
population. PROMIS specified target representation for the calibration sample in terms of
gender (50% female), age (20% in each of the five age groups: 18–29, 30–44, 45–59, 60–74,
75+ years), race/ethnicity (12.5% each for black and Hispanic), and education (10% less
than high school graduate). Equivalence testing showed similarity between PROMIS general
population and national norms with regard to body mass index, EQ-5D health index
(EuroQol group’s descriptive system of health-related quality of life states consisting of five
dimensions: mobility, self-care, usual activities, pain/discomfort, and anxiety/depression),44

and a self-rating of general health.43 A mean PROMIS-Physical Function score of 40
indicates a physical function level one standard deviation below the population mean.

The results from the MS and SCI samples are compared to the U.S. general population
sample in graphical form in Figure 1. The direction of PROMIS scores follows the name of
the bank. For example, higher scores on physical function denote greater physical function,
and higher scores on fatigue indicate greater fatigue. As the figure indicates, compared to
the general population mean of 50, our samples scored lower in Physical Function, Social
Roles (involvement and satisfaction with work and family responsibilities) and
Discretionary Roles (involvement and satisfaction with leisure activities and friendships),
and higher in Fatigue and Pain Interference. Mean scores on Depression, Anxiety, Sleep and
Sleep-Related Impairment in this sample were similar to those of the general population.
Also evident in the figure is the similarity in the score profiles of the MS and SCI samples.
The most substantial difference was in physical function. The mean score for people with
MS was approximately one SD below the general population mean, while the mean score for
people with SCI was almost two SDs below the general population mean. With increased
use of the PROMIS measures data will be collected on larger clinical samples and condition-
specific norms will be developed. Such data will facilitate score comparisons to other
clinical populations as well as to the general population.

CURRENT AND PROSPECTIVE APPLICATIONS OF PROMIS MEASURES TO
REHABILITATION RESEARCH

The use of IRT-calibrated item banks for PRO measurement offers many advantages over
traditional approaches (e.g., CAT, centering scores to the mean of the general population).
However, some rehabilitation researchers have expressed concerns regarding the
applicability and sensitivity of measures developed in generic (cross-population) samples to
rehabilitation samples.45 Use of item banks to develop disease or condition-specific SFs
may be one of the best ways to address such concerns. We recently initiated such an effort to
develop an MS-specific PROMIS SF to measure fatigue. Rehabilitation researchers believe
that fatigue is qualitatively different in MS because of its severity, sometimes sudden onset
and considerable impact on cognitive function. An MS-specific fatigue SF would provide
more evidence that PROMIS tools are appropriate for use in MS-related clinical trials.

To develop this SF, we recruited 23 clinicians to review PROMIS fatigue items and identify
the items they believed to be most relevant to fatigue in MS. We are currently collecting
data on experiences with fatigue from persons who have MS. Participants are asked to rank
items in order of helpfulness in describing their experiences with fatigue, and also asked if
there are any questions about their experience with fatigue that are not listed. When
completed, the clinician and patient rankings will be triangulated with psychometric results
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using both community and clinical sample data to develop a PROMIS-MS Fatigue SF. Once
the MS-targeted SF is developed, we will administer both the MS and general SFs to a
sample of people with MS and compare the results. This study will help us quantify the
advantage (if any) of the disease-specific versus generic measurement tools. We plan to
repeat this process with additional item banks and publish the results as they become
available.

In the future, validation studies involving all PROMIS domains and populations with
different conditions will assess sensitivity and responsiveness to change of PROMIS tools as
compared to the currently used tools. In these studies the estimation of minimal clinically
important differences (MCID) will play an important role. An MCID is the smallest
measurable difference in a particular domain that patients and physicians consider to be
clinically important.46 Instruments that are responsive enough to detect MCIDs will help to
evaluate with greater precision the effects of rehabilitation interventions. One current
validation study involves people with chronic back pain receiving epidural steroid
injections. Participants are measured on most PROMIS domains before the treatment (i.e.,
before the injection) and are then monitored for 3 months. The study will examine
psychometric properties, including sensitivity and responsiveness to change, of the PROMIS
CAT scores compared to the legacy instruments in people with back pain. This is the first
study to examine functioning of the PROMIS instruments in rehabilitation populations. Data
collection finished in spring 2010 and data are being analyzed at the time of submission of
this article.

PROMIS also developed pediatric patient report and proxy-report item banks.47–49 Children
with chronic conditions and their parents or caregivers have been involved in the
development of pediatric banks as well. A total of 196 youths with chronic conditions
participated in development of pediatric PROMIS item banks at the Seattle research site.
Participant demographics are reported in Table 4. The most common conditions reported
were neuromuscular disease, spina bifida and cerebral palsy, although a considerable
number of other conditions were represented. In addition, 125 parents or guardians
participated in the development of proxy banks. In the second cycle of PROMIS the
pediatric scores and adult scores will be linked, providing a way for measuring people across
the lifespan using age-appropriate items and obtaining scores that are on the same metric.
This will greatly facilitate longitudinal research.

CONCLUSION
PROMIS item banks have been developed to address the needs of rehabilitation researchers
with contributions from people with chronic conditions, rehabilitation clinicians, and
researchers. Patient report provides an important perspective on the disability experience
that cannot be obtained in any other way. Publicly available, psychometrically sound
instruments that can be customized for measuring specific populations or conditions have
the potential to greatly improve measurement of PROs in rehabilitation. With brief, flexible,
and sensitive instruments freely available as part of the PROMIS Assessment Center,
clinical trialists can measure the constructs that matter the most to patients and clinicians,
such as interference with valued activities. A considerable body of research was completed
in the first cycle of PROMIS, much of it highly relevant to rehabilitation. Out of this body of
research will come the published results of other validation studies, the development of
disease specific norms for all domains, and the release of pediatric item banks.
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LIST OF ABBREVIATIONS

AT assistive technology

CAT computerized adaptive testing

ICF International Classification of Functioning, Disability and Health

IRT item response theory

MCID minimal clinically important difference
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PRO patient-reported outcome

PROMIS Patient-Reported Outcomes Measurement Information System

SCI spinal cord injury

SD standard deviation

SF short form

WHO World Health Organization
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Figure 1.
PROMIS T-scores for a sample of people with MS (N=461) and SCI (N=239) compared to
PROMIS U.S. general population scores on PROMIS Short Forms. Above the line, higher
scores = better (discretionary roles, social roles, and physical function) and below the line,
higher scores = worse (pain interference, sleep disturbance, sleep-related impairment, anger,
anxiety, depression, and fatigue).
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Table 1

Participant Demographics for Focus Groups, Cognitive Interviews, and Physical Function Bank Studies

Focus Groups
(N=23)*

Cognitive
Interviews

(N=44)*

Physical
Function Bank

(N=758)

Age

mean 45 46 54

SD 11 17 14

Female 18 (78%) 26 (59%) 467 (62%)

White 22 (96%) 37 (84%) 639 (84%)

High school or > 21 (91%) 38 (86%) 710 (94%)

Employed (part-time or full-time) 4 (17%) 18 (41%) Unknown

Primary Condition

Acute bronchitis 0 1 (2%) 0

Amputation/limb deficiency 1 (4%) 0 0

Arthritis 1 (4%) 10 (23%) 216 (29%)

Blindness/low vision 0 1 (2%) 0

Brain injury (including stroke) 1 (4%) 6 (14%) 0

Cerebral palsy 2 (9%) 1 (2%) 0

Chronic fatigue syndrome 0 1 (2%) 0

Crohn’s disease 0 1 (2%) 0

Diabetes mellitus 0 1 (2%) 0

Hearing loss 0 1 (2%) 0

Hereditary nerve disorder 1 (9%) 1 (2%) 0

HIV 0 1 (2%) 0

Multiple chemical sensitivities 1 (4%) 0 0

Multiple sclerosis 5 (22%) 4 (9%) 274 (36%)

Neuromuscular disease 1 (9%) 1 (2%) 0

Post-polio syndrome 2 (9%) 1 (2%) 0

Spinal cord injury 7 (30%) 6 (14%) 268 (35%)

Systemic lupus 0 1 (2%) 0

Thalassemias (hemolytic anemia) 0 1 (2%) 0

Vestibular dysfunction 1 (4%) 0 0

Other 0 4 (9%) 0

*
Two individuals participated in both focus groups and cognitive interviews.
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Table 2

Demographic Variables for Participants with MS or SCI Who Responded to 11 PROMIS Short Forms

MS
(N=461)

SCI
(N=239)

Age

mean 51 46

SD 11 14

Women 83% 38%

White 97% 85%

High school or >

Employed (part-time or full-time) 56% 33%

Married 69% 46%

Duration of condition, in years

mean 15 13

SD 10 10
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Table 3

Short Form Scores for Participants with MS and SCI

MS
(N=461)

SCI
(N=239)

Mean SD Mean SD

Physical Function 40.22 10.21 31.53 8.74

Fatigue 56.84 9.14 53.41 8.09

Depression 50.21 9.83 50.13 9.88

Anxiety 50.47 9.60 49.67 9.22

Anger 48.35 9.35 48.47 9.93

Sleep-Related Impairment 52.55 9.24 49.48 9.4

Sleep Disturbance 50.79 10.08 50.27 10.05

Pain Interference* 57.42 8.15 57.37 7.28

Social Roles 46.12 9.63 45.53 9.23

Discretionary Roles 48.36 9.23 48.15 9.17

*
Pain Interference only measured in participants experiencing pain: MS N=369; SCI N=239
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Table 4

Participant Demographics for Youth Studies

Youth Participants
(N=196)

Age

mean 13.5

SD 3

Female 91 (46%)

White 141 (72%)

Primary Condition

Amputation/limb deficiency 16 (8%)

Arthritis 2 (1%)

Arthrogryposis 3 (1.5%)

Asthma 2 (1%)

Bladder dysfunction 2 (1%)

Brain injury 15 (8%)

Cancer 1 (0.5%)

Cerebral palsy 42 (21%)

Congenital brain malformation 2 (1%)

Congenital disorder, other 3 (1.5%)

Developmental delay 3 (1.5%)

Diabetes mellitus 2 (1%)

Guillain-Barre Syndrome 1 (0.5%)

Hereditary nerve disorder 2 (1%)

Hereditary bone disorder 2 (1%)

Lesch-Nyhan Disease 1 (0.5%)

Neuromuscular disease 38 (19%)

Pre-term stroke 2 (1%)

Spina bifida or tethered spinal cord syndrome 32 (16%)

Spinal cord injury 4 (2%)

Tuberous sclerosis 1 (0.5%)

Other 12 (6%)

Unknown 8 (4%)
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