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Abstract

Background—The Patient-Reported Outcomes Measurement Information System (PROMIS) is
aNational Institutes of Health initiative to devel op item banks measuring patient-reported
outcomes (PROs) and to create and make available a computerized adaptive testing system (CAT)
that allows for efficient and precise assessment of PROs in clinical research and practice.

Aims of the Study—Based on the presentation from a symposium on “ Evidence-based
Outcomes in Psychiatry: Updates on Measurement Using Patient-Reported Outcomes (PRO)” at
the 2011 American Psychiatry Association Convention, this paper provides an overview of
PROMIS and its application to mental health research.

Methods—The PROMIS methodology for item bank development and testing is described, with
afocus on the implications of thiswork for mental health research.

Results—Ultilizing qualitative item review and state-of-the-art applications of item response
theory (IRT), PROMIS investigators have devel oped, tested, and released item banks measuring
physical, mental, and social health components. Ongoing efforts continue to add new item banks
and further validate existing banks.

Discussion—PROMIS provides item banks measuring several domains of interest to mental
health researchers including emotional distress, socia function, and sleep. PROMIS methodology
also provides arigorous standard for the development of new mental health measures.

Implications for Health Care Provision—Web-based CAT or administration of short forms
derived from PROMIS item banks provide efficient and precise dimensional estimates of clinical
outcomes that can be utilized to monitor patient progress and assess quality improvement.

Implications for Future Research—Use of the dimensional PROMIS metrics (and co-
calibration of the PROMIS item banks with existing PROs) will allow comparisons of mental
health and related health outcomes across disorders and studies.

Self-report or patient-report measures have along history in the mental health field.
Questionnaire methods have been used in psychology for over a century (1). Self-report is
particularly appropriate as a measurement methodology when the information of interest is
known only to the patient or when other data sources exist but the logistics or costs to obtain
these data are prohibitive (2). There are numerous mental health constructs that are known
only to the patient (e.g. emotions, thoughts) or that are often too difficult to obtain via other
sources (e.g. social participation); however, patient-reported outcomes (PROs) appear to be
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better integrated into clinical research for medical conditions such as arthritis (4) and cancer
(5) than for mental health conditions.

Due in part to concerns about the reliability and validity of self-report from those with
cognitive deficits or emotional biases, clinical research in mental disorders hasrelied
substantially on clinical rating scales (e.g. 5). Clinical ratings are based predominately on
patient-report during the clinical interview; however, the association between self-report and
clinical ratingsis only moderate (e.g. 6), suggesting that data other than patient report
influence clinical ratings. The additional data available to the clinician (e.g. patient cognitive
status, direct observation) are generally assumed to reduce measurement error relative to
self-report, but it is also plausible that clinical raters add error to the estimate, and
measurement problems with clinical ratings are well documented. Zimmerman and
colleagues, for example, summarized numerous problems with the Hamilton Depression
Rating Scale (HDRS) including version control, overrepresentation of vegetative symptoms,
lack of aconsistent metric, and problems with anchor point descriptions (7). Recent
improvements to the HDRS have attempted to address some of these problems (8), but it is
clear that both clinical ratings and patient-reported outcomes are less than perfect estimates
of the true score, and may be better viewed as complementary rather than competitive
outcome measures.

Advances in biomarker research hold promise for developing objective indicators of mental
disorders, or at least some of the endophenotypic substrates that contribute to these
disorders. These efforts have provided important leads for better understanding the
pathophysiology and for devel oping more targeted biological treatments for disorders such
as schizophrenia (9) and depression (10,11). Despite the value of biomarkers for elucidating
the neurobiological pathways that contribute to mental disorders, their promise as surrogate
endpoints for clinical outcomesisfar from realized. In the devel opment of a methodological
and statistical framework for evaluating surrogate endpointsin mental health research,
Molenberghs and colleagues (2010) emphasized that acceptance of a surrogate biomarker
requires not only correlation with the clinical endpoint, but also that treatment of the
surrogate endpoint predicts the effect on the clinical endpoint. One implication of this
framework is that improving the reliability and validity of current clinical endpoint
measures, including clinical rating and patient report measures, will facilitate the eventual
identification and validation of surrogate endpoint biomarkers. Therefore, even among those
who envision afuture in which all mental health outcome measures are biol ogically-based
indices, improvement in our current clinical endpoint measures, including PROs, is clearly
needed.

The Patient-Reported Outcomes Measurement Information System

(PROMIS)

Since 2004, the National Institutes of Health has funded the Patient-Reported Outcomes
Measurement Information System (PROMIS). The goa of this effort isto apply state-of-the-
art qualitative item development methodology and modern psychometric theory to health
outcomes measurement development. This trans-NIH Roadmap initiative was developed in
response to the diverse array of outcome measures used in clinical research, and the
difficulty comparing and integrating data across studies using different measures of the same
construct. The objectives of the PROMIS initiative are to:

1. Develop and test large banks of items measuring PROs;

2. Create acomputerized adaptive testing system for efficient, psychometrically
robust assessment of PROs in clinical research on awide range of clinical diseases;
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3. Createapublicly available system that can be added to and modified periodicaly,
and that will allow researchersto access a common repository of PROs and
computerized adaptive testing (13).

The first project period (2004-2009) or “PROMIS|” consisted of a cooperative agreement
with six project sites and a statistical coordinating center. The PROMIS | cooperative
network devel oped, evaluated, and released item banks for adults measuring Physical
Function, Pain Interference, Pain Behavior, Fatigue, Sleep Disturbance, Sleep-related
Impairment, Depression, Anxiety, Anger, Social Role Function, and Satisfaction with Socia
Role Function. In addition to these cooperative network projects, individual projects
included development and evaluation of pediatric item banks that paralleled many of the
adult item banks, evaluation of the relationship of various reporting periods, effects of
different modes of administration, and arange of other studies. Perhaps most significant for
the dissemination and implementation of these item banks, the Statistical Coordinating
Center, with input from the network, developed an Internet-based item bank administration
and scoring system, Assessment Center, that allows clinical researchers and other end-users
to select and automate administration and scoring, including the capability of computer
adaptive testing in which the next item administered is based on the responses to the prior
items (14).

The second project period (2009-2013) or “PROMIS 11" significantly expanded the
PROMIS network to 12 sites and 3 centers (network, statistical, technology) to further
validate the item banks developed in PROMIS | and develop new item banks for additional
constructs. The PROMIS I network has continued the work begunin PROMIS | on
evaluating the concurrent validity, construct validity, and sensitivity to change in various
patient groups. The PROMIS 11 network also has begun development and testing of a variety
of additional domains including Gastrointestinal Distress, Chronic Disease Management
Self-efficacy, and a number of pediatric domains including Experience of Stress, Positive
Affect, and Life Satisfaction. Details of the PROMI S initiative can be found at
Www.nihpromis.org.

The PROMIS Menta Health item banks released for use currently include three negative
emotion item banks - Depression, Anxiety, and Anger - for adults and children, Positive and
Negative Psychosocia 1lIness Impact Item Banks, and Applied Cognition (General
Concerns and Abilities) item banks (15). Alcohal item banks including Alcohol Use,
Positive and Negative Consequences, and Positive and Negative Expectancies are completed
and soon to be released. Although technically considered part of the Physical Health
component, the sleep banks (Sleep Disturbance and Sleep-related Impairment) and the
sexual function banks have considerable overlap with mental health, as do a number of
banks in the Social Health component. A list of currently released item banks and scales are
provided in Table 1, and many of these item banks have relevance to mental health research.

The PROMIS Item Bank Development and Testing Methodology

In addition to developing assessment tools for clinical research, the PROMIS network also
has had arole in refining standards for the devel opment and evaluation of patient-reported
outcome measures. The network has taken a thoughtful and empirically-based perspective to
develop and refine the stepsin the PROMI S item bank devel opment and evaluation process,
cognizant that these steps may be cited as a standard for future development of IRT-derived
item banks measuring health and illness constructs. Details of this methodology have been
published elsewhere, (e.g. 16-19), but the following description and Figure 1 provide an
overview of the PROMIS item bank development and testing process.
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The PROMIS methodology for item bank development begins with the development of a
domain framework based on literature review, expert input, and the analysis of existing
datasets. The PROMIS domain framework has evolved as new item banks are added and
data on relationships of the various domains are further explored. The domain framework
uses the World Health Organization model of physical, mental, and social well-being as the
primary components of health (20). Within each of these components are subcomponents.
Within mental health, for example, there are affective (e.g. emotional distress), cognitive
(e.g. concentration, memory), and behavioral (e.g. substance abuse) subcomponents. Within
these subcomponents reside the unidimensional domains or subdomains that are represented
by their respective item banks. The framework is a nested structure in which domains and
subdomains can be generally subsumed under their higher order components and
subcomponents, but the framework does not assume exclusivity within any higher order
construct. For example, both sexual function and sleep function reside within the physical
health component, but there are mental health, and in the case of sexual function, also social
health relationships to these banks (21).

After generating the conceptual framework for the construct of interest, an item pool is
developed based on literature review of existing measures (e.g. 22) and generation of
additional item content from patient focus groups (e.g. 23). The resulting pool of itemsis
organized into the various facets of the construct to derive representative item content for
each identified facet of the construct. The resulting item content is revised and formatted for
consistency of item stems and response options. These items are reviewed and further
revised to improve readability and to facilitate future transl atability to other languages. The
items are subjected to cognitive interviews with participants representing likely respondents
to assess the item comprehension and to revise or eliminate items that produce respondent
confusion or responses inconsistent with the intent of the item (17). Intellectual property
review is performed to identify any derived items that closely resemble a unique copyrighted
item. In these cases, permission for use is sought and items are excluded if permission is not
obtained.

To not overly burden test respondents, the resulting item pool is further reduced to a testable
subset of items that best represent all of the facets of the construct. In the case of theinitial
PROM IS testing, a combination of full-bank and block (subsets of items from multiple
banks) testing was performed to evaluate the numerous item pools within and across
domains (16). The entire testing sample for theinitial PROMI S effort included 21,133
participants to insure a minimum of 500 participants responding to each tested item. The
general population sample was obtained from an Internet polling panel (Y ouGov Polimetrix)
and augmented by clinical samples from the various PROMI S sites to ensure adequate
coverage of the more severe range of the construct being assessed. In addition to IRT
calibration using the full sample, a scale-setting subsample representative of the U.S.
population was used for norming purposes and to set the T-score metric (mean =50, SD =
10) (24).

Following testing, the items were analyzed using arange of classical and modern item
analysis to examine montonicity, scalability, and dimensionality (18). IRT calibrations were
determined using the graded response model and IRT model fit was assessed. Differential
item function (DIF) for gender, age, and education also was performed and items with DIF
were excluded (18). These analyses were then reviewed by content and psychometric teams
to select theitemsto be included in the banks.

Since in most cases the resulting item banks consisted of only approximately half of the
items tested, the resulting item banks were further reviewed by expertsto assessif the
resulting item banks continued to adequately represent the domain names and definitions,
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and further revisions of the domain names and definitions were performed based on this
feedback (25). Based on the psychometric properties of the individual itemsand CAT
simulations, static short forms were developed as an dternative to CAT administration.

In addition to the content validity methods outlined above, existing legacy measures
included in theinitial calibration testing were used to assess concurrent validity. Ongoing
validity studies are testing construct validity and sensitivity to change of the PROMIS item
banks.

Implications of the PROMIS Methodology and Results

Comparability of Measures via IRT Methodology

The application of Item Response Theory (IRT) is central to the PROMIS measure
development effort. IRT is alatent variable modeling approach to measurement
development and analysis, and is generally consistent with classical test theory and
development, but offers a number of benefits over classical test development including: a)
the ability to scale both people and items on the same metric, b) methods to better
characterize and minimize measurement error, ¢) integer scaling, and d) the flexibility of
item administration that allows for computer adaptive testing (CAT) in which subsequent
item administration is based on the information obtained from the previously administered
items (26,27). PROMIS s clearly not the first to apply Item Response Theory (IRT) to
mental health constructs. IRT has along history among mental health measures, and a
number of classically-devel oped instruments have been evaluated using IRT methodology
(28,29) to elucidate the psychometric properties of the items and to facilitate more efficient
and precise administration via CAT (30,31). PROMIS is unique, however, in the pooling of
item content across al known measures of a health-related construct and the utilization of
IRT methodologies to create asingle item bank that can be cross-calibrated with existing
legacy measures of the construct.

Thelinking or cross-calibrating of existing and future instruments to the PROMIS item
banks s critical to understanding why the development of yet another measure solves the
problem of having too many different measures. A common strategy to address
comparability and data integration or harmonization across studies has been to identify a
common or consensus measure of a given construct that can then be used in most research.
There are numerous recent efforts that have utilized this strategy in research (e.g. 32) and in
clinical practice (e.g. 33). Assuming that everyone agreed to use the consensus measure in
all future research, the identification of a consensus measure does address measurement
comparability across future studies, but does not address the lack of comparability across
prior studies or between prior and future studies. More importantly, as measurement science
advances and better measures are developed, it is unclear if the new measure should become
the consensus measure, sacrificing comparability with prior research, or if the current
consensus measure should be retained, sacrificing improved reliability and validity.

One method to address these issues is to have a common scale or metric that al instruments
or measures use to express their results. Blood pressure measurement is illustrative of this
type of approach. Systolic and diastolic blood pressures are measured in mmHg. This scale,
or metric, isthe result of traditional sphygmomanometers that used the height of a column of
mercury in mm to reflect the circulating pressure (34). Mercury is not used in current
aneroid and electronic blood pressure devices, but these newer instruments still calibrate
their raw output to the standard mmHg scale. By separating the scale from the method or
instrument used to estimate a person’ s value on that scale, researchers have been ableto
compare blood pressure measurement across devices, between studies, and over time. The
various instruments and methods for measuring blood pressure differ in their precision, but
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all produce an estimate on the mmHg scale. This approach also allows researchersto select a
more efficient, albeit less precise method to estimate blood pressure should their research
guestion not require the same level of precision as a hypertension trial. Practitioners also
benefit from a single mmHg scale for expressing blood pressure that can be easily applied to
treatment decision algorithms regardless of the method and instrumentation used to
determine mmHg. By alowing the method and instrumentation to vary and evolve while
holding constant the scale on which al blood pressure measurement is expressed, blood
pressure measurement can be harmonized and integrated across prior, current, and future
studies that measure blood pressure.

The PROMIS initiative takes a similar approach of setting a scale and then cross-calibrating
prior legacy measures and all future measures to that scale. Instead of selecting a chosen
measure from among the existing measures of a given construct, the IRT-based PROMIS
item bank development process has created a common metric or scale on which the
PROMIS item bank or any existing measure of the same construct can be cross-calibrated.
PROMIS investigators are currently working to cross-calibrate a variety of existing PRO
instruments with the PROMI S item bank scale so that these existing instruments can be
compared on the same scale. More importantly, as PRO measurement science advances,
more precise and efficient measures can be developed and expressed on the same scale,
maintaining comparability across studies and providing a standard scale for clinical decision
making that can be retained as new measurement instruments or procedures are introduced.

Unidimensional Measures and Multi-dimensional Constructs

One challenge in the devel opment of item banks measuring mental health constructs such as
depression and anxiety isthat a core IRT assumption is unidimensionality of the underlying
construct. Depression and anxiety, however, are highly related domains (35). Bifactor
models have been developed to address this issue (36); however, when bifactor and
unidimensional factor models were used on the PROMI'S depression and anxiety item pools,
comparable fits were found, resulting in selection of the more parsimonious model of
separate but highly related banks for depression and anxiety (15).

The other unidimensional challenge of the emotional distress item banksisthat, while these
banks are unidimensional and were developed to assess outcomes, not to diagnose, the
diagnostic classifications associated with these banks are multidimensional in nature.
Anxiety and depression have been conceptualized as parts of atripartite model (35) with
various facets including affective, cognitive, somatic, and behavioral dimensions. The
PROMIS investigators attempted to balance the IRT demands of unidimensionality with the
potential multidimensional content assumed to be integral to these constructs, and this effort
for the emotional distressitem banksiswell described elsewhere (15). The resulting
PROMIS Depression and Anxiety item banks fit the unidimensional model well, but may
underrepresent some facets or attributes traditionally considered part of the diagnostic
construct. The Depression item bank, for example, is comprised primarily of items assessing
affective (I feel sad) and cognitive (I feel worthless) facets of depression. Somatic items
such as psychomotor functioning, appetite, and sleep did not have sufficient fit to be
included in the Depression item bank (15), afinding consistent with other IRT analyses of
depression items (e.g. 37).

A practical benefit of this psychometric result is that the PROMIS Depression item bank can
be used to measure depression in medical populations with minimal confounding from
somatic items that may be the result of amedical condition other than depression. Ongoing
studies are evaluating the relationship of the PROMIS Depression bank to existing legacy
self-report and interview measures (e.g. HAM-D, PHQ-9) that include these somatic items.
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These data should help determine if the PROMIS Depression bank performs comparably to
existing measures that include somatic items.

Thefailure of these somatic items to fit within the PROMIS Depression item bank also has
important theoretical and conceptual implications. For example, sleep disturbance, while
highly associated with the affective and cognitive facets of depression, may not be part of
the core depressive syndrome. Substantial evidence indicates that sleep disturbance
frequently predates the onset of depression, often by years (38) and has been shown to
persist after the other depressive symptoms have remitted (39). Therefore, sleep disturbance
may be highly related to depression but may not be a core symptom. Logically, one would
not expect sleep, appetite, and psychomotor functioning to be discriminating symptoms of
depression. In addition to being symptoms for a variety of medical conditions other than
depression, these are also “ Goldilocks symptoms” in the sense that a patient can meet the
diagnosis of Major Depression by having “too much”, “too little”, or “just right” levels of
these somatic symptoms. Somatic symptoms are still clearly of clinical importance, and
PROMIS has developed a separate item bank measuring sleep disturbance, but the failure of
these items to fit within the PROMI S depression item bank suggests that affective and
cognitive symptoms may be more core to a major depressive syndrome than somatic
symptoms.

Another potential benefit of constructing unidimensional mental health constructs is that
these unidimensional constructs may clarify phenotypes that can be associated with
genotypes and other pathophysiological studies of mental health mechanisms. The National
Institute of Mental Health (NIMH) has an ongoing initiative, the Research Domain Criteria
Project (RDoC) to develop aresearch classification of mental disorders based on dimensions
of observable behavior and neurobiological measures (40). It isintended to serve asa
framework to guide classification of patients that can be directly linked to genomics,
neuroscience, and behavioral science to facilitate etiological research. The major domains
being developed by RDoC are Negative Valence Systems, Positive Va ence Systems,
Cognitive Systems, Systems for Social Processes, and Arousal/Regulatory Systems. (http://
www.nimh.nih.gov/research-funding/rdoc/nimh-research-domain-criteria-rdoc.shtml).
Although RDoC has largely excluded patient report from current considerations, the
PROMIS effort to define single dimensional item banks, and the development of a
unidimensional depression item bank, is consistent with the RDoC effort. The RDoC effort
isalso intended to be complementary, not competitive, with the clinical diagnosis effort of
Diagnostic and Statistical Manual —V (DSM-V).

PROMIS and the DSM-V

The DSM-V field testing includes the testing of cross-cutting dimensional measures which
include selected PROMI S item banks. The aim of this effort is to augment the categorical
diagnostic criteriawith dimensional measures to provide additional information that assists
the clinician in assessment, treatment planning, and treatment monitoring (41; see Narrow et
al. in thisissue for a detailed description of this effort).

Summary and Implications

The PROMI S initiative provides mental health researchers with measurement tools that can
be utilized in arange of research and clinical settings. For highly precise measurement of
primary outcomesin clinical trials, the static short forms or CAT can be used to provide
precise estimates of depression, anxiety, anger, sleep disturbance, and other related health
constructs. For survey research, small subsets of items from a bank can be used to provide a
less precise estimate, but one that can be compared to longer and more precise forms of the
bank. The reduced respondent burden, particularly of CAT administration in which highly
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precise estimates can be obtained with relatively few items, and the ability to administer
these items remotely via the web, also makes the PROMI S item banks useful for monitoring
outcomesin clinical practice. Patients can complete the measures online at specified time
points during treatment and the results can be reviewed immediately by their mental health
professional who can adapt treatment as needed. Results from the DSM-V field trials
utilizing PROMI S short forms to assess cross-cutting dimensional constructs should provide
additional data on the usefulness of these measures in clinical practice and their relationship
to categorical diagnoses.

Theinclusion of PROMIS measuresin clinical care not only benefits clinical care, but also
has significant benefit for health services and health economics research. Mental health
services and economics research has been hindered by the lack of dimensional outcome
measures in clinical records (42). As aresult, outcomes are often based on clinical notes
indicating the presence or absence of a particular diagnosis. Adoption of PROMIS item
banks as outcome indicesin clinical practice would provide precise dimensional measures of
change over time documented in health records. Even if other outcome measures are used in
clinical practice, co-calibration with the PROMIS item bank will allow these datato be
compared across practice settings. PROMIS is a measurement tool that has considerable
potential to improve outcome measurement in mental health research and clinical settings.
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Figure 1. Flowchart lllustrating the PROM IS Item Bank Development M ethodology
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Table 1
Currently1 Released PROMI S Item Banks and Scalesfor Adultsand Children

Adult Item Banks
Physical Health
Pain Behavior
Pain Interference
Fatigue
Physical Function

Sexual Function”
Sleep Disturbance
Sleep-Related Impairment

Mental Health
Anxiety
Depression
Anger
Psychosocial 11Iness Impact- Positive
Psychosocial IlIness Impact — Negative
Alcohol Use
Alcohol — Negative Consequences
Alcohol — Positive Consequences
Alcohol — Negative Expectancies
Alcohol — Positive Expectancies
Applied Cognition — General Concerns
Applied Cognition — Abilities

Social Health
Ability to Participate in Social Roles and Activities
Satisfaction with Social Roles and Activities
Emotional Support
Instrumental Support
Informational Support
Companionship
Social Isolation

Child Item Banks

Physical Health
Fatigue
Asthma Impact
Upper Extremity Physical Function
Mobility

Mental Health
Anxiety
Depressive Symptoms

Anger
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Social Health
Peer Relationships

lAs of November 28, 2011

*
The sexual function domain includes a number of item banks and pools including interest in sexual activity, vaginal discomfort, lubrication,
erectile function, orgasm, global satisfaction with sex life, sexual activities, anal discomfort, therapeutic aids, and interfering factors.
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