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News from the NIH: Person-centered outcomes
measurement: NIH-supported measurement systems
to evaluate self-assessed health, functional performance,
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INTRODUCTION
There is rapidly growing interest in the capture of
person-centered outcomes in clinical and population-
based research and in healthcare delivery settings.
Stakeholders (e.g., patients, clinicians, payers, regula-
tors, researchers) increasingly agree that person-
centered outcome measurement can accelerate the
development of new knowledge, improve the efficien-
cy and quality of care, and may also contribute to
clinician or health system performance metrics and
regulatory review of new therapies [1–3]. These out-
comes may be incorporated into both observational
studies and clinical trials, and provide salient end-
points in trials of preventive or disease-modifying
treatments, as well as behavioral or psychosocial in-
terventions. Over the past decade, the National Insti-
tutes of Health (NIH) has invested in the development
and evaluation of several measurement systems that
are now available for research and clinical use. These
include the Patient ReportedOutcomesMeasurement
Information System® (PROMIS®) [4], the NIH Tool-
box for Assessment of Neurological and Behavioral
Function (NIH Toolbox®) [5], the Quality of Life
Outcomes in Neurological Disorders (Neuro-QoL)
[6], Adult Sickle Cell Quality of Life Measurement
Information System (ASCQ-Me) [7], and the Patient-
Reported Outcomes version of the Common Termi-
nology Criteria for Adverse Events (PRO-CTCAE)
[8]. In this paper, we (i) describe each system; (ii)
highlight considerations in the design and interpreta-
tion of studies that employ one or more of these
systems; and (iii) summarize future directions for con-
tinued implementation of these systems in clinical
practice, population-based research, observational
studies, and clinical trials.

OVERVIEW OF FIVE NIH-SPONSORED PERSON-CENTERED
MEASUREMENT SYSTEMS
Historically, clinical research has suffered from a lack
of comprehensive tools to measure person-centered

outcomes that are brief, highly accurate, and valid for
comparisons across the age spectrum, and in healthy
populations and disease groups. Data integration
across studies has also been limited by the use of
different measures of the same construct. PROMIS,
theNIHToolbox, Neuro-QoL, ASCQ-Me, and PRO-
CTCAE were designed to address these issues.
All five systems measure a complement of impor-

tant health outcomes through either self-report (e.g.,
common disease and treatment-related symptoms,
function, health-related quality of life), or via
performance-based measures (e.g., cognitive, motor,
and sensory function). In combination, these systems
cover both the spectrum of health and disease as well
as more focused domains relevant within specific
diseases.
These measurement systems utilized both modern

measurement theory and classical test theory for ques-
tion development, survey construction, scoring, and
validation. For example, several systems used item
response theory (IRT) [9] to develop and administer
item banks (sets of questions) that measure different
health domains. Item banks allow for flexible admin-
istration (i.e., any number of questions in any order)
and greater precision. To ease interpretation and facil-
itate comparisons, several of the systems use a stan-
dardized T-score scoring metric (US population-based
mean of 50 and standard deviation of 10). These
systems have also made use of other innovative
methods, such as computer adaptive testing (CAT)
and conditional branching to tailor short forms, thus
reducing respondent burden and allowing researchers
to obtain precise measurement with a minimal num-
ber of items.Measures can be validly administered via
multiple modes, including web, tablet, interactive
voice response (IVR), and smartphone/handheld
devices [10, 11].
Four of the systems (PROMIS, Neuro-QoL, the

NIH Toolbox, and ASCQ-Me) are available as a suite
of tools under one research resource, HealthMeasures.
HealthMeasures is funded through a trans-NIH coop-
erative agreement facilitated by the National Cancer
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Institute (NCI) and supported by 12 NIH Institutes
and Centers. The goals of HealthMeasures are to stimu-
late use of these measurement systems by the research
and practice communities, and to transition the sys-
tems to long-term sustainability via public/private
partnerships. Developed under contract to the NCI,
PRO-CTCAE is hosted at the NCI Center for Bioin-
formatics and Information Technology. It is anticipat-
ed that in the future, the PRO-CTCAE data collection
system will interface with the NCI’s Cancer Therapy
Evaluation Program Enterprise System for clinical tri-
als data management. The five measurement systems
share many features; however they also have unique
attributes, and are designed to measure distinct
constructs (Table 1).

PROMIS®

PROMIS is a patient-reported outcome (PRO) mea-
surement system comprising item banks that measure
child and adult health across physical, mental, and
social well-being (e.g., pain intensity, physical function,
sleep disturbance, depression, anxiety, ability to par-
ticipate in social roles and activities). PROMIS mea-
sures are not disease-specific and were designed for
use across medical conditions in clinical research. The
PROMIS system includes both static (fixed item) short
forms as well as CAT. Measurement properties of
PROMIS item banks, including mode invariance,
have been extensively explored [4, 10, 12, 13].

Neuro-QoL
Like PROMIS, Neuro-QoL is a set of PRO tools
developed using IRT, that measures health across
physical, mental, and social domains for adults and
children. However, Neuro-QoL was designed to be
psychometrically sound and clinically relevant for in-
dividuals with neurological conditions. Neuro-QoL
was specifically developed and tested within clinical
populations with stroke, multiple sclerosis, amyotro-
phic lateral sclerosis, Parkinson’s disease, epilepsy, and
muscular dystrophy. Neuro-QoL enables within-
disease as well as cross-disease comparisons and is
intended for use in both neurology clinical trials and
clinical practice. Validity, reliability, and responsive-
ness have been evaluated in neurological populations
[6, 14, 15].

ASCQ-Me
Developed to complement the disease-agnostic
PROMIS system, ASCQ-Me provides systematic,
reliable, and valid PROs in adults with Sickle Cell
Disease (SCD). ASCQ-Me domains can be assessed
using both static and CAT measures and include
severity, frequency, and impact of various domains
such as pain, stiffness, sleep, SCD symptoms, social,
and emotional outcomes for individuals with SCD.
Initial psychometric testing of ASCQ-Me has been
conducted [7].

NIH Toolbox
The NIH Toolbox is a multidimensional set of mea-
sures designed tomonitor neurological and behavioral
function in four domains: cognition, emotion, motor,
and sensation. The NIH Toolbox includes participant
self-report for emotional function, but is unique in its
use of performance-based measures to evaluate cogni-
tion, sensation, andmotor function. TheNIHToolbox
has been tested for validity and reliability [5] across the
age range for which it was developed—3 years to
85 years. The goal of the NIH Toolbox is to support
rigorous measurement of functional status across the
lifespan using a range of study designs.

PRO-CTCAE
PRO-CTCAE assesses symptomatic toxicities (e.g.,
nausea, fatigue, neuropathy) experienced during and
following cancer treatment in patients on cancer clin-
ical trials. It was developed to complement and extend
the Common Terminology Criteria for Adverse
Events (CTCAE), NCI’s system for clinician grading
of treatment-related adverse effects in cancer clinical
trials [8, 16]. Approximately 10%of the adverse effects
listed in the CTCAE are subjective and can be best
assessed directly from patients [17]. PRO-CTCAE is
intended to improve precision and reliability in gaug-
ing symptomatic toxicities of cancer treatment. PRO-
CTCAE is applicable in selected cancer clinical trials
where a precise description of the symptomatic toxic-
ities experienced by patients is needed to better under-
stand treatment tolerability. Based on the anticipated
toxicity profile of a given therapy, investigators select a
subset of the toxicities (including free-text write-ins),
creating a study-specific short form. There is accumu-
lating evidence demonstrating the psychometric prop-
erties [11, 18–21], and a pediatric version is being
developed [22].

MEASUREMENT DEVELOPMENT AND IMPLEMENTATION
STAGES
Each of these five measurement systems is at different
stages of maturation along the measurement develop-
ment and implementation continuum (Fig. 1).
PROMIS, the NIH Toolbox, Neuro-QoL, ASCQ-
Me, and PRO-CTCAE have completed development
and initial evaluation (Stage I) and are progressing
through scientific activities designed to enhance our
capacity to compare and interpret research findings
across multiple study designs and populations. The
instruments in most of these systems either have gone
through or are currently undergoing validation across
the spectrum of health and disease, and in various
languages (Stage II) [18, 23]. As NIH continues to
expand the capacity for clinical research, the next
phase (Stage III), focuses on widespread adoption of
these instruments for use in clinical trials of new ther-
apies, healthcare delivery research, and observational
studies, as well as to improve the quality and patient
centeredness of care. The inclusion of these tools in
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clinical practice provides the opportunity for clinicians
to benchmark their outcomes relative to research find-
ings, and the use of harmonized measures across clin-
ical settings supports the conduct of pragmatic clinical
trials and accelerates knowledge transformation in
learning healthcare systems.

CONSIDERATIONS FOR MEASURE SELECTION—AN
EXAMPLE
Investigators select instruments from this suite of mea-
sures appropriate to their scientific aims and study
design. As an example, an investigator studying the
effects of armodafinil on fatigue, cognitive functioning,
and depression in patients who have completed treat-
ment for leukemia and are experiencing severe fatigue
chooses measures drawn from HealthMeasures and
PRO-CTCAE. For the efficacy endpoints, she selects
both self-report (PROMIS Fatigue, Depression, and
Cognitive Function item banks) and performance-
based measures (the NIH Toolbox cognitive function
measures addressing attention, processing speed, and
executive function). These will be gathered at baseline;
1, 3, and 6 months after treatment initiation; and at
treatment discontinuation. To capture the tolerability
of armodafinil, the clinician-investigator will grade
adverse treatment effects using the CTCAE and will

employ selected items reflecting symptomatic toxicity
drawn from PRO-CTCAE (specifically anxiety, dizzi-
ness, sweating, insomnia, headache, and muscle weak-
ness), administering PRO-CTCAE at baseline, weekly
during the first 8 weeks of treatment, and monthly
thereafter. Mixed linear models will be used to exam-
ine change over time in PROMIS and the NIH Tool-
box measures; PRO-CTCAE data will be summarized
using descriptive statistics.

OPPORTUNITIES AND CHALLENGES
It is anticipated that the availability of valid, precise,
efficient, standardized self-report and performance-
based measures will advance scientific discovery, en-
hance our ability to evaluate the effectiveness of alter-
native interventions and treatments, strengthen our
national capacity to survey and monitor treatment
effects over time, and improve patient-provider com-
munication and decision-making in care delivery. Giv-
en that these tools are developed for use across dis-
eases, they are also well-suited to capture the unique
burden of illness and treatment that is added in the
setting of multiple chronic conditions. However, con-
tinued research using these measures is needed to
address current limitations and hurdles. These include
incomplete coverage of all relevant PRO domains,

Fig. 1 | Measurement development along the translation science continuum
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psychometric challenges with IRT (e.g., dimensionali-
ty), sparse research on cut-points, and population rep-
resentativeness (low literacy, low educational attain-
ment, minorities) in validation studies. Further, efforts
are also needed to sustain these systems over the long-
term to support increased accessibility and adoption.
The availability of these rigorously developed mea-

surement systems creates a common currency for the
evaluation of person-centered health outcomes. These
systems support data harmonization across studies and
settings, ease of interpretation, and reduced patient/
participant burden. Adoption of these measurement
systems enables economies of scale and enhanced
efficiency and accelerates the knowledge generation/
knowledge application cycle.
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