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ABSTRACT

PROMIS (Patient-Reported-Outcomes
Measurement Information System) is
an NIH Roadmap network project in-
tended to improve the reliability, val-
idity, and precision of PROs and to
provide definitive new instruments that
will exceed the capabilities of classic
instruments and enable improved out-
come measurement for clinical re-
search across all NIH institutes.

Item response theory (IRT) measure-
ment models now permit us to transi-
tion conventional health status assess-
ment into an era of item banking and
computerized adaptive testing (CAT).
Item banking uses IRT measurement
models and methods to develop item
banks from large pools of items from
many available questionnaires. IRT
allows the reduction and improvement
of items and assembles domains of
items which are unidimensional and
not excessively redundant. CAT pro-
vides a model-driven algorithm and
software to iteratively select the most
informative remaining item in a do-
main until a desired degree of preci-
sion is obtained.

Through these approaches the number
of patients required for a clinical trial
may be reduced while holding statisti-
cal power constant. PROMIS tools, ex-
pected to improve precision and enable
assessment at the individual patient
level which should broaden the appeal
of PROs, will begin to be available to
the general medical community in
2008.

Introduction

A quarter of a century ago, Patient-
Reported Outcomes (PROs) were of
only marginal interest to rheumatolo-
gists (1,2). The term “outcome” itself
was little used. We had “dependent
variables” for our clinical trials, which
were laboratory-measured or physi-
cian-observed. The “gold standards”
were the tender joint count and swollen
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joint count, the physician global assess-
ment, grip strength, ring size, the timed
50-foot walk, the sedimentation rate,
X-rays, and disease markers such as the
antinuclear antibody titer and rheuma-
toid factor titer. Now, while some of
these measures have survived and even
prospered, a new “gold standard” for
many if not most rheumatologists has
become the patient’s own self-report.
These measures are truly “outcomes”.
They are about things that affect pa-
tients’ lives in major ways. They mea-
sure the impact of the disease process,
and they reflect patient values (3). Per-
haps closer to the heart of some trial-
ists, they often have better measure-
ment characteristics than the more tra-
ditional clinical variables, and may in
some cases be more reliable, more va-
lid, more meaningful, and less expen-
sive to obtain.

The major PRO instruments in rheum-
atology and many other disciplines
include the Health Assessment Ques-
tionnaire (HAQ) and the SF-36, de-
rived from the Medical Outcomes Stu-
dy, and we write from a long and gen-
erally successful perspective on these
instruments, which we have long used
(4, 5). These instruments have been
employed in thousands of studies,
undergone hundreds of separate vali-
dations, and each has been translated
into more than 50 languages and cul-
tures. They have become important
standards for the Food and Drug Ad-
ministration (FDA), the American Col-
lege of Rheumatology (ACR), and
OMERACT, among others. However,
they are over 25 years old and new
measurement sciences have evolved.
We have computers, the Internet, and
wireless communications. Scientific
advances in measurement and the mat-
uration of consumerism in health care
require us to re-examine PRO assess-
ment and “raise the bar” to further ex-
tend the application of these concepts
6, 7).
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PROMIS (Patient-Reported Out-
come Measurement Information
System)

In May 2002, National Institutes of
Health Director Elias Zerhouni con-
vened a series of meetings to chart an
“NIH Roadmap Initiative” for medical
research in the 21st century. The pur-
pose of the Roadmap was to identify
opportunities and gaps in biomedical
research that no single NIH institute
could tackle alone, and which could
make a significant impact on the pro-
gress of medical research. A major in-
tent was to catalyze changes that must
be made to transform our new scientif-
ic knowledge into tangible benefits for
people. A major part of the Roadmap
deals with re-engineering the clinical
research enterprise, and prominent
within this effort is PROMIS, intended
to bring the new sciences of Item Re-
sponse Theory (IRT) (8) and Comput-
erized Adaptive Testing (CAT) (9),
long used in educational testing set-
tings, to important new uses in med-
icine.

PROMIIS has been charged with devel-
oping large item banks, improving
these items, and using IRT and CAT to
develop next generation outcome mea-
sures which are meaningful, precise,
and require fewer patients in a trial to
achieve the same statistical power. The
PROMIS project began in late 2004,
with primary research sites at Stanford
University, Duke University, Universi-
ty of North Carolina-Chapel Hill, Uni-
versity of Washington, University of
Pittsburgh, and Stonybrook University,
and with a statistical coordinating cen-
ter at Northwestern University. This pa-
per is intended in part to provide some
background regarding this project and
to introduce IRT and CAT concepts to
many readers, but also to indicate some
early results in defining a process; to il-
lustrate a number of issues, such as uni-
dimensionality, reliability, and respon-
siveness that are essential to optimal
instrument development; to present a
Domain Hierarchy with broad applica-
bility (6,7); and to identify the effect of
these issues on reducing the sample
sizes required in clinical trials.

The requisite processes to develop
optimal PROs are illustrated in Figure

1, and these steps order the discussions
which follow here. The process to dev-
elop item banks is complicated and
labor-intensive. Qualitative item review
and improvement must precede data
analysis and the resultant computation-
al and statistical analysis. To develop
an item bank that enables short, effi-
cient and precise assessment, lengthy
preparation is necessary.

The “Domains” exist on a continuum
from more the general to the more spe-
cific (8, 9), and the more specific may
be collapsed into the more general. Fig-
ure 2 shows the evolving PROMIS Do-
main Framework, representing input

from hundreds of people and major na-
tional and international organizations.
Three levels of the hierarchy are shown.
The first, to the left, defines “Health”
as consisting of Physical, Mental, and
Social dimensions, following the mod-
el of health adopted by the World
Health Organization and many other
groups. At the second level, Physical
Health (for example), is conceived as
consisting of Physical Function (or
Disability) and Symptoms. At the third
level of the hierarchy, Function/ Dis-
ability conceptually consists of the pos-
tulated domains of Mobility (lower
extremity), Dexterity (upper extremi-

Domain Hierarchy

Y

Exhaustive Item
Banking —
All Available Questions

Y

Qualitative ltem Review

Item Reduction —

A 4

Iltem Reduction —
Patient Input
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Item Improvement —
Clarity, Floors, Ceilings,
Response Categories,
New ltems
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Item Response Theory (IRT)

ltem Reduction —
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Final Domain Mapping
Unidimensionality
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“Short Forms”

Computerized
Adaptive Testing
(CAT)

Y A4

Validation — Responsiveness —
Internet and Devices
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Fig. 1. The Process of PROMIS. The development of improved items and improved ways of using
these items proceeds through a number of qualitative steps followed by a number of quantitative steps,

each described in text.
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Domain Hierarchy
PROMIS Framework
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Mastery and Control (seif-efficacy)
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Performance
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Social Support

ADL - Activities of Daily Living
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~ Global ltem

Fig. 2. Domain Framework. This preliminary “Domain Map” proceeds from the more general and
conceptual (on the left) to the more data-based and empiric (on the right). The branching process stops
when the right-hand boxes are unidimensional by IRT analyses.

ty), Central (neck and back), and Activ-
ities, often described as instrumental
activities of daily living, or IADL.
Symptoms include Pain, Fatigue, and
other symptoms. The shaded domains
are currently being studied by PRO-
MIS investigators.

As this domain map matures, IRT tech-
niques will be used to assess the do-
mains to the right in order to determine
whether the items in that domain all
measure the same construct, or whether
two or more constructs are included.
This amounts to a test for unidimen-
sionality, which is a requirement for
most IRT models. If these domains
contain only a single dimension, then
the mapping task is completed. If there
are more dimensions, then the map will
continue to expand to the right until
unidimensional domains are found.

The objective is to have domains, which
to the greatest degree possible are mu-
tually exclusive and collectively ex-
haustive.

It is desirable for CAT applications to
have as few domains as possible. Thus,
the mapping process begins with con-
ceptual and qualitative decisions and
ends with quantitative, evidence-based
decisions. For example, the Health As-
sessment Questionnaire Disability
Index (HAQ-DI) has eight domains
under Physical Function. This map
postulates four, reasoning that you
might estimate a stair-climbing score
from knowledge of walking ability or a
hygiene score from a dressing and
grooming score, but you cannot reli-
ably predict hand function from a walk-
ing score. Analyses will confirm or
deny such postulates with empiric data.
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The implications of a Domain Hierar-
chy Map are of profound importance.
They explicitly define the ultimate
goals of health care and health policy
and the steps by which these goals may
be achieved. It is important to “get it
right” as completely as possible, and
PROMIS investigators will be solicit-
ing continued input over the next sev-
eral years. Several other domain-map-
ping efforts are in process nationally
and internationally, at slightly earlier
stages, and appear to be converging
toward eventual consensus with the
one outlined here.

Exhaustive item banking

The long journey to practical IRT-
based CAT applications begins with the
first step of exhaustive “item” identifi-
cation. A PRO “item” is a question for
a patient. As displayed in Figure 3, an
item has a context (sometimes termed a
“super-stem”) which may apply to a
group of items in a questionnaire in-
strument, and a stem, a time frame, and
a set of possible responses. It has a do-
main and a category or sub-domain to
which it is temporarily (qualitatively)
or permanently (IRT-based) assigned.
An item is different from another if it
has a different context, stem, time
frame, or response options.

A definitive approach to IRT and CAT
applications requires that all previously
proposed items from all known instru-
ments be considered, in order to reduce
bias and to document the breadth of the
search. All questions in a bank are care-
fully scrutinized. This task is not trivial
and corresponds to the initial step of
meta-analysis where all previous work
is identified to the greatest degree pos-
sible. In the assessment of physical
function alone, for instance, the current
PROMIS item banks include approxi-
mately 2000 items from over 350
English language questionnaires.

Qualitative item review (QIR)

Initial item pools, the source for item
banks, are larger than necessary for a
working bank. At the same time they
contain many items that are sloppy, im-
precise, redundant, grammatically in-
correct or potentially offensive, with
inappropriate response options or ab-
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sent time frames, or are perhaps direct-
ed at too high a reading level. Such
items may be deleted after an expert re-
view process, where at least three train-
ed raters independently apply a defined
set of rules to each item.

The reduced item pool is then tested in
the field with patients to ensure that pa-
tient inputs and patient values are sub-
stantially represented in the final item
pools. Techniques include focus groups,
cognitive interviews, and patient sur-
veys. Information sought includes the
importance of the item to the patient,
the clarity of the item, and the ability of
the patient to describe the idiomatic
meaning of the item. With many items
to evaluate, different patient samples
will evaluate different item sets, with
some common items being used to an-
chor the evaluations. Weak items un-
covered during review by patients will
be further culled.

With these inputs noted, the remaining
items will be improved further where
possible. Changes may be made to im-
prove and then standardize response
categories, time scales, item wording,
and so forth. Gaps and omissions (par-
ticularly with regard to the difficulty of
items) will be filled by the writing of
new items. Global items to introduce
each domain, indicated on Figure 2 by
a “G”, will be written.

Item response theory (IRT)

Quantitative item analysis using IRT
also proceeds through several steps, all
of which depend upon the gathering of
large amounts of data on individual
items from large and diverse patient
data sets. The location of each item on
the underlying trait is analyzed. This is
similar to the difficulty of an item on a
test, and indicates how many people
can, for example, perform a queried
function. Within a given domain, it is
useful to have items with a wide range
of difficulty. Then items may be screen-
ed by correlating them with each other
and with an overall index of the do-
main. Identification of redundant items
characterized by high correlation coef-
ficients with each other will allow the
deletion of items and reduce their “lo-
cal dependence”; IRT requires that
items in a domain be locally indepen-

Context: “Considering your arthritis, are you able to:”
Stem: “walk a block on level ground”
Time Frame:

Response Options:
(category)”

“over the past (24 hours, week, two-week, month, six-months, year)”

“normally, with some difficulty, with much difficulty, unable to do

Yes/No, 5-category, 7-category Likert, 10-category scale, 100 category

analog scale

Fig. 3. The Anatomy of an Item. An item has a context, a stem, a time frame, and response options;

changing any of these makes a new item.

dent of one another. Items which do not
correlate well with the other items in a
domain do not belong in that domain; if
content inspection also confirms a poor
fit, such items may be transferred to
another domain (8).

Remaining items proceed through for-
mal IRT analyses to confirm the unidi-
mensionality of a proposed domain with
a single principal component. These
may employ Rasch modeling or more
complex models that, for example, take
into account the discrimination power
(slope) of an item, as well as its diffi-
culty. The generalized partial credit
model is one example (10-12). The
strategy is to continue to add domains
to the right of Figure 2 until domains
that are both conceptually and quantita-
tively unidimensional are found to
have no further branches. The underly-
ing hope is that this process will con-
firm something not too different from
the map of Figure 2.

Computerized adaptive testing
(CAT)

The term “short-forms”, as in the SF-
36, is used to denote questionnaire in-
struments that are not dynamic, but are
sufficiently short so that the question-
naire burden to the patient is reason-
able. Typically there may be 5-10 items
in a domain-specific short form. The
ability to create better short forms cap-
able of a more precise estimation of,
for example, functional capability be-
cause of the use of stronger individual
items with closely defined characteris-
tics, is one goal of PROMIS. The tech-
niques above allow instruments that
surpass the current standards to be dev-
eloped, and they also permit the trans-
lation of literature results from old to
new metrics. For example, the physical
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function scale of the SF-36 may be cal-
ibrated to the HAQ-DI, allowing data
to be re-analyzed with instruments
which had not been administered, and
allowing comparison of literature re-
sults across studies which had not been
previously possible (13).

The more important advance, however,
is the transition to “dynamic” or “adap-
tive” testing made possible by CAT
techniques. As in educational testing
applications, CAT makes it possible for
everyone to receive a different test, and
yet to more precisely estimate the abili-
ty of the individual. This enables the
achievement of far greater precision
without increasing the questionnaire
burden, and advances PRO assessment
to the age of the computer, the Internet,
and the specialized hand-held device
(9, 13-15).

Out of many items come fewer. Con-
sider, for example, a domain termed
“walking”. The HAQ-DI contains two
items on walking, and they generate
one of four numbers corresponding to
normal, mild, moderate, and severe
impairment. On a ten-centimeter ruler
they might (but actually don’t) corre-
spond to 0, 33, 67, or 100 millimeters.
In contrast, CAT will first employ a
screening question on walking, perhaps
estimating one of eleven (0-10 cen-
timeter) points on the scale and will
then sequentially ask narrower ques-
tions which span this point and then
even narrower questions which span
the resulting point, until a pre-defined
level of precision is obtained, for
example, 53 millimeters with a stan-
dard deviation of three, after only 3 or
4 questions. The HAQ-DI, in contrast,
might have yielded a score of 67 with a
standard deviation of at least 20. Hav-
ing scored one domain, CAT moves to
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the next. If the screening question
results in the pre-set “floor” of zero,
only one question for that domain will
be required in most applications. After
scoring all of the domains at one level,
CAT computes a score for the domain
at the next higher level, physical func-
tion/disability. Within the questionnaire
burden of the “short-forms”, CAT can
generate far more precise estimates.

A major contribution of the PROMIS
project will be the development of
PROs which permit smaller sample
sizes in clinical trials while retaining
the same statistical power (16). A full
discussion of this point is beyond the
scope of this paper, but power is
strongly related to the standardized
effect size, which in turn is strongly
influenced by the standard deviation of
the estimate (17, 18). CAT will reduce
the standard deviation and — in some
settings, perhaps most — sample size
requirements may be reduced by up to
one-half. The resulting improved effi-
ciency of trial designs will ease recruit-
ment difficulties, reduce the number of
centers required, and decrease the cost
of the trial by a proportion similar to
the proportion of reduction in the sam-
ple size. Over a decade, such methods
could save significant money and time
in the pursuit of answers to clinical
research questions.

Transcendent instruments

After 25 years, the time seems ripe for
patient-reported outcome assessment to
move to the next level. The HAQ, the
SF-36, the AIMS, the WOMAC, the
Sickness Impact Profile, and other
instruments have a variety of attributes
that do not reach the standard currently
achievable. With better items, a more
carefully developed domain structure,
better knowledge of item characteris-
tics, and more efficient and accurate
methods of combining the items, im-
proved instruments can certainly be in-
troduced, study sample sizes reduced,
and PROs brought to the level of the in-
dividual patient. This seems very likely

to happen (19).

Nevertheless, there are at the same time
liabilities and limitations, disruptions
and dangers. To develop a consensus in
support of sweeping change is not easy,
especially when the standard instru-
ments have been used in large seg-
ments of the literature and have been
implemented in many languages and
cultures. A transition to the use of com-
puters, Internet, or handheld devices
that operate CAT procedures involves a
learning curve extending to even sever-
al years from now. If proposed changes
are adopted by the FDA, industry, the
American College of Rheumatology,
and other major organizations, the tran-
sition will be easier. Well-documented
advantages, such as reduced study sam-
ple sizes and better applicability for the
individual patient course, will help in-
form change.

Validation of the degree of improve-
ment thus becomes very important. If
the advances are small, change is far
less likely. In PROMIS, protocols of
evaluation and validation are being
developed. Randomized controlled tri-
als will compare the reliability and
responsiveness of the traditional mea-
sures with these newer techniques.
Throughout PROMIS there will be
quality-enhancing evaluations aimed at
reducing redundancy, informing the
CAT sequences, and examining differ-
ential item functioning (DIF) across
diseases and medical fields. A bottom
line evaluation will lie in the extent to
which the emerging PROMIS tools
facilitate and improve the quality of
clinical research funded by the NIH
and others.
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