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Background: There is a need for valid self-report measures of core health-related quality of life (HRQoL) domains.

Objective: To derive brief, reliable and valid health profile measures from the Patient Reported Outcomes Measurement In-
formation System® (PROMIS®) item banks.

Methods: Literature review, investigator consensus process, item response theory (IRT) analysis, and expert review of scaling
results from multiple PROMIS data sets. We developed 3 profile measures ranging in length from 29 to 57 questions. These
profiles assess important HRQoL domains with highly informative subsets of items from respective item banks and yield
reliable information across mild-to-severe levels of HRQoL experiences. Each instrument assesses the domains of pain
interference, fatigue, depression, anxiety, sleep disturbance, physical function, and social function using 4-, 6-, and 8-item
short forms for each domain, and an average pain intensity domain score, using a 0-10 numeric rating scale.

Results: With few exceptions, all domain short forms within the profile measures were highly reliable across at least 3
standard deviation (30 T-score) units and were strongly correlated with the full bank scores. Construct validity with ratings of
general health and quality of life was demonstrated. Information to inform statistical power for clinical and general popu-
lation samples is also provided.

Conclusions: Although these profile measures have been used widely, with summary scoring routines published, description
of their development, reliability, and initial validity has not been published until this article. Further evaluation of these
measures and clinical applications are encouraged.
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and useful to identify a “short list” of domains that are relevant
for most health contexts. Previous research has relied on an
array of generic and disease-specific questionnaires, and many
studies have reported using multiple overlapping measures to

The demand for patient-reported outcome (PRO) assessment
has increased for evaluations of comparative -effectiveness

research, quality performance, and clinical practice.' The United
States National Institutes of Health’s Patient-Reported Outcomes
Measurement Information System® (PROMIS) represents a state-
of-the-science model for standardized PRO assessment of
health-related quality of life (HRQoL).>"® There is great demand for
applications of the PROMIS methodology®>®'° to create accurate
assessments of a broad range of health domains.!!

With more than 100 HRQoL domains assessed within PROMIS
(HealthMeasures.net/PROMIS, accessed July, 2018), it is important

capture self-reported heath. There are prior examples of
“generic” or general purpose health profile measures.'>"!®
Nevertheless, these efforts have not used the advantages affor-
ded by item response theory (IRT) to guide item selection and
ensure broad coverage of the HRQoL continuum for multiple
research and clinical practice applications. The PROMIS Profiles
were designed to address this need, using patient-centered
content and modern psychometric methods such as IRT, with
clinical expert input.

* Address correspondence to: David Cella, PhD, Medical Social Sciences, Northwestern University, Chicago, IL 60611, USA. Email: d-cella@northwestern.edu
1098-3015/$36.00 - see front matter Copyright © 2019, ISPOR-The Professional Society for Health Economics and Outcomes Research. Published by Elsevier Inc.

https://doi.org/10.1016/j.jval.2019.02.004


www.sciencedirect.com
www.elsevier.com/locate/jval
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jval.2019.02.004&domain=pdf
mailto:d-cella@northwestern.edu
https://doi.org/10.1016/j.jval.2019.02.004

538 VALUE IN HEALTH

Test information functions by domain.
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This article is the first to describe the development of 3 adult
health PROMIS Profile instruments, ranging in length from 29 to 57
items, covering 7 core HRQoL domains: pain (intensity and inter-
ference), fatigue, depression, anxiety, sleep disturbance, physical
function, and satisfaction with participation in social roles. These
profiles comprise 4-, 6-, or 8-item short forms of each domain, plus
a 0-10 pain intensity numeric rating item. Although the develop-
ment, reliability, and validity of these PROMIS Profile scores have
not yet been published, Hays et al'® developed and published
summary scoring for physical and mental health based on the 29-
item version, and others have developed single health preference
(utility) scores from the same 29-item profile.”'® As of January
2019, these 3 PROMIS Profile instruments have been downloaded
from the HealthMeasures.net website in English or Spanish more
than 6000 times, and translated into more than 40 languages for
international use. This article, therefore, provides the evidentiary
foundation to support the extensive and growing use of the PROMIS
profile instruments. We include a description of the rationale for
selecting the HRQoL domains to be assessed, an overview of the
item selection process for each domain, consideration of the qual-
itative and quantitative distinctions among the profiles of different
lengths, and initial evidence for their reliability and validity. We
conclude with recommendations for the administration of these
tools and suggestions for further research in this area.

There were 2 stages in the development of the PROMIS Profile
instruments. First, we identified the HRQoL domains to be
included in the measures. Second, we selected well-performing
(ie, informative) items that represented the range of HRQoL
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content in each domain. We used 3 datasets for the second step. A
subset of 3507 respondents to the PROMIS Wave 1 general pop-
ulation dataset were administered complete item banks.>%91920
Participants were administered all items in an item bank except
for participants assigned to physical function, who completed a
random half of the items because of the large size of the item
bank. The second dataset was one used to assess sleep distur-
bance,?"?? and the third dataset was collected to assess social
health.?> Sample sizes for each domain ranged from 628 (fatigue)
to 1255 (sleep disturbance). Although we used existing datasets,
the analyses reported here have not been previously published.

Informed by an extensive literature review, the PROMIS do-
mains included in these profile measures were originally identi-
fied through activation and implementation of a Domain
Framework Mapping Protocol.>® The Appendix Figure (see Sup-
plemental Materials found at https://doi.org/10.1016/j.jval.2019.
02.004) shows the current PROMIS Domain Framework, a taxon-
omy of self-reported health status. An earlier, less-detailed version
of this framework was used to guide a consensus-building dis-
cussion of the most important, representative HRQoL domains to
be included in the profile. The PROMIS Steering Committee (7
principal investigators and 5 NIH collaborators) included physi-
cians, social scientists, and psychometricians who discussed the
extant literature and chose the core HRQoL domains to be
included in the PROMIS profiles. These domains were to be
selected from among the 22 domains and subdomains included in
the PROMIS Domain Framework at the time the decisions were
made.


http://HealthMeasures.net
https://doi.org/10.1016/j.jval.2019.02.004
https://doi.org/10.1016/j.jval.2019.02.004

Short form correlations with full banks by domain.
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The PROMIS Steering Commiittee decision process began with a
commitment to the inclusion of at least one domain from each of
the 3 major components of self-reported HRQoL: physical, mental,
and social (Appendix Figure). Considering the available literature,
PROMIS Steering Committee members discussed and built
consensus regarding which specific domains were to be included
within each of the 3 components. The selected subcomponents,
domains, and subdomains are indicated in the Appendix Figure by
the blue-shaded boxes and text. In the first round of the selection
process, the Steering Committee identified 3 subdomains from the
physical health component (pain interference,* fatigue,”® and
physical function®®), 2 subdomains from the mental health
component (anxiety and depression®’), and 1 subdomain from
social health (satisfaction with participation in social roles).”> Af-
ter confirming these 6 domains, sleep disturbance was added,
based on its relevance to many health conditions and growing
evidence for its central importance to a definition of positive
health.?! The addition of the 0-10 numeric rating of average pain
intensity was also added at this stage to provide context for the
assessment of pain interference and based on its widespread use
in clinical research and practice. The HRQoL domains selected for
the PROMIS Profile measures therefore included the following:
anxiety, depression, fatigue, pain (interference and intensity),
sleep disturbance, physical function, and satisfaction with partic-
ipation in social roles.

For each of these PROMIS domains, item banks were developed
based on input from domain-specific content experts, thorough

NOTIONS OF “VALUE" IN HEALTHCARE 539

Fatigue Pain Interference
(=3 o
S S
X
[T} X [Te]
0 e e e e = = D e - - O e e e - -
o = o X
S S =
T © ®T 9
f Sopf=T=———me===y E 3= s = e
o o
o o
w0 wn
L e s | WO e - - ———— =
o o
8 8
S T T T T T T T 1 S T T T T T T
12 3 4 5 6 7 8 12 3 4 5 6 7 8
Length Length
Social Role
o
=a R
X
0 X
O o o sy Moo msiasipeos. o B
o
c
S
s g1/ __________]
s 3
o
o
w0
[« [ [ U U R U U U U |
o
(=]
0
o

review of relevant extant outcome measures, extensive archival
data analyses, and qualitative methods that aimed to incorporate
feedback from clinical samples and the general population.>©28
These item banks were subsequently evaluated and calibrated
using the graded-response model based on IRT to allow for
administration as computer adaptive tests (CATs) and fixed-length
short form administrations.®

Drawing from the items in these previously calibrated PROMIS
item banks, item selection incorporated item statistics and input
on the content from clinical experts. Preference was given to items
that were relevant (based on content review) and targeted toward
clinical (as opposed to healthy) populations. As a first step, items
were sorted based on the total amount of information provided by
each item over the interval ranging from the PROMIS T-score
mean of 50 to 2 standard deviations worse than the mean. Next,
1000 CAT simulations were conducted based on the items in each
item bank. Average selection order was then recorded for each
item. Because of the intended use of these profiles in clinical
populations, the mean for the simulated subjects was set to 1 SD
worse than the mean of the general population. The sort results,
along with the ranking of item information, were used to develop
a list of the 15 most informative candidate items in each HRQoL
domain for review and discussion by content experts.

Candidate items were evaluated by panels of 3 to 5 domain
content experts in the PROMIS network. Each panel was asked to
select the 8 best items from the list of 15 provided for each
PROMIS domain. They were instructed to attend to clinical rele-
vance while balancing the range of content across the 8 selected
items to maintain content validity. Several criteria were consid-
ered by these panels when selecting the final items. The most
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Estimated power to detect a small effect (d = 0.2) in a general population for each of the short forms by domain.
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SF indicates short form.

important of these was the relevance of item content for clinical
populations, defined based on the observation of average re-
sponses of known clinical subgroups in PROMIS Wave 1 testing.’
Other considerations included the following: (1) avoiding over-
lapping content across items, (2) avoiding the use of items with
highly similar psychometric properties (eg, discrimination and
threshold parameters), (3) avoiding the use of colloquial or
awkward language, and (4) aiming for consistency of response
options among the item sets. Although the expert panels were
made aware of the CAT rank order of each item (from 1 to 15), they
were instructed that any of the 15 items would suffice because all
had emerged as the best of their respective banks on the criteria.

Once 8 items were selected for an 8-item form, items were
removed to create shorter forms. Specifically, panels were
instructed to remove 2 items to create a 6-item form, again
attempting to maintain content coverage. Another 2 items were
similarly removed to create a 4-item short form for each domain.
Therefore, every 4-item short form (eg, physical function 4a) is a
subset of the 6-item short form (eg, physical function 6a), which in
turn is a subset of the 8-item form (eg, physical function 8a). These
lengths (4, 6, or 8 items) were chosen to provide short forms with
different levels of reliability to balance with the length of the scale.
The length for the shortest version was supported by evidence
that all but one of the 4-item sets had similar measurement pre-
cision to CAT administrations across 2 to 3 standard deviations.>”
The 6- and 8-item versions are each incrementally more infor-
mative (see Figure 1).

The Appendix Table (see Supplemental Materials found at
https://doi.org/10.1016/j.jval.2019.02.004) describes several char-
acteristics of the PROMIS Profile domains, including the
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operational definitions, counts of the items in each bank, and the
recall period (where applicable) used for the 4-, 6-, and 8-item
short forms. Items in the 2 domains that do not use a recall
period (physical function and satisfaction with participation in
social roles) ask about current abilities rather than experiences
over the previous 7 days. In addition to the 7 domains listed in the
Appendix Table, the 29-, 43-, and 57-item PROMIS Profile mea-
sures all include a single-item rating of pain intensity with a 7-day
recall period and an 11-point rating scale from “0O—no pain” to
“10—worst pain imaginable.” All the remaining items use a 5-
category response scale; the specific labels for these response
options vary by domain. All of the PROMIS Profile forms are
available for downloading in English and Spanish, at
www.HealthMeasures.net.

The IRT scale information functions are shown for each short
form across each domain in Figure 1. These information plots
were generated from the IRT-based parameters (threshold and
slope) associated with the items in each profile short form.
These parameters were previously estimated and centered us-
ing PROMIS Wave 1 data'®; see Cella et al® and Liu et al*° for
more information regarding the calibration procedures. For
most domains, the general population mean is set to a T-score
of 50 with SD = 10%°; however, sleep disturbance was calibrated
on a mixed general population and clinical sample such that the
mean and distribution are likely to reflect a population that has
more than the average amount of sleep disturbance.?' With IRT,
reliability is not a single number associated with a given mea-
sure; rather it is, as illustrated in Figure 1, expressed as preci-
sion or “information” and it varies along the PROMIS T-score
continuum. Classical reliability equivalents are provided by
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Estimated power to detect a small effect (d = 0.2) in a clinical population (1 SD below mean) for each of the short forms by
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dotted red lines in each Figure 1 domain plot, and the blue
shading indicates what could be referred to as a highly reliable
range of measurement for each domain. Almost all forms of the
PROMIS Profile domains (indicated with blue shading in
Figure 1 for reliability =0.9) include mild to severe impairment.
Except for the 4-item physical function short form and the 4-
and 6-item sleep disturbance short forms, each short form
reliably measures a range of 3 standard deviations or more (ie,
=30 points) on the T-score metric across all domains. Longer
short forms were consistently and significantly more informa-
tive (reliable), as expected, given the fully nested relationship of
the short forms.

Correlations between scores on the full item bank and each of
the 4-, 6-, and 8-item PROMIS short forms are shown in Figure 2.
The dashed line in each figure shows the change in correlation
based on the administration of each incremental item in the 8-
item short form (recall that the 8-item short form includes all of
the items in the 4- and 6-item forms). The correlations were above
0.9 for all forms in 6 of the 7 domains. Correlations for the physical
function (PF) domain ranged from 0.83 for the 4-item form to 0.89
for the 8-item form. This is likely due to somewhat more het-
erogeneity of content in the PF item bank relative to the other
banks and selection of PF items that emphasize mobility over
other concepts such as upper extremity function and
flexibility.?6-031

Investigators often ask how much statistical power a given test
will have in a planned study or experiment. These short forms
were constructed to maximize their precision and efficiency in
clinical samples, estimated to be 1 SD worse than the general
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population. It is therefore likely that they will have greater power
to detect differences or change in clinical samples compared with
samples drawn from the general population. Nevertheless, re-
searchers are using these PROMIS Profiles in a wide range of
disease and nondisease populations. Therefore, we illustrate po-
wer considerations for general population samples and for clinical
population samples. Researchers can choose which one makes
more sense for their planning purposes based on the anticipated
health status of their sample. Figures 3 and 4 demonstrate esti-
mated power to detect a small effect if the target population is
centered on the general population (Figure 3) or 1 SD (10 T-score
points) worse than the general population, such as in a typical
clinical sample (Figure 4). The sample sizes needed for equivalent
power are smaller in the clinical sample for all domains, though
the differences vary considerably by domain. Power is roughly
equivalent in sleep disturbance, for example, whereas the sample
size needed for 80% power to detect a small effect (d = 0.2) in
physical function is reduced by approximately two-thirds in a
physically compromised clinical population (n = 50 for the 8-item
short form) relative to the general population (n = 150 for the 8-
item short form). For clinical samples, most of the increased po-
wer achieved using a longer form is present in the 6-item forms,
with modest incremental gain in the 8-item forms. Thus, the
PROMIS-57 Profile provides little incremental power over the
PROMIS-43 Profile for all but the smallest of sample sizes.

To evaluate construct validity of these profile short forms, we
compared scores on the profile domains to responses to 2 ques-
tions from the PROMIS Global Health scale.>?=* First, we divided
the general population sample into 5 groups based on their
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Mean T-scores by domain based on responses to the item: “In general, would you say your health is ... ." The y-axis for PHF
and SOR is on the right side of the panel, enabling a profile plot in which the upper part of each plot is consistently worse than the lower

part of the plot.

Full Bank SF - 8 Items
S - —6— Poor - S - —e— Poor - g
—& - Fair —& - Fair
Good Good
-X-- Very good -%-- Very good
Excellent Excellent
R -8 R - 8

<4 -
3 8
@ @
- -
& +- o | o
(- i "ag N o )
4
it . X
« e
»
o L. © o L ©
< © < ©
K & ~ - a4k & Ik & ~ - o |k K
w o) w o)
8_50555)’0?0}_2 8—50555)’&:‘0_2

T-Score

SF - 6 Items SF - 4 Items
S - —6e— Poor - g S - —6— Poor -
—& - Fair —& - Fair
Good Good
-%-- Very good -x-- Very good
Excellent Excellent
S -8 R - 8

o
8
@
s
o > $ ol © o +‘~, . o
o T, N Dty il - i i ) o
+ } +
x X
=X~ X X PR PPN .
v lx o |l
%* 1 -

o L o o - 9
< © < ©
K O ~ - a |k & K O ~ - o |k &

w [e) w o)
8_% Q lf g.: (7)I OF (I)_E 8_5 Q lf DT f7)l § U)_E

ANX indicates Anxiety; DEP, Depression; FAT, Fatigue; PAI, Pain Interference; PHF, Physical Function; SF, short form; SLP, Sleep Disturbance; SOR, Satisfaction with

Participation in Social Roles and Activities.

responses to a single-item rating of overall health, with options
being “poor,” “fair,” “good,” “very good,” and “excellent.” For this
analysis, we used a subset of the PROMIS Wave | general popu-
lation sample having complete response data on each bank. The
sample sizes ranged from 628 (fatigue) to 1255 (sleep distur-
bance). For each group of respondents, the mean T-score for each
domain in the PROMIS Profiles is shown in Figure 5. This illus-
tration demonstrates highly similar patterns of responding,
whether participant scores are based on all items in the bank for
each domain (“full bank”) or the 8-, 6-, or 4-item short forms.
Figure 5 also demonstrates that the domain-specific assessments
of health in the PROMIS Profiles are consistent with overall health
ratings, though the distribution of T-scores does vary by domain.
The group differences for depression and anxiety, for example, are
greater than those observed for pain interference and physical
function.

The same approach was used with a second question from the
PROMIS Global Health Scale, asking about overall quality of life.
Figure 6 demonstrates that these results are very similar to those
in Figure 5, conferring additional support for the construct validity
of the PROMIS Profiles.

” o« ”

The value of short-form health profile instruments was
evidenced by the widespread use of the SF-36/RAND-36 sur-
vey.'>”!> The PROMIS Profiles are well-suited to meet the de-
mand for a concise, multidimensional measure of core domains
of patient-reported health-related quality of life. They cover 7
domains that were selected based on input from patient-

reported outcomes assessment experts affiliated with the
PROMIS network.

Items for each domain were selected from PROMIS item banks
to maximize efficiency and minimize overlap across domains.
Selection was based on the following: (1) input from domain ex-
perts about their content validity and (2) evidence for strong
psychometric properties (information) after the administration of
full item banks to large samples. High correlations between scores
on the item banks and on the domain-specific forms suggest that
the profiles offer a similar breadth of assessment with much
shorter lengths. This, in turn, contributes to the utility of the
PROMIS Profile measures for detecting small effects in relatively
small samples.

Each of the domains in the PROMIS Profiles can also be
administered as a CAT, but the profiles described here were
developed in 3 fixed-length formats. Although there are many
advantages to the use of CATs instead of short forms with fixed
item composition (including the potential for more precise
assessment with fewer items per participant, on average), there
are many reasons to support the use of short forms. For one, there
is strong evidence of the efficiency of PROMIS short forms in many
domains.>® Not only are the scores produced by short forms and
CATs highly correlated, but also there are some domains where the
CATs provide only marginal benefit in terms of efficiency for most
of the population, though this varies considerably by domain.
Simulations with CAT, for example, suggest that anxiety and
depression may be well measured by 8-item short-forms, whereas
CAT versions of the physical health domains (physical function,
pain interference, and fatigue) extend the range beyond short-
forms considerably.?° In addition to these psychometric consid-
erations, many clinicians and researchers prefer to administer the
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Mean T-scores by domain based on responses to the item: “In general, would you say your quality of life is ... .” The y-axis for
PHF and SOR is on the right side of the panel, enabling a profile plot in which the upper part of each plot is consistently worse than the

lower part of the plot.
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same items to each respondent in a cross-sectional assessment or
to the same respondent across multiple administrations. In other
cases, fixed-length forms are required because electronic assess-
ment is not an option owing to technological limitations inherent
to the assessment context or characteristics of those being
assessed (eg, subgroup that is uncomfortable with computer-
based assessment). Some investigators and clinicians, including
regulatory authorities, tend to prefer fixed short forms because it
guarantees that all respondents answer the same questions. Given
that these and other circumstances preclude the use of CATs, the
PROMIS Profiles are an excellent alternative.

The results provide evidence for the construct validity of the
PROMIS Profile scores. Increments in single-item ratings of overall
health and quality of life (Figures 5 and 6) were associated with
the same pattern of increments in PROMIS Profile scores; the
patterns were uniformly distinct (nonoverlapping) across do-
mains. Additional evidence has also been found in other published
Studies.16,17,36740

The 7 core domains for these profile instruments were
chosen at a time when not all PROMIS domains were fully
developed. At the time of selection, 22 domains and sub-
domains had been calibrated (see the Appendix Figure for
updated framework). Based on the degree of validation at the
time the profiles were developed, the first version (v1.0) of
these PROMIS Profiles used “satisfaction with ability to partic-
ipate in social roles and activities” to represent social function.
Nevertheless, when the “ability to participate in social roles and
activities” (v2.0) item bank became available, we switched to
this “ability” social health measure rather than satisfaction
(from v1.0) because social participation (ability to participate) is
more typically used as a research outcome. Therefore, version

2.0 and subsequent versions of the PROMIS Profiles include
ability to participate in social roles rather than satisfaction with
social participation. Construction of the ability short forms
followed the same methodology as described presently. Also,
although we began with what we found to be the most com-
mon, and therefore important, patient-reported HRQoL do-
mains, it is possible that other HRQoL domains should be
included in the PROMIS Profiles. For example, cognitive func-
tion, under construction but not yet available at the time of
profile development, might be a useful core domain in some
circumstances. Hanmer and colleagues'® found this to be true
when constructing a multi-attribute PROMIS Preference
(“PROPr”) measure. Fortunately, any researcher or clinician can
add an assessment of any domain not included in the PROMIS
Profiles using fixed short forms (eg, 4-, 6-, or 8-item scales),
custom short forms, or CAT.

Because the PROMIS Profiles provide 7 separate scores and
each domain is scored separately, the Profiles can be customized
for the specific context. For instance, a study of people with
chronic pain could choose to use 4 items for all domains except
pain interference, which could be measured by 6 or 8 items to
achieve more precision.

In conclusion, we developed 3 PROMIS Profile instruments that
include high-information, content-balanced short forms from 7
core health domains (pain, fatigue, depression, anxiety, sleep,
physical function, and social function). These profiles are 29, 43,
and 57 items long and based on inclusion of 4-, 6-, and 8-item
short forms of each domain, plus a 0 to 10 pain intensity
numeric rating item. These profiles are highly reliable across mild
to severe levels of clinical severity and sensitive to differences in
self-reported health-related quality of life.
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