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Abstract

Purpose Health status descriptive systems based on item response theory (IRT), such as the Patient-Reported Outcomes
Measurement Information System (PROMIS®), have item banks to measure domains of health. We developed a method to
present such banks for health-state valuation.

Methods We evaluated four different presentation approaches: a single item (1S), 2 items presented separately (2S), 2 items
presented together (2T), or 5 items presented together (5T). We evaluated these four approaches in three PROMIS item banks
(depression, physical function, and sleep disturbance). Adult community members valued health-state descriptions using
the visual analog scale and standard gamble methods. We compared the approaches by the range of item bank theta scores
captured, participants’ assessments of difficulty (1 =very easy to 7= very hard), and exit interviews.

Results Participants (n=118) ranged in age from 18 to 71; 63% were female and 54% were white. The 1S approach captured
the smallest range of theta scores. A monotonic relationship between theta score and mean standard gamble estimate was
found with all approaches except 2S. Across all 3 item banks, mean difficulty assessments were 2.35 (1S), 2.69 (2T), 2.78
(5T), and 2.80 (2S). In exit interviews, participants generally found all four approaches similarly meaningful and realistic.
Conclusions Creating health descriptions by presenting 2 items maximized the range of theta while minimizing difficulty
and maintaining a monotonic relationship with utility estimates. We recommend this approach for valuation of IRT-based
descriptive systems such as PROMIS.

Keywords Health-state descriptions - Preference-based scores - Valuation of health-states - Utilities

Introduction domains and levels for each domain [5-10]. For example,

the EuroQol-5D-3L has five health domains: mobility, self-

Preference-based summary scores of health are useful for
tracking population health, comparing groups, and perform-
ing cost-effectiveness analyses [1]. Preference-based scoring
functions are estimated by having individuals value a set
of health-state descriptions. Valuation procedures include
standard gamble, time trade-off, and visual analog scales
[2-4].

The health-state descriptive space used for preference-
based measures has consisted of a fixed set of health
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care, usual activities, pain/discomfort, and anxiety/depres-
sion, with three levels on each (no problems, some problems,
extreme problems) [5].

In the last decade, there have been significant advance-
ments in health-state description systems. The Patient-
Reported Outcomes Measurement Information System
(PROMIS®) is a major effort sponsored by the National
Institutes of Health to advance measuring health through
state-of-the-science qualitative and quantitative methods
[11, 12]. In particular, PROMIS utilizes item response
theory (IRT) [13] to create unidimensional item banks for
health domains (e.g., pain, physical function) calibrated on
a common metric. Any set of items selected from the item
bank can be used to estimate an individual’s score (“theta’)
for a domain. The PROMIS domains are usually reported
as a T-scores which are constructed with a mean of 50 and
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standard deviation of 10 relative to a target population (e.g.,
the U.S. general population).

Leveraging the improvements in health descriptive sys-
tems has the potential to improve preference-based meas-
urement. However, because item banks comprise a large
number of items, one can imagine many permutations and
combinations of items that could be combined into a health-
state description for valuation. Bookmarking methods and
scale judgement methods, which build descriptive vignettes
from 5 items, have recently been used to create PROMIS
item bank health-state descriptions for minimally important
difference studies and establishing clinically relevant clas-
sifications [14, 15]. Here, we describe and evaluate four dif-
ferent methods for presenting health-state descriptions from
the PROMIS item banks for use in preference valuation.
These methods preserve the advantages of IRT by linking
the descriptions to the underlying unidimensional construct.

Methods
Creation of health-state descriptions

We selected three PROMIS item banks which cover dis-
parate aspect of health: depression [16], physical function
[17], and sleep disturbance [18]. Each item in these banks
has five possible response options (i.e., never, rarely, some-
times, often, or always). We created health-state descriptions
from those items through a combination of item calibration
data and qualitative analysis by domain experts as described
below. We evaluated four different approaches: a single item
(1S), 2 items presented separately (2S), 2 items presented
together (2T), and 5 items presented together (5T).

Selection of the items used for the 1S, 2S, and 2T sets
started by examining the theta estimate for each response
category for each item in each domain, such as would be
produced if only those responses were used to estimate
theta. For example, the depression item bank has the item,
“I felt sad... never, rarely, sometimes, often, or always.” The
associated theta estimates for the five possible responses are
-0.96, —0.03, 0.67, 1.38, and 2.08.

The depression item bank was Emotional Dis-
tress—Depression v1.0. Parameter estimates were from the
PROMIS Wave one sample. The physical function item bank
was Physical Function v1.2. Parameter estimates were from
PROMIS 1 Wave 1 with Extension sample. The sleep distur-
bance item bank was Sleep Disturbance v1.0. The parameter
estimates were from PROMIS Sleep Wave 1. [see http://
www.healthmeasures.net/index.php and https://www.asses
smentcenter.net].

To select a single item for the 1S method, we presented
the 5 items with the largest range to domain experts who
then selected the most representative item. For the 2S and
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2T methods, we wanted to capture a wide range of domain
scores. We selected a set of 5 items which, based on the
IRT parameters, best covered the highest range of the tar-
get concept (i.e., physical function) and selected 5 items
which, based on the IRT parameters, best covered the lowest
range of the concept. These 10 items were then presented to
domain experts who picked 1 item from the highest set and 1
item from the lowest set which they felt captured the impor-
tant aspects of the domain. For depression, those aspects
were mood and anhedonia. For physical function, they were
mobility and dexterity. For sleep disturbance, they were
sleep restfulness and duration.

Domain experts were asked to avoid items which shared
content with other domains. For example, one of the items
with the highest theta estimates in the sleep disturbance item
bank is “I felt sad at bedtime...” This item was not consid-
ered because it may have content overlap with depression.

All descriptions used in the valuations are included in
Online Appendix A. In the 1S method, each response to
the selected item was presented separately for a total of five
descriptions. In the 2S method, each item response was
presented separately; because each item has five response
options, there was a total of ten descriptions. In the 2T
method, the 2 items were presented together. Item param-
eter information was used to create the most likely response
combinations for a total of nine descriptions. Creation of the
5T descriptions followed the procedure outlined by Cook
et al. [14] where a theta score is selected and then a repre-
sentative set of 5 items and their responses at that theta score
are selected. We created 5T descriptions at increments of
0.5 on the theta score. There were eight depression descrip-
tions, nine physical function descriptions, and nine sleep
disturbance descriptions.

Community sample

We recruited 118 adults from metropolitan Pittsburgh,
Pennsylvania using the Clinical and Translational Science
Institute’s Research Participant Registry [https://researchre
cruitment.pitt.edu/ctsi/home/about] to participate in a video-
recorded, in-person interview at a research office. Partici-
pants responded to an advertisement on the registry’s web-
site. Inclusion criteria were of age 18 years or older and to be
comfortable communicating in English. There were no other
inclusion or exclusion criteria. Participants were paid $35.

Evaluation procedure

We assigned participants to evaluate a single health domain
from the three domains. The first 40 participants completed
depression, the next 40 completed sleep disturbance, and
the last 38 completed physical function. Participants first
completed the 8-item short form of the domain to familiarize
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themselves with the concept. The health descriptions for
each of the four methods were printed on individual cards
(e.g., four “card sets”). Then they evaluated each of the four
card sets in random order. They first ranked the cards from
best to worst. Second, the best and worst cards were used
as anchors on a 0—100 visual analog scale and respondents
were asked to place the other cards on the scale. Third,
respondents evaluated the cards using the standard gam-
ble on a chance board. In the standard gamble, their best
and worst cards were used as the best and worst outcomes,
with the others as intermediate outcomes [6, 7]. Respond-
ents assessed each card set’s difficulty by using a 7-category
response scale (1 =very easy to 7 =very hard).

After completing all four card sets, respondents com-
pleted a self-administered questionnaire with demographic
information, the subjective numeracy scale [19], the Iron-
Wood religiosity scale [20], self-rated health, number of
physician visits per year, number of times hospitalized, and
experience with conditions that limit a person’s ability to
take care of him or herself. Finally, respondents were asked
questions about the meaningfulness and realism of the cards
in semi-structured exit interviews.

Analyses

We compared the results from the four methods in several
ways. First, we examined the range of item bank theta scores
captured. Second, we compared the monotonicity of mean
valuations across the methods; monotonicity was considered
violated if the rank order of health-states by valuation was
different at least twice from the rank order of health-states by
theta. Third, we compared the methods by participant assess-
ments of difficulty on the 7-point response scale. Fourth, we
evaluated participant reports from the semi-structured exit
interviews.

Results

We recruited 118 participants. The mean age of the sam-
ple was 37 (SD=16, range 18-71); 63% were female; and
54% were white and 34% were African-American (Table 1).
The sample included a range of educational backgrounds,
experience with the domain to which they were assigned,
and experience with other health problems that limit a per-
son’s ability to take care of him or herself. Thirty percent of
participants reported their health as excellent, whereas 48%
reported their health as very good, 19% as good, 3% as fair,
and 0% as poor. The in-person interview took an average of
44 min (Table 2).

As seen in Fig. 1, the 1S method had the narrowest range
of theta scores for each domain. The 5T method always had
the widest range and the 2T method had the second widest

range. The figure includes dashed lines to indicate the 5th
and 95th percentile scores for the item bank’s calibration
sample [21-23]. Although these samples are not perfectly
representative of the U.S. general population [24], they pro-
vide an indicator of the distribution of scores in the general
population. A monotonic relationship between item bank
theta estimate and mean standard gamble estimate was
found for the 1S, 2T, and 5T methods in all three domains
(Fig. 2a—c). With the 2S method, mean standard gamble
estimates trended with theta scores, but monotonicity was
violated several times. Figure 2a illustrates the results for
the depression item bank, Fig. 2b for physical function, and
Fig. 2c for sleep disturbance.

Across all 3 item banks, 74% of participants found 1S to
be easiest and 71% found 5T to be most difficult. Mean dif-
ficulty assessments for the combined sample on the 7-point
response scale were 2.25 (1S), 3.04 (2T), 3.25 (5T), and
3.34 (25). The rank order of difficulty was the same in each
domain.

In exit interviews, participants generally reported all four
methods to be similarly meaningful and realistic. Most par-
ticipants reported that the ST method provided too much
information; a notable exception was a participant who had
personal experience with the item bank she was evaluating
(depression) and found the rich descriptions helpful. Partici-
pants reported that the 1S method was easiest, but that the
2T method was still manageable. Many participants found
the 2S method frustrating, as they had difficulty comparing
single responses from different items.

Overall, participants were generally engaged in the task
and expressed thoughtful reasoning about their responses.
For example, a small subset of participants found the best
(by theta) depression health-states to be “unnatural” saying
that rarely feeling sad was preferable to never feeling sad.

Discussion

The construction of health-states for valuation studies
requires a careful balance between descriptive richness in
content and respondent burden. Historically, the health-
states used in valuation studies have either been created
de novo by instrument developers (HUI, EQ-5D) or taken
from an existing static health descriptive system (SF-6D,
FACT) [5-10, 25]. Item response theory has modernized
health descriptive systems by calibrating items on underly-
ing constructs; from such item banks, a small set of informa-
tive items can be used to measure the construct. We have
developed a method to present an item bank for valuation.
This method uses the advantages of item response theory,
particularly knowledge about an item’s location on the
underlying construct, to improve the descriptive system for
a preference-based scoring system [26].
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Table 1 Sample demographics

Depression Physical function Sleep disturbance Combined sample
N 40 40 38 118
Age mean 425 32.0 35.4 36.7
Age range 20-71 18-69 19-68 18-71
Female 60.0 60.0 68.4 62.7
Domain limitation experience, personal (%) 40.0 35.0 21.0 322
Domain limitation experience, caregiver (%) 7.5 5.0 2.6 5.1
Domain limitation experience, family (%) 50.0 72.5 47.4 56.8
Domain limitation experience, work (%) 10.0 15.0 13.1 12.7
General limitation experience, personal (%) 22.5 22.5 13.1 19.5
General limitation experience, caregiver (%) 25 20.0 13.1 19.5
General limitation experience, family (%) 62.5 80.0 50.0 64.4
General limitation experience, work (%) 17.5 25.0 10.5 17.8
Doctor visits per year (range) 0-20 0-15 1-12 0-20
Ever hospitalized (%) 57.5 52.5 50.0 534
Race
White (%) 50.0 47.5 63.2 53.5
Black (%) 40.0 35.0 26.3 339
Asian (%) 0 7.5 2.6 3.4
Other (%) 7.5 7.5 53 6.9
Hispanic (%) 5.0 2.5 2.6 34
Education
High school (%) 20.0 7.5 10.5 12.7
Some college (%) 30.0 60.0 31.6 40.7
College (%) 15.0 20.0 21.1 18.6
Some post-graduate (%) 15.0 7.5 10.5 11.0
Post-graduate (%) 20.0 5.0 26.3 16.7
Self-rated health
Excellent (%) 27.5 27.5 342 30.0
Very good (%) 40.0 50.0 55.3 48.3
Good (%) 27.5 17.5 10.5 18.6
Fair (%) 5.0 5.0 0 34
Poor (%) 0 0 0 0
Table 2 Difﬁc}llty assessments Depression n=40, Physical function Sleep disturbance Combined sample
on a 7-point Likert scale mean (SD) =40, mean (SD) =38, mean (SD) n=118, mean (SD)
(1=very easy to 7=very hard)
for each presentation method 1S 2.38 (1.35) 2.03 (1.10) 2.33 (1.46) 2.25(1.31)
28 3.25(1.37) 3.53(1.71) 2.97 (1.35) 3.25(1.49)
2T 3.05 (1.52) 3.12(1.64) 2.94 (1.65) 3.04 (1.60)
5T 3.23(1.44) 3.45 (1.65) 3.34 (1.51) 3.34 (1.53)

IS is a single item, 28 is two items presented separately, 2T is two items presented together, and 5T is five

items presented together

Based on this study, we recommend approach 2T: select
2 representative items from an item bank and present them
together. We compared 2T with three other methods: using
a single item (1S), using 2 items separately (2S), and using
5 items together (5T). While evaluating a single item (1T)
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was easiest for participants, this method captured signifi-
cantly less of the item bank’s range than evaluating 2 items
together. As a result, using a single item would be more
likely to produce ceiling and floor effects. Presenting 2 items
separately covers a wider range of the item bank, but was
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Fig. 1 Range of item bank theta scores captured by each method. IS
is a single item, 28S is two items presented separately, 2T is two items
presented together, and ST is five items presented together. Vertical
dashed lines represent the area of theta that captures 90% of the item
bank calibration sample

more difficult for our participants, who report finding it hard
to compare responses to the 2 items, perhaps because we had
purposefully chosen the ones that capture different aspects of
the health domain. Using the same 2 items to create a single
health-state was easier for the participants, captured a wide
range of the theta distribution, and had a monotonic rela-
tionship to standard gamble valuations. Presenting 5 items
together also captured a wide range of the item bank and

produced monotonic functions. However, participants found
it very complex, cognitively burdensome, and unnecessarily
detailed.

To ensure that the widest range of the construct is cap-
tured, thereby reducing ceiling and floor effects, we rec-
ommend selecting 2 items with values at each end of the
theta distribution. We also recommend not relying solely on
measurement properties, but also having experts review the
content of the items to ensure that they capture key aspects
of the health domain (i.e., for depression, selecting items
to capture both mood and anhedonia). Once the items are
selected, the item information can be used to produce likely
combinations of responses for valuation tasks. These valu-
ation tasks can be completed by either the general popula-
tion or subgroups of interest, such as patients with a specific
health condition.

This study has several limitations. First, it used a conveni-
ence community sample which is not fully representative of
the United States; it had 2.5 times as many Black respond-
ents, 1.6 times as many respondents with educational attain-
ment higher than a bachelor’s degree, and one-fifth as many
Hispanic respondents as the general US population in the
2010 census. The sample had varying age, race, educational,
and health backgrounds from a single city in the United
States and we do not believe that the particular geographic
area from which participants were sampled would have a
significant effect on our findings. Second, we tested four dis-
tinct methods to present item banks for valuation, but there
are certainly other possible methods which we did not con-
sider. Future work may find that an intermediate approach,
such as using 3 or 4 items, may be preferable to using 2. We
would recommend testing any other approach using the same
criteria as this study: the range of item bank scores captured,
monotonicity in mean valuations, participant assessments
of difficulty, and semi-structured exit interviews with par-
ticipants. Third, we assume but do not test that the specific
items selected from an item bank will have no impact on
the valuations; future work should directly test this assump-
tion. It should be noted that the valuations obtained in this
study are not intended for applied research; rather, they were
meant to test different methodologies. Fourth, we tested the
methods with three different item banks but have not tested
the methods in item banks measuring domains like cogni-
tion, pain, or social function.

In conclusion, we have developed an acceptable method
to present health-state descriptions for IRT-calibrated item
banks. This method uses two carefully selected items and
presents them in combination. It captures a wide area of
the underlying construct, is readily understood by commu-
nity members, and produces monotonic valuations over the
underlying construct. Our recommendation is strengthened
by consistent findings in three distinct item banks: depres-
sion, physical functioning, and sleep disturbance. While the

@ Springer



1840

Quality of Life Research (2018) 27:1835-1843

Fig.2 a Mean standard gamble
scores for each presentation
method in the Depression item
bank. b Mean standard gamble
scores for each presentation
method in the Physical Function
item bank. ¢ Mean standard
gamble scores for each pres-
entation method in the Sleep
Disturbance item bank
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present study used PROMIS as an exemplar, the method can
be applied to any descriptive system developed using IRT.
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