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Objectives:We aimed to compare measurement properties of the 5-level version of EQ-5D (EQ-5D-5L) and 2 Patient-Reported
Outcomes Measurement Information System (PROMIS) short forms, PROMIS-2912 and PROMIS Global Health (PROMIS-GH-
10), and of EQ-5D-5L and PROMIS-preference scoring system (PROPr) utilities.

Methods: A cross-sectional survey was conducted in a general population sample in Hungary (N = 1631). We compared the
following measurement properties at the level of items, domains, and utilities, the latter using corresponding US value sets:
ceiling and floor, informativity (Shannon’s indices), agreement, convergent, and known-group validity. For the analyses,
PROMIS items/domains were matched to EQ-5D-5L domains that cover similar concepts of health.

Results: The majority of PROMIS items showed enhanced distributional characteristics, including lower ceilings and higher
informativity than the EQ-5D-5L. Good convergent validity was established between EQ-5D-5L and PROMIS domains
capturing similar aspects of health. Mean EQ-5D-5L utilities were substantially higher than those of PROPr (0.864 vs
0.535). EQ-5D-5L utilities correlated moderately or strongly with PROPr (r = 0.61), PROMIS-GH-10 physical (r = 0.68), and
mental health summary scores (r = 0.53). EQ-5D-5L utilities decreased with age, whereas PROPr utilities slightly increased
with age. EQ-5D-5L utilities discriminated significantly better in 12/28 (ratio of F-statistics) and 18/26 (area under the
receiver-operating characteristics curve ratio) known groups defined by age, self-perceived health status, and self-reported
physician-diagnosed health conditions, including hypertension, diabetes, coronary heart disease, chronic kidney disease,
and stroke.

Conclusions: This study provides comparative evidence on the measurement properties of EQ-5D-5L, PROMIS-2912, and
PROMIS-GH-10 and informs decisions about the choice of instruments in population health surveys for assessment of
patients’ health and for cost-utility analyses.
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Introduction

Generic health status measures are increasingly used to
inform decision making in public health and healthcare policy.
These instruments are intended to assess general aspects of
health without targeting any specific condition or treatment,
and thus, they are appropriate for use across diverse patient
groups and the general population. Specific type of generic
health status measures are preference-accompanied measures,
which have a set of health utilities (ie, value set) reflecting
societal preferences for all health states possibly described by
the instrument. In cost-utility analyses, health utilities are
needed to estimate the impact of health interventions in terms
of quality-adjusted life-years (QALYs). Examples of commonly
used preference-accompanied measures include the EQ-5D,
15/Copyright ª 2023, International Society for Pharmacoeconomics and Ou
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SF-6D, Health Utilities Index (HUI), Assessment of Quality of
Life, and 15D.1,2

The Patient-Reported Outcomes Measurement Information
System (PROMIS) initiative, launched by the National Institutes of
Health in the United States in 2004, has developed item banks for
over 100 different health domains.3 The item development
benefited from advanced psychometric methods, such as item
response theory.4 The item banks enable administration both
through computerized adaptive testing and custom or fixed-
lengths short forms, for example, PROMIS-29, -43, and -57 adult
profile measures and the PROMIS Global Health (PROMIS-GH-
10).5,6 Seven PROMIS domains were selected to be included in
descriptive system suitable for valuation,7 and a value set, the
PROMIS-Preference scoring system (PROPr), was developed for
these based on standard gamble method.8
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In recent years, a rapid growth has been seen in the utilization
of PROMIS instruments in the United States, and its international
use is also gradually expanding.9 It is a commonly accepted
approach to compare emerging instruments with well-established
ones for which positive evidence of measurement properties is
already available in multiple populations and contexts. The EQ-5D
is the most widely used generic preference-accompanied measure
that is also recommended in numerous pharmacoeconomic
guidelines around the world.10-13 There is a large body of evidence
supporting its validity and reliability across a broad range of
populations and conditions.14,15 Originally the EQ-5D had 3
response levels in each domain (EQ-5D-3L) that was later
extended to 5 (EQ-5D-5L).16,17 In many populations, the EQ-5D-5L
shows improved distributional characteristics, informativity,
construct validity, and responsiveness.15,18-20

Taking into account the type, content, size, and purpose of the
instrument, 2 existing PROMIS instruments are suitable for a
comparison with the EQ-5D-5L as generic measure of health. The
first one, PROMIS-29, is the shortest PROMIS adult profile mea-
sure, an extended version of which PROMIS-2912 can be used to
generate PROPr utilities.5,8 The second one, PROMIS-GH-10, is a
short form consisting of global items to evaluate health in general
rather than focusing on specific elements of health.6 Several
studies have contrasted the measurement properties of PROMIS-
29 and PROMIS-GH-10 or PROPr and EQ-5D utilities.6,21-33

Nevertheless, earlier comparative studies had their own limita-
tions, including (1) using the EQ-5D-3L when EQ-5D-5L was
available,30,31 (2) administering the PROMIS-29 and mapping
cognitive function domain scores from other domain responses
instead of using the PROMIS-2912,25,27,32,33 (3) focusing on only 1
or a limited number of measurement properties,6,21-25,27-33 (4)
providing a comparison of the characteristics of value sets without
using any respondent data,26 (5) relying on a value set developed
before the introduction of the EuroQol Valuation Technology
protocol,22-24 or (6) testing the questionnaires in a limited number
of languages (English, German, French, or Dutch).6,21-25,27-33 Our
objective is, therefore, to compare measurement properties of the
Hungarian version of EQ-5D-5L with those of the PROMIS-2912
and PROMIS-GH-10 instruments and EQ-5D-5L and PROPr utili-
ties in Hungary.
Methods

Data Collection

An online cross-sectional survey was carried out involving a
large general population sample in Hungary (n = 1700). Adults
aged 18 years or over that gave their informed consent were
eligible to participate in the study. Data were collected by a panel
company in November 2020. Panel members received points as a
reward for completing the survey. “Soft” quotas were used to
obtain a broadly representative sample across age, gender, edu-
cation, place of living, and region according to census data from
the Hungarian Central Statistical Office. The Research Ethics
Committee of the Corvinus University of Budapest granted
approval for the survey (no. KRH/343/2020).

Measures

The Hungarian versions of EQ-5D-5L, PROMIS-2912 v2.1, and
PROMIS-GH-10 v1.2 were administered in a fixed order as part of a
longer questionnaire (Appendix 1 in Supplemental Materials
found at https://doi.org/10.1016/j.jval.2023.02.002).34 Participants
were also asked about their age, gender, level of education, marital
and employment status, place of living, region, and self-perceived
health status (5-point rating scale). Data on health conditions
were recorded using a 2-step approach. First, using a predefined
list of common chronic health conditions or chronic consequences
of acute conditions, respondents were asked to report whether
they experienced one or more conditions in the last 12 months.
The items on the list were selected from the European Health
Interview Survey supplemented by a few other prevalent condi-
tions in the population.35 In the second step, respondents required
to indicate those conditions that had been diagnosed by a physi-
cian. There were no missing data on the survey because all
questions were compulsory.

5-level version of EQ-5D
EQ-5D-5L is a preference-accompanied measure composed of

2 parts: a descriptive system and a visual analogue scale with
endpoints of 0 (the worst imaginable health) and 100 (the best
imaginable health).17 The descriptive system covers 5 domains of
health (mobility, self-care, usual activities, pain/discomfort, and
anxiety/depression), each consisting of 1 item. All 5 items have 5
severity-format response levels (“no problems” to “extreme
problems”/“unable to”) that together define overall 3125 health
states. Both the descriptive system and EQ visual analogue scale
use the day of completion (today) as a recall period. The US EQ-
5D-5L value set was used to derive utilities that had been devel-
oped using the composite time trade-off method.36 The theoret-
ical range of EQ-5D-5L utilities was 20.573 to 1.

PROMIS measures
PROMIS-2912, a preference-accompanied measure, is an

extended version of the PROMIS-29 short form profile measure.
PROMIS-29 covers the following 7 domains of health: physical
function, anxiety, depression, fatigue, sleep disturbance, ability to
participate in social roles and activities (hereafter referred to as
social roles), and pain interference.37 Each domain is represented
by 4 items. In addition, the measure assesses pain intensity using a
0-10 numeric rating scale. In PROMIS-2912, the 7 core domains
are supplemented by an eighth domain of cognitive function
(Cognitive Function Abilities v2.0 short form), which consists of 2
items. Six domains use a 7-day recall period, whereas the physical
function and social roles domains do not specify a recall period.
For all domains, the items use a 5-point response scale varying
across levels of difficulty (ie, “without any difficulty” to “unable to
do”), frequency (“never” to “always”), severity (“not at all” to “very
much”), and global rating (“very poor” to “very good”) formats. For
all 8 domains, raw scores are computed by adding up respective
item scores measured on a 4 to 20 scale for the 7 core domains
and 2 to 10 for cognitive function. A higher score represents more
of the concept being measured; thus, for scales of function (ie,
physical function, social role, and cognitive function) a higher
score corresponds to a better health status, and for all other do-
mains, a higher score indicates worse health status. Utilities may
be computed based on available responses because the 7 PROMIS
domains needed for PROPr utilities are all covered by PROMIS-
2912.8 Building on PROMIS-2912, the total number of unique
health states described by PROPr is 217238121, and the theoret-
ical range of utilities is 20.022 to 0.954. Nevertheless, if using
other PROMIS measures (eg, custom short forms for the 7
domains), it is possible for PROPr to reach 1.

PROMIS-GH-10 is a 10-item measure that includes ratings of 4
general items (health, quality of life, physical health, and mental
health) and 6 other items capturing 5 domains of health: physical
function (1 item), fatigue (1 item), pain (1 item, identical to the
pain intensity scale of PROMIS-2912), emotional distress (1 item),
and social health (2 items).6 Each question has 5 response choices,
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Table 1. Ceiling, floor, informativity, and correlation between matched EQ-5D-5L and PROMIS-2912 and PROMIS-GH-10 items.

EQ-5D-5L PROMIS EQ-5D-5L vs PROMIS

Domain Ceiling,
%

Floor,
%

Shannon’s
index (H0)*

Shannon’s
evenness
index (J0)*

Item Ceiling,
%

Floor,
%

Shannon’s
index (H0)*

Shannon’s
evenness
index (J0)*

DCeiling,
%†

DFloor,
%†

D J0 rs
‡

MO 70.4 0.1 1.29
(1.23-1.36)

0.56
(0.53-0.58)

PF2 - going up and down
stairs at a normal pace

65.1 1.4 1.48 (1.42-1.54) 0.64 (0.61-0.67) 25.3§ 1.3§ 0.08§ 20.61

PF3 - going for a walk of at
least 15 minutes

83.0 1.4 0.94 (0.87-1.02) 0.41 (0.37-0.44) 12.6§ 1.3§ 20.15§ 20.54

Global06 - physical activities
(eg, walking, climbing stairs)

58.4 1.5 1.6 (1.55-1.65) 0.69 (0.67-0.71) 212§ 1.5§ 0.13§ 20.55

SC 92.5 0.2 0.5
(0.43-0.56)

0.21
(0.19-0.24)

- - - - - - - - -

UA 78.8 0.1 1.01
(0.95-1.08)

0.43
(0.41-0.46)

PF1 - vacuuming and
yard work

77.4 1.2 1.11 (1.04-1.18) 0.48 (0.45-0.51) 21.3 1.1§ 0.05 20.58

PF4 - run errands and shop 84.3 0.9 0.87 (0.8-0.95) 0.38 (0.35-0.41) 5.5§ 0.7§ 20.06 20.49

SR1 - doing regular leisure
activities with others

50.9 2.8 1.8 (1.75-1.85) 0.77 (0.75-0.8) 227.9§ 2.6§ 0.34§ 20.45

SR2 - doing family activities 60.7 2.5 1.62 (1.56-1.68) 0.7 (0.67-0.72) 218.1§ 2.3§ 0.26§ 20.42

SR3 - doing usual work
(include work at home)

50.2 1.6 1.76 (1.71-1.81) 0.76 (0.74-0.78) 228.6§ 1.5§ 0.32§ 20.48

SR4 - doing activities with
friends

55.7 3.4 1.76 (1.71-1.82) 0.76 (0.74-0.78) 223.1§ 3.3§ 0.32§ 20.45

Global05 - satisfaction with
social activities and
relationships

14.6 6.3 2.13 (2.1-2.17) 0.92 (0.91-0.93) 264.2§ 6.2§ 0.48§ 20.31

Global09 - usual social
activities and roles

15.9 3.8 2.07 (2.03-2.1) 0.89 (0.87-0.9) 262.9§ 3.7§ 0.46§ 20.30

PD 56.2 0.5 1.5
(1.45-1.55)

0.64
(0.62-0.67)

P1 - pain interference with
day to day activities

56.7 1.7 1.65 (1.6-1.71) 0.71 (0.69-0.74) 0.5 1.2§ 0.07§ 0.59

P2 - pain interference with
work around the home

59.8 2.8 1.63 (1.57-1.69) 0.7 (0.68-0.73) 3.6§ 2.3§ 0.06§ 0.56

P3 - pain interference with
social activities

67.1 2.4 1.48 (1.41-1.54) 0.64 (0.61-0.66) 10.9§ 1.9§ 20.01 0.53

P4 - pain interference with
household chores

60.4 2.4 1.6 (1.54-1.66) 0.69 (0.68-0.73) 4.2§ 1.9§ 0.04§ 0.55

Pain intensity 0-10 31.6 6.6 2.92 (2.87-2.97) 0.84 (0.83-0.86) 224.6§ 6.1 0.23§ 0.63

F1 – fatiguedǁ 33.7 3.4 1.99 (1.94-2.03) 0.86 (0.84-0.87) 222.4§ 2.9§ 0.21§ 0.44

F2 - trouble starting thingsǁ 44.5 3.6 1.89 (1.85-1.94) 0.81 (0.79-0.84) 211.7§ 3.1§ 0.17§ 0.47

F3 - run-downǁ 41.1 2.7 1.9 (1.85-1.94) 0.82 (0.8-0.84) 215§ 2.2§ 0.17§ 0.47

F4 - fatigued on averageǁ 34.4 3.6 1.96 (1.92-2) 0.84 (0.82-0.86) 221.8§ 3.1§ 0.2§ 0.44

Global08 - fatigueǁ 24.0 1.0 1.85 (1.82-1.89) 0.8 (0.78-0.82) 232.1§ 0.6 0.15§ 20.49

Global07 - pain 30.1 6.9 2.91 (2.86-2.96) 0.88 (0.83-0.86) 226.1§ 6.4 0.23§ 0.63

AD 66.1 1.0 1.36
(1.30-1.42)

0.59
(0.56-0.61)

A1 - fearful 53.5 1.5 1.71 (1.65-1.76) 0.73 (0.71-0.76) 212.6§ 0.5 0.15§ 0.63

A2 - hard to focus on
anything other than
anxiety

68.7 1.1 1.38 (1.31-1.44) 0.59 (0.56-0.62) 2.6§ 0.1 0.01 0.62

A3 - overwhelming worries 57.3 2.5 1.68 (1.63-1.74) 0.73 (0.7-0.75) 28.8§ 1.5§ 0.14§ 0.61

A4 - uneasy 40.6 2.6 1.92 (1.88-1.97) 0.83 (0.81-0.85) 225.5§ 1.6§ 0.24§ 0.62

D1 - worthless 64.9 2.1 1.53 (1.47-1.6) 0.66 (0.63-0.69) 21.2 1.2§ 0.07§ 0.57

D2 - helpless 51.9 2.3 1.81 (1.76-1.86) 0.78 (0.76-0.8) 214.2§ 1.3§ 0.2§ 0.59

D3 - depressed 68.2 1.9 1.45 (1.38-1.52) 0.62 (0.6-0.65) 2.1§ 0.9§ 0.04§ 0.73

D4 - hopeless 61.6 3.3 1.64 (1.57-1.7) 0.7 (0.68-0.73) 24.5§ 2.3§ 0.12§ 0.64

Global04 - mental health
(incl. mood and
ability to think)

15.0 5.7 2.14 (2.11-2.17) 0.92 (0.91-0.93) 251.1§ 5.6§ 0.33§ 20.55

Global10 - emotional
problems (anxious,
depressed or irritable)

38.4 2.4 1.97 (1.93-2.01) 0.85 (0.83-0.87) 227.7§ 1.4§ 0.26§ 20.65

- - - - - C1 - being able to
concentrate

41.2 6.1 1.87 (1.83-1.92) 0.81 (0.61-0.66) - - - -

continued on next page
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Table 1. Continued

EQ-5D-5L PROMIS EQ-5D-5L vs PROMIS

C2 - being able to
remember to do things

51.3 6.6 1.75 (1.7-1.81) 0.76 (0.66-0.71) - - - -

- - - - - S1 - sleep quality 17.5 2.6 1.98 (1.94-2.02) 0.85 (0.83-0.87) - - - -

S2 - refreshing sleep 11.4 16.2 2.21 (2.18-2.24) 0.95 (0.94-0.96) - - - -

S3 - problem with sleep 42.2 3.3 1.95 (1.91-2) 0.84 (0.82-0.86) - - - -

S4 - difficulty falling asleep 44.1 4.5 1.97 (1.93-2.01) 0.85 (0.83-0.87) - - - -

- - - - - Global01 - health 10.2 5.2 2.07 (2.03-2.1) 0.89 (0.87-0.91) - - - -

Global02 - quality of life 9.5 4.6 2.01 (1.97-2.05) 0.86 (0.85-0.88) - - - -

Global03 - physical health 9.1 6.3 2.06 (2.02-2.1) 0.89 (0.87-0.9) - - - -

EQ VAS 7.2 2.0 5.6
(5.67-5.53)

0.84
(0.83-0.85)

- - - - - - - - -

AD indicates anxiety/depression; EQ-5D-5L, 5-level version of EQ-5D; MO, mobility; PD, pain/discomfort; PROMIS, Patient-Reported Outcomes Measurement Information
System; SC, self-care; UA, usual activities; VAS, visual analogue scale.
*Confidence intervals for Shannon’s indices were computed with 3000 bootstrap replications.
†The difference in ceiling and floor was tested by McNemar’s test.
‡All Spearman’s correlation coefficients were statistically significant (P , .05).
§Indicates a statistically significant difference between the EQ-5D-5L domain and its matched PROMIS item pair (P , .05).
ǁFatigue PROMIS items were matched to PD as fatigue was considered a form of discomfort.
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with the exception of the pain scale. PROMIS-GH-10 uses severity,
frequency, and global rating format response levels similar to
PROMIS-2912. Three items (emotional distress, fatigue, and pain)
are assessed for the previous 7 days; in 6 items the recall period is
unanchored (ie, ‘in general’), and the physical function item has no
recall period. Global physical and mental health summary scores
can be computed, each using responses of the 4 corresponding
items.6

Statistical Analyses

We observed some inconsistencies in the data and the decision
was taken to exclude 69 respondents before the data analysis
(Appendix 2 in Supplemental Materials found at https://doi.org/1
0.1016/j.jval.2023.02.002).

The EQ-5D-5L and PROMIS measures were compared at the
level of items, domains, and utilities.38 The analytical strategy
adopted here builds on previous studies on the comparative per-
formance of different generic health status measures.19,39-42

Whereas the EQ-5D-5L has a Hungarian value set,43 a national
value set for PROPr has so far been developed only in the United
States.8 For the sake of consistency, we decided to use US value
sets for both measures to generate utilities.8,36

Item- and domain-level analyses
To study floor and ceiling, the distribution of responses clas-

sified into the worst and best possible health state (ie, profile) on
one measure were examined across the items of the other mea-
sure(s). Floor and ceiling were also assessed for the individual
items of all measures by computing the relative frequencies of
respondents selecting the worst and best possible response op-
tions. PROMIS items were matched to EQ-5D-5L items that cover
the same or similar concept of health based on the authors’ expert
opinion. We created 25 and 7 item pairs with the PROMIS-2912
and PROMIS-GH-10, respectively (Table 1). Lower ceiling and
higher floor were assumed for most PROMIS items because of
their longer recall period, positively worded items and “non-
severity” response scales.44,45 The difference in ceiling and floor
between the EQ-5D-5L and PROMIS measures was tested by
McNemar’s test. P values , .05 were considered statistically
significant.

Convergent and divergent validity across EQ-5D-5L and
PROMIS items were tested by Spearman’s correlations. We hy-
pothesized moderate or strong correlations between items or
domains aiming to capture similar aspects of health. Correlation
coefficients were interpreted as very weak (, 0.20), weak
(0.20-0.39), moderate (0.40-0.59), strong (0.60-0.79), and very
strong ($ 0.80).46

Informativity was analyzed by using Shannon’s indices.47,48

Shannon’s index (H0) captures absolute informativity, whereas
Shannon’s evenness index (J0) measures the relative informativity
of the distribution adjusted for the number of response cate-
gories.39 The following formulas were used to compute Shannon’s
indices:

H
0 ¼2

XL

i¼l

pi log2pi

J
0 ¼ H

0

log2 L

in which L denotes the number of response options in an item and
pi is the percentage of respondents choosing the ith response
option.39 Both for H0 and J0, a higher score indicates that more
information is captured by the item. We calculated 95% confidence
intervals (CIs) for H0 and J0 using a bootstrap method with 3000
replications.49 We hypothesized that more variation would be
captured by PROMIS items using milder and (often) positive fre-
quency and global rating labels.

Comparison of utilities
Histograms were plotted to visually assess the distribution of

the utilities. Ceiling and floor were detected by computing the
relative frequencies of respondents scoring the highest and lowest
score in the range of the value set. To assess efficiency of use of the
utility scale, we used Shannon’s indices as described above.

https://doi.org/10.1016/j.jval.2023.02.002
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Nevertheless, the nearly 70 000-fold higher number of possible
health states with the PROPr could limit the comparison. Thus, to
create comparable categories, we divided the utility range using a
fixed bin width of 0.05.39

The degree of agreement between EQ-5D-5L and PROPr utilities
was determined based on an intraclass correlation coefficient (ICC)
and a Bland-Altmanplot. ICCwas computed using a 2-way random-
effects model based on an absolute agreement.50 The ICC valuewas
interpreted as follows:0-0.39, poor;0.40-0.59, fair; 0.60-0.74, good;
and 0.75 to 1, excellent.51 In the Bland-Altman plot, a mean differ-
ence close to 0 with 95% of the observations falling between the
limits of agreement represented a good agreement.52

Convergent and divergent validity tests involved Pearson’s
correlation analysis across EQ-5D-5L and PROPr domains and
utilities. We expected strong correlations between EQ-5D-5L and
PROPr utilities.22,24,25,27,32,33

EQ-5D-5L and PROPr utilities were compared by using Wil-
coxon signed-rank test. Both parametric (analysis of variance) and
nonparametric (receiver-operating characteristics curve [ROC])
tests were used to assess whether the EQ-5D-5L or PROPr utility
scores are able to discriminate across known groups of re-
spondents based on age groups (18-24, 25-34, 35-44, 45-54, and
651), self-perceived health status (excellent, very good, good, fair,
and poor), and the presence of any self-reported physician-diag-
nosed health conditions (those with a certain condition vs
“healthy” group). We hypothesized lower utilities with respect to
increasing age, worse health status, and health conditions. An
instrument’s relative efficiency in distinguishing between groups
was defined as the ratio of F-statistics in the analysis of variance or
area under the ROC (AUROC) curve values. We used PROPr as a
reference (in the denominator) to calculate relative efficiency, thus
a ratio . 1 indicated that EQ-5D-5L was more efficient in dis-
tinguishing across groups. We calculated 95% CIs for ratios of
F-statistics and AUROC values using 3000 bootstrap replications to
test whether the ratios were significantly different from 1. All
statistical analyses were performed with Stata 16 (StataCorp LLC,
College Station, TX).
Results

Comparing the Descriptive Systems

Distribution, ceiling, and floor
Appendix 3 in Supplemental Materials found at https://doi.

org/10.1016/j.jval.2023.02.002 shows the demographic and
health-related characteristics of the respondents. Of the 1631
participants, 658 (40.3%) classified into the best health state in the
EQ-5D-5L, whereas this was 41 (2.5%) and 27 (1.7%) with the
PROMIS 2912 and PROMIS-GH-10, respectively. Of all theoreti-
cally possible health state profiles, respondents used 6.7% in the
EQ-5D-5L and 0.0006% in the PROPr (with PROMIS-2912)
(Table 2). In the EQ-5D-5L, 71.2% of the sample reported to be in
one of the 10 most common health state profiles, whereas this rate
was merely 9.1% for PROPr (with PROMIS-2912).

For those reporting the best possible health on the EQ-5D-5L,
PROMIS items demonstrated some level of impairment (Fig. 1).

The ceiling for the 5 EQ-5D-5L items ranged between 56.2%
(pain/discomfort) and 92.5% (self-care) (Table 1). In PROMIS-
2912, the minimum and maximum ceiling were 11.4%
(refreshing sleep) and 84.3% (run errands and shop), whereas in
PROMIS-GH-10, it ranged from 9.1% (physical health) to 58.4%
(physical activities). Floors generally were small for all EQ-5D-5L
and PROMIS items, with the highest proportion achieved by the
positively phrased PROMIS-2912 item, refreshing sleep (16.2%).
Of the 25 matched item pairs, PROMIS-2912 showed lower
ceilings in 15 cases (60.0%) and the EQ-5D-5L in 7 cases (28.0%) (P,

.05). EQ-5D-5L demonstrated lower floor in 22/25 pairs (88.0%) (P,

.05). PROMIS-GH-10 showed significantly lower ceilings in all 7 item
pairs (P , .05). EQ-5D-5L exhibited lower floor effects in 5 (71.4%)
pairs (P , .05). In the rest of the pairs, there was no statistically sig-
nificant difference between EQ-5D-5L and PROMIS items.

Informativity
For the 5 EQ-5D-5L items, Shannon’s evenness index (J0) values

ranged between 0.21 (self-care) and 0.64 (pain/discomfort)
(Table 1). Range of J0 values for PROMIS items was wider varying
between 0.38 (run errands and shop) and 0.95 (refreshing sleep)
for PROMIS-2912 and between 0.69 (physical activities) and 0.92
(mental health) for PROMIS-GH-10.

Of the 25 matched item pairs, PROMIS-2912 showed signifi-
cantly better relative informativity in 19 pairs (76.0%) and the EQ-
5D-5L in 1 pair (4.0%). The remainder pairs did not differ signifi-
cantly. PROMIS-GH-10 demonstrated significantly better relative
informativity in all 7 pairs.

Convergent and divergent validity
In line with our expectations, the majority of 25 PROMIS-

2912 and 7 PROMIS-GH-10 items demonstrated at least mod-
erate correlations with their paired EQ-5D-5L items (Table 1).
With regard to the domains, the strongest correlations across
domains were observed between EQ-5D-5L anxiety/depression
and PROMIS-2912 anxiety and depression (Table 3). As expected,
the sleep disturbance and cognitive function PROMIS-2912 do-
mains that have no corresponding EQ-5D-5L domains were
(very) weakly correlated with all EQ-5D-5L domains, with the
exception of the PROMIS-2912 sleep disturbance versus EQ-5D-
5L anxiety/depression. Similarly, the self-care EQ-5D-5L domain
showed low correlations with all PROMIS domains with the
exception of PROMIS-2912 physical functioning and pain
interference.

Comparison of EQ-5D-5L and PROPr Utilities

Distribution, ceiling and floor, and informativity
The EQ-5D-5L utilities were negatively skewed, clustering at 1,

whereas PROPr utilities showed an almost even distribution
(Fig. 2). A considerably smaller range of the utility scale was used
by PROPr than by the EQ-5D-5L (range 0.954 vs 1.318) (Table 2).
PROPr utilities indicated a substantially lower ceiling than EQ-5D-
5L (2.3% vs 40.3%). Overall 1.0% of all utilities were negative with
the EQ-5D-5L, whereas none were with PROPr. When the utility
range was divided into 0.05 bins, both the absolute and relative
informativity were significantly higher for PROPr.

Agreement
EQ-5D-5L utilities were higher than PROPr utilities in 97.1% of

respondents. The mean utility for the EQ-5D-5L was substantially
higher than that of PROPr (0.864 vs 0.535, P , .05). The ICC for
agreement was fair (0.444 [95% CI 20.211 to 0.744]). The Bland-
Altman plot indicated that 95.9% of the difference in utilities
were between the limits of agreement (Fig. 2). The lack of
agreement tended to increase at the lower end of the utility scale.

Convergent and divergent validity of EQ-5D-5L and
PROPr utilities

Physical function, pain interference, and social role PROMIS-
2912 domains showed the strongest, whereas cognitive func-
tion and sleep disturbance the lowest, correlations with EQ-5D-
5L utilities (Table 3). There was a strong correlation between

https://doi.org/10.1016/j.jval.2023.02.002
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Table 2. Comparison of EQ-5D-5L and PROPr health state profiles and utilities.

Characteristics EQ-5D-5L PROPr

Health state profiles

Theoretical number of health state profiles 3125 217 238 121

Observed number of health state profiles 208 1369

Proportion of health state profiles used, % 6.7 0.0006

Floor, % 0 0

Ceiling, % 40.3 2.3

Shannon’s index (H0)* 4.47 (4.31-4.62) 10.11 (10.05-10.17)

H0 max 11.61 27.69

Shannon’s evenness index (J0)* 0.38 (0.37-0.40) 0.37 (0.36-0.37)

Utilities (US value sets)

Theoretical range 20.573 to 1 20.022 to 0.954

Observed range 20.318 to 1 0 to 0.954

Mean (SD) utility 0.864 (0.198) 0.535 (0.248)

Median (IQR) utility 0.940 (0.815-1) 0.552 (0.336-0.743)

Proportion of negative utilities, % 1.0 0

Utility range (with bin width of 0.05)

Shannon’s index (H’)* 2.91 (2.82-3.00) 4.23 (4.21-4.25)

H’ max 5.32 5.32

Shannon’s evenness index (J’)* 0.55 (0.53-0.56) 0.79 (0.79-0.80)

10 most common
health state profiles

Profile† Utility n % Profile‡ Utility n %

11111 1.000 658 40.3 10,4,4,4,20,4,20 0.954 38 2.3

11112 0.943 113 6.9 10,4,4,4,20,6,20 0.910 24 1.5

11121 0.940 110 6.7 10,4,4,4,20,5,20 0.935 21 1.3

11122 0.883 89 5.5 8,4,4,4,20,6,20 0.827 13 0.8

21121 0.844 55 3.4 10,4,4,4,20,7,20 0.902 12 0.7

21111 0.904 47 2.9 10,4,4,4,20,8,20 0.899 10 0.6

21221 0.776 25 1.5 2,4,4,4,20,12,20 0.285 9 0.6

21122 0.787 24 1.5 10,4,4,4,20,9,20 0.889 7 0.4

11123 0.817 22 1.3 10,4,5,4,20,6,20 0.869 7 0.4

31121 0.818 18 1.1 10,4,5,4,20,7,20 0.861 7 0.4

Total - 1161 71.2 Total - 148 9.1

EQ-5D-5L indicates 5-level version of EQ-5D; IQR, interquartile range; PROPr, Patient-Reported Outcomes Measurement Information System-Preference scoring system.
*Confidence intervals for Shannon’s indices were computed with 3000 bootstrap replications.
†Domain order: mobility, self-care, usual activities, pain/discomfort, anxiety/depression.
‡Domain order: cognitive function, depression, fatigue, pain interference, physical function, sleep, social roles.
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EQ-5D-5L and PROPr utilities. EQ-5D-5L utilities were moder-
ately or strongly correlated with PROMIS-GH-10 summary
scores.
Known-group validity of EQ-5D-5L and PROPr utilities
There were large differences in utilities between EQ-5D-5L

and PROPr, with a mean of 0.329 (range 0.176 [stroke] to
0.408 [dysmenorrhea, endometriosis]) (Table 4). Both EQ-5D-
5L and PROPr were able to distinguish across the majority of
the known groups. EQ-5D-5L discriminated significantly better
in 12/28 (ratio of F-statistics) and 18/26 (AUROC ratio) known
groups. In almost all of the remaining groups, the EQ-5D-5L
demonstrated higher discriminatory power, although the
difference between PROPr and EQ-5D-5L was insignificant.
Mean EQ-5D-5L utilities decreased with age, whereas the
reverse was true for mean PROPr utilities that increased with
age.
Discussion

To our knowledge, this is the first study in the literature to
compare the measurement properties of PROMIS-2912 and EQ-



Figure 1. Self-reported health on PROMIS-2912 and PROMIS Global Health in respondents with 11111 on the EQ-5D-5L (n = 658).

The lightest bars represent the best possible health status, while the darkest bars represent the worst possible health status. The order of items follows
their order of appearance in the questionnaires.
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5D-5L and also the first to compare EQ-5D-5L and PROPr utilities
derived from PROMIS-2912. Our study used another widely used
PROMIS instrument, PROMIS-GH-10, that was also compared with
the EQ-5D-5L. A further added value of this research is that, so far,
to our knowledge, this has been the most extensive comparative
study on these 2 PROMIS short forms and the EQ-5D-5L that
included the comparisons of items, domains, and utilities.

One of the largest differences between the descriptive systems
is that EQ-5D-5L is conceptualized around any departure from
“full” or “normal” health, with the best health state indicating “no



Table 3. Convergent validity of the EQ-5D-5L, PROMIS-2912, PROPr, and PROMIS-GH-10 domains and summary scores.

Measure EQ-5D-5L

EQ VAS Mobility Self-care Usual
activities

Pain/
discomfort

Anxiety/
depression

EQ-5D-5L
utility

PROMIS-2912 Physical function 0.54 20.64 20.59 20.62 20.55 20.31 0.70

Anxiety 20.40 0.17 0.19 0.32 0.38 0.71 20.46

Depression 20.44 0.21 0.24 0.36 0.42 0.74 20.52

Fatigue 20.47 0.29 0.26 0.41 0.52 0.58 20.54

Sleep disturbance 20.40 0.21 0.17 0.28 0.38 0.43 20.38

Social role 0.52 20.45 20.37 20.52 20.54 20.51 0.63

Pain interference 20.53 0.55 0.46 0.54 0.62 0.36 20.66

Cognitive function 0.18 20.08 20.10 20.14 20.12 20.22 0.17

Pain intensity scale (0-10) 20.49 0.45 0.34 0.42 0.63 0.33 20.56

PROPr utility 0.55 20.43 20.32 20.49 20.55 20.55 0.61

PROMIS-GH-10 Mental health summary score 0.52 20.29 20.24 20.37 20.46 20.60 0.51

Physical health summary score 0.66 20.58 20.43 20.56 20.67 20.45 0.70

Note. For all EQ-5D-5L domains and PROMIS-2912 Anxiety, Depression, Fatigue, Sleep disturbance, and pain interference domains and the pain intensity scale, higher
scores reflect worse health status. For all other variables, higher scores refer to better health status.
EQ-5D-5L indicates 5-level version of EQ-5D; PROMIS, Patient-Reported Outcomes Measurement Information System; PROMIS-GH-10, PROMIS Global Health; PROPr
indicates PROMIS-Preference scoring system; VAS, visual analogue scale.
All correlation coefficients are P , .05.

1052 VALUE IN HEALTH JULY 2023
problems” in all domains. PROMIS instruments, however, are
overall conceptualized around positive health, including fre-
quency labels indicating that some problems are never experi-
enced (both PROMIS measures) and positive labels, such as
“excellent” and “very good” (PROMIS-GH-10). This is reflected by
the largest differences in ceilings and in informativity for the
PROMIS items compared with EQ-5D using these labels. Further-
more, the distributional characteristics of the PROMIS measures
are further enhanced by including domains with more common
and frequently occurring problems, such as sleep disturbance and
fatigue, but also by including well-being items (eg, hopeless,
worthless, social role).

Recall period is a further characteristic that may be responsible
for the differences between EQ-5D-5L and PROMIS. The EQ-5D-5L
Figure 2. Characteristics of EQ-5D-5L and PROPr utilities.
asks the respondent to report a shorter recall period (today) that
carries the risk of understating health problems if the respondent
is not experiencing those on the day of completion. Many PROMIS-
2912 and PROMIS-GH-10 items use a longer recall period (past 7
days) that could further contribute to their lower ceiling and
higher relative informativity. On the other hand, several lines of
research have provided evidence that a longer recall period may
result in reduced accuracy of self-reporting health
problems.45,53,54

Although physical health is known to gradually decline with
age, the literature is inconclusive regarding the pattern of change
in mental and social health with different studies reporting
declining, improving, or flat trajectories or a U-shaped curve over
the adult lifespan.55 General population reference values suggest



Table 4. Known-group validity of the EQ-5D-5L and PROPr utilities.

Known groups n EQ-5D-5L PROPr EQ-5D-5L vs PROPr

Mean SD Mean
difference*

Mean SD Mean
difference*

Mean
difference

Relative efficiency
(F-test ratio
[EQ-5D-5L/PROPr])†

AUROC ratio
[EQ-5D-5L/PROPr]
(95% CI)†

Age groups

18-24 141 0.912 0.114 - 0.504 0.232 - 0.408 - -

25-34 284 0.890 0.173 0.022 0.511 0.242 20.007 0.379 5.873 (2.382-55.276) n/a

35-44 295 0.895 0.154 20.004 0.533 0.247 20.021 0.362
45-54 281 0.864 0.210 0.031 0.551 0.255 20.019 0.313
55-64 287 0.835 0.237 0.029 0.550 0.258 0.001 0.285
651 343 0.821 0.220 0.014 0.544 0.244 0.006 0.277

Self-perceived
health status

Excellent 134 0.972 0.083 - 0.688 0.243 - 0.284 - -

Very good 386 0.959 0.085 0.013 0.670 0.206 0.018 0.290 1.961 (1.572-2.449) n/a

Good 658 0.909 0.110 0.051 0.559 0.212 0.110 0.349
Fair 367 0.755 0.192 0.154 0.380 0.194 0.180 0.375
Poor 86 0.395 0.327 0.360 0.171 0.147 0.209 0.224

Physician-diagnosed
health conditions‡

Healthy 396 0.955 0.118 - 0.652 0.234 - 0.303 - -

Allergies 284 0.829 0.211 0.126 0.470 0.244 0.182 0.360 1.012 (0.62-1.58) 1.054 (0.999-1.11)

Dysmenorrhea,
endometriosis

52 0.821 0.244 0.134 0.413 0.252 0.239 0.408 0.914 (0.34-2.02) 0.933 (0.838-1.034)

Dermatological diseases 121 0.796 0.247 0.160 0.465 0.241 0.187 0.331 1.611 (0.897-2.687) 1.062 (0.993-1.132)

Cancer (including
leukemia, lymphoma)

35 0.787 0.173 0.169 0.437 0.215 0.214 0.349 2.18 (0.81-5.062) 1.143 (1.042-1.243)

Hypertension 477 0.783 0.253 0.173 0.485 0.253 0.167 0.297 1.548 (1.084-2.284) 1.14 (1.091-1.194)

Diabetes 175 0.768 0.273 0.188 0.477 0.254 0.174 0.290 2.054 (1.27-3.278) 1.128 (1.064-1.202)

Asthma 103 0.765 0.259 0.190 0.398 0.222 0.254 0.367 1.207 (0.714-1.973) 1.037 (0.974-1.103)

Cataract 78 0.756 0.239 0.199 0.455 0.237 0.197 0.301 2.658 (1.419-5.005) 1.17 (1.092-1.264)

Glaucoma 23 0.752 0.165 0.204 0.389 0.218 0.263 0.363 2.206 (0.781-5.718) 1.122 (1.004-1.242)

GERD 165 0.751 0.238 0.204 0.394 0.234 0.258 0.357 1.294 (0.815-1.95) 1.074 (1.024-1.124)

Other visual disorders 221 0.750 0.271 0.206 0.404 0.254 0.247 0.345 1.139 (0.759-1.624) 1.061 (1.015-1.111)

Musculoskeletal diseases 491 0.746 0.243 0.209 0.419 0.232 0.233 0.328 1.112 (0.82-1.514) 1.118 (1.075-1.167)

Hyperlipidemia 232 0.746 0.253 0.209 0.419 0.231 0.232 0.327 1.35 (0.924-1.984) 1.11 (1.064-1.161)

Gastric or peptic ulcer 35 0.743 0.204 0.212 0.368 0.249 0.284 0.375 1.905 (0.833-3.981) 1.086 (0.988-1.203)

Bronchitis, emphysema,
COPD

72 0.726 0.290 0.229 0.371 0.220 0.281 0.355 1.445 (0.834-2.448) 1.061 (0.985-1.145)

Arrhythmias 144 0.715 0.297 0.240 0.387 0.254 0.265 0.328 1.397 (0.926-2.044) 1.068 (1.017-1.126)

Hearing problems 96 0.711 0.327 0.244 0.434 0.275 0.218 0.278 2.288 (1.414-3.848) 1.141 (1.061-1.222)

Headache, migraine 135 0.697 0.298 0.258 0.339 0.224 0.313 0.358 1.104 (0.74-1.598) 1.039 (0.993-1.085)

Chronic kidney disease 26 0.688 0.320 0.268 0.417 0.201 0.235 0.271 3.622 (1.59-7.116) 1.122 (1.045-1.221)

Other cardiovascular
diseases

63 0.661 0.320 0.294 0.362 0.249 0.289 0.299 2.209 (1.283-3.554) 1.122 (1.061-1.201)

Coronary heart disease 61 0.645 0.335 0.311 0.369 0.236 0.283 0.276 2.441 (1.459-3.879) 1.11 (1.049-1.172)

Anxiety 167 0.633 0.294 0.322 0.281 0.197 0.371 0.352 1.062 (0.779-1.446) 1.059 (1.028-1.094)

Urinary incontinence 64 0.619 0.348 0.336 0.354 0.263 0.298 0.266 2.498 (1.515-4.002) 1.111 (1.037-1.2)

Depression 127 0.585 0.310 0.370 0.247 0.189 0.405 0.338 1.238 (0.873-1.695) 1.052 (1.023-1.086)

continued on next page
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Table 4. Continued

Known groups n EQ-5D-5L PROPr EQ-5D-5L vs PROPr

Mean SD Mean
difference*

Mean SD Mean
difference*

Mean
difference

Relative efficiency
(F-test ratio
[EQ-5D-5L/PROPr])†

AUROC ratio
[EQ-5D-5L/PROPr]
(95% CI)†

Other psychiatric
diseases

60 0.542 0.341 0.414 0.221 0.183 0.431 0.321 1.749 (1.079-2.679) 1.027 (0.976-1.075)

Stroke 23 0.515 0.397 0.440 0.339 0.252 0.313 0.176 5.043 (2.583-9.186) 1.106 (1.02-1.218)

Note. Columns may not add up because of rounding.
AUROC indicates area under the receiver-operating characteristics curve; COPD, chronic obstructive pulmonary disease; EQ-5D-5L, 5-level version of EQ-5D; GERD,
gastroesophageal reflux disease; n/a, not applicable; PROPr, PROMIS-Preference scoring system.
*For age and self-perceived health status group, mean difference indicates the difference from the previous level and for health conditions it refers to the difference
from the healthy group.
†Confidence intervals were calculated using 3000 bootstrap replications.
‡Sixty-six respondents reported a variety of other chronic diseases in an open-ended text box that are not included in any of the categories.

1054 VALUE IN HEALTH JULY 2023
that utilities derived using most preference-accompanied mea-
sures (eg, EQ-5D-3L, EQ-5D-5L, SF-6D, and HUI) are able to detect
the declining health gradient of age.56-59 Nevertheless, PROPr
utilities show a reverse age gradient, which might question their
face validity. This trend was also observed in most subgroups of
respondents with the exception of the 751 age group in the US
validation study of PROPr.23 The most likely explanation for the
reverse age gradient is that 2 of the 3 PROMIS domains associated
with the largest disutilities in the PROPr value set (depression and
fatigue) are also reversely associated with age in our sample. Face
validity of PROPr utilities is further questioned by mean values
being around 0.50, halfway the QALY scale between full health (1)
and a state considered as bad as being dead (0), which can be
considered a debatable value for a general population sample.

It is worth to compare our findings with those of previous
work using patient or general population samples. At the level of
domains, correlation coefficients from our study are in the range
of those from previous work.22,24,25,27,32,33 Nevertheless, the cor-
relation coefficient between PROPr versus EQ-5D-5L was 0.61 in
Hungary, whereas correlations ranged between 0.67 and 0.74 in
the United States, Canada, Australia, the United Kingdom, Ger-
many, and France.22-25,27,32,33 In these studies, correlations be-
tween PROPr and HUI (range 0.60-0.70) and PROPr and SF-6D
(range 0.71-0.79) were in line with what was observed between
PROPr and EQ-5D-5L. The composition of the study samples (eg,
general population, patients, and mixed sample of patients and
the general population), language versions of the questionnaires,
and to some extent, the slightly different instruments (eg,
PROMIS-2912, PROMIS-29, or PROMIS custom short forms)
administered may also contribute to these differences.

EQ-5D-5L utilities covering a wider range of the utility spec-
trum appear to be more effective in generating differences be-
tween moderate/severe and mild health states. This finding, taken
together with the abovementioned face validity problem with
PROPr, suggests that PROPr is less suited to cost-utility analyses in
which reflecting the full health–dead scale and being able to
distinguish between health states are critical. Thus, using PROPr in
cost-utility analyses may potentially detract from the validity and
reliability of health technology assessment evidence and subse-
quent financial decisions. Future research is needed to explore
how utility and QALY gains from treatment will vary between the
2 measures across patient populations.

Some limitations of this study need to be noted. First, we
recruited a general population quota sample from an online panel
that may be subject to selection bias, because digital literacy and
internet access are requirements for registration. Future studies
are recommended to use random sampling and paper-based
questionnaires to preclude such bias. Second, data on severity
within condition groups were not available; thus, we were not
able to assess how well the 2 measures discriminate across
severity groups. Third, the data collection was carried out during
the second wave of the COVID-19 pandemic that might have
affected health status and, subsequently, measurement properties
of the instruments.60,61 Compared with a pre-COVID general
population survey conducted in 2018-2019 in Hungary using a
similar online mode of administration, respondents in our sample
reported slightly less problems in the mobility, usual activities,
and pain/discomfort domains of the EQ-5D-5L.62 Lastly, the order
of the 3 health status measures within the survey was not ran-
domized, which might have affected responses.
Conclusion

In conclusion, the PROMIS measures show enhanced distri-
butional characteristics, including lower ceiling and higher infor-
mativity, and allow respondents to more easily self-report a wide
range of health problems. Very large differences were observed in
EQ-5D-5L versus PROPr utilities in overall mean values and by
health condition groups but also according to basic demographics.
In comparison with the EQ-5D-5L, PROPr utilities are less effective
in distinguishing between most known groups by physician-
diagnosed health conditions. Future research efforts are recom-
mended to focus on comparing the measurement properties of the
EQ-5D-5L and PROMIS measures across different patient pop-
ulations and severity groups and to examine the impact of the
choice of instrument on cost-utility estimates.
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