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Abstract

Objectives Introduced in 2024, the PROMIS®-16 is a health-related quality of life (HRQoL) instrument that measures eight
dimensions: physical function, ability to participate in social roles and activities, anxiety, depression, sleep disturbance, pain
interference, cognitive function, and fatigue. Given the potential overlap in dimensions, this study compares the measure-
ment and psychometric properties of the PROMIS-16 and EQ-5D-5L.

Methods In 2024, an online cross-sectional survey was conducted with a nationally representative sample of U.S. adults
aged 18 years or older (N=2577), including the EQ-5D-5L and PROMIS-16 as stand-alone instruments. We compared the
measurement properties of the PROMIS-16 and the EQ-5D-5L, namely ceiling and floor percentages, informativity (Shan-
non’s indices), and convergent/divergent validity. Furthermore, we conducted an exploratory factor analysis to identify their
combined structure.

Results Within construct-overlapping items, the PROMIS-16 items exhibited greater dispersion, including lower ceiling
percentages and higher informativity, compared to their EQ-5D-5L counterparts. Good convergent validity between PRO-
MIS-16 and EQ-5D-5L items was observed for physical functioning (mobility; r=0.85) and anxiety/depression (r=0.76—
0.79). EFA captured six distinct constructs: Physical Function, Social Roles & Activities, Anxiety / Depression, Pain Inter-
ference, Cognitive Function, and Sleep / Fatigue. Possibly due to reverse coding, the two Cognitive Function items of
PROMIS-16 showed inconsistent performance, with weak correlations and limited alignment with other constructs.
Conclusions The PROMIS-16 items demonstrated greater conceptual coverage and informativity than the EQ-5D-5L, but
issues with inconsistent framing and potential response biases remained. On the other hand, the EQ-5D-5L demonstrated
stronger concordance with respondents’ global health assessments compared to the PROMIS-16.
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Background modern healthcare [1-3]. With their accessibility and broad
applicability, generic PROMs are accessible tools that can
In recent years, the use of patient-reported outcome mea-  be applied broadly across healthcare settings to evaluate

sures (PROMs) to measure health-related quality of life  patient quality of life. By providing detailed insights into
(HRQoL) has grown significantly with the advancement of =~ HRQoL dimensions, they inform treatment and management
decisions for both healthcare providers and patients [4, 5].
Furthermore, the collection of PROMs data serves as critical
resources for health systems and policymakers, informing
decisions about resource allocation, treatment guidelines,
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In February 2024, Edelen and colleagues introduced a
new generic HRQoL instrument derived from four sources
of items (PROMIS-29+2, PROPr-14, UPMC16, SIGNAL):
the PROMIS-16 profile [12, 13]. Developed to address
limitations of earlier PROMIS Profile measures, the PRO-
MIS-16 was designed as a short, clinically practical alterna-
tive to instruments like the PROMIS-29 v2.0 and PROMIS
Global-10, with potential use in research and clinical
care [12, 13]. While the PROMIS-29 v 2.0 was the short-
est profile available at the time, its length could still pose
challenges for patients and healthcare providers [12, 14].
Meanwhile, the PROMIS Global-10 is not a profile instru-
ment and lacks dimension-specific scores needed for routine
clinical use [12, 15]. The PROMIS-16 includes eight dimen-
sions, each measured by two five-level items: physical func-
tion (PF), ability to participate in social roles and activities
(SOC), pain interference (PI), anxiety (ANX), depression
(DEP), sleep disturbance (SLP), cognitive function (COG),
and fatigue (FTG) [12].

The performance of items may differ between develop-
ment-purpose item-testing surveys (i.e., when completed
alongside multiple similar items) and surveys with stand-
alone instruments due to measurement context depen-
dencies. To date, the PROMIS-16 items have only been
administered alongside other PROMIS items in item-testing
surveys, and no prior survey has used the PROMIS-16 as a
stand-alone instrument. Analyses from prior studies suggest
comparable dimension-specific T-scores to longer PROMIS
profiles; however, because PROMIS-16 responses were
taken directly from PROMIS-29 administrations, such simi-
larity is largely expected by construction [12, 16-19]. As
such, further research is needed to validate PROMIS-16 as
a stand-alone instrument and compare its performance with
other instruments, such as the EQ-5D-5L.

The EQ-5D-5L is a widely used preference-based mea-
sure of HRQoL, comprising a parsimonious descriptive sys-
tem with five dimension-specific items—mobility, self-care,
usual activities, pain/discomfort, and anxiety/depression—
each rated on five levels of severity, along with a visual ana-
logue scale (EQ VAS) that captures self-rated health on a
scale from 0 (the worst health you can imagine) to 100 (the
best health you can imagine) [8, 9, 20-23]. PROMIS-16
exhibits partial conceptual overlap with the EQ-5D-5L, as
both instruments capture key constructs of HRQoL such as
physical functioning (mobility), anxiety, and depression. At
the same time, important differences remain: whereas all
EQ-5D-5L dimensions use a ‘today’ recall period with five
categorical severity levels, PROMIS-16 dimensions (except
PF and SOC) are assessed with a 7-day recall period with
frequency or difficulty response scales [12, 23].

These differences make it informative to examine how
distinct approaches to measuring HRQoL behave when
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administered in the same population. The EQ-5D-5L was
selected as the comparator for PROMIS-16 because it is one
of the most widely used generic HRQoL measures in popu-
lation health research, clinical studies, and health economic
evaluation, providing a well-established reference for inter-
preting measurement properties [8, 9, 20, 21]. Although lon-
ger PROMIS Profile measures have been compared with the
EQ-5D in prior research, it remains unclear whether such
findings extend to ultra-short instruments like PROMIS-16
[24]. In the absence of a closer non-PROMIS alternative
that is short, widely validated, and relevant for population-
level assessment and economic applications, the EQ-5D-5L
represents the most appropriate external comparator.

Beyond descriptive performance, differences between
PROMIS-16 and EQ-5D-5L may also affect how dimen-
sions relate to respondents’ overall perceptions of health.
As such, examining correlations with the EQ VAS helps
contextualize how each instrument related to overall self-
rated health and supports validity testing. In addition, PRO-
MIS-16 represents each dimension with two items, whereas
the EQ-5D-5L represents each dimension with a single item,
which affects how item responses contribute to shared vari-
ance at the instrument level. Examining the latent structure
of each instrument therefore provides essential context for
interpreting observed distributional patterns and relation-
ships with self-rated health.

This study evaluated the measurement properties of
PROMIS-16 with the EQ-5D-5L. Specifically, we aimed
to: (1) compare PROMIS-16 with EQ-5D-5L in terms of
distributional characteristics, ceiling and floor percentages,
informativity, and validity (including construct, convergent,
and divergent validity); and (2) assess the linear relationship
between respondent profiles—modeled separately for PRO-
MIS-16 and EQ-5D-5L items and self-reported health status
as measured by the EQ VAS; and (3) explore the underlying
construct of the PROMIS-16 and EQ-5D-5L instruments by
conducting exploratory factor analysis (EFA).

Methods
Data

The independent review board (IRB; Advarra, Pro00072276;
27 June 2023) reviewed the protocol for the original study
and determined that it is exempt from IRB oversight based
on the U.S. Department of Health and Human Services reg-
ulations found at 45 CFR 46.104(d)(2) [25-27]. Between
March 18th and April 6th, 2024, we conducted the second
wave of the online survey and recruited 4989 adults aged 18
or older from the U.S. general population (Dynata). Respon-
dents were recruited to fill 18 demographic quotas based on
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gender (male, female and other), age (18-34, 35-54, and
55 and older), and race/ethnicity (Hispanic, non-Hispanic
Black, and non-Hispanic other). Instead of excluding inter-
ested participants who belong to filled quotas, the recruit-
ment strategy targeted potential participants who belong to
unfilled quotas until the quotas were achieved. Inclusion
criteria required participants to reside in one of the 50 U.S.
states or Washington, D.C. and meet one of 18 demographic
quotas. Exclusion criteria (applied after the screener)
included failing a comprehension quiz, incomplete surveys,
or completing the survey in under 13 min.

Among the respondents who started the survey, 248 (5%)
dropped out before being assigned to a study arm, and 1742
(35%) were excluded due to failing to pass a quiz assessing
their understanding of being in a coma after three attempts.
Among those who passed the screening and background
components, 422 (8%) voluntarily dropped out during the
preference elicitation tasks or follow-up questions, leav-
ing an analytical sample of 2577 (52%) respondents who
completed the survey fully. This analytical sample includes
respondents from all 50 U.S. states and Washington, D.C.,
and their characteristics align with the 2021 American Com-
munity Survey (ACS) 1-year estimate for US adults (age 18
or older) except for certain socioeconomic characteristics
(never married, some college, and $150,000 or more annual
income; see Appendix 1).

Survey instrument

The survey instrument consisted of five components and
was administered fully electronically [25-27]. The consent
and screener sections included six questions comprising a
consent form and demographic queries to ensure eligibil-
ity and compliance with quotas. The background section
introduced the EQ-5D-5L instrument and a five-question
quiz designed to clarify attributes, address common mis-
conceptions (e.g., scenarios involving “being in a coma”),
and mitigate fraudulent participation. The choice task sec-
tion included paired comparisons (EQ-5D-Y-3L vs. “being
in a coma”; one warmup exercise and five tasks) and kaizen
tasks (EQ-5D-Y-3L preference paths; one warmup and 20
tasks). The follow-up section featured one debriefing ques-
tion, 31 items on socioeconomic status (SES), family, work,
and health (including the PROMIS-16 instrument as it was
described in the original article), and an open-text field for
feedback on the survey experience. Overall, each respondent
completed the EQ-5D-5L before the choice tasks and PRO-
MIS-16 after the choice tasks as stand-alone instruments,
with each item presented in a sequential one-item-per-
screen format. Both instruments were administered using
the official US English versions. Additional details on the
full survey instrument are provided in Online Supplemental

Appendix 1 of the protocol paper by Jumamyradov et al.
[25].

It is also important to note that the data of this study was
collected between 18 March and 6 April 2024 using the
PROMIS-16 as it was described in the original article (pub-
lished in February), not the erratum (published in August
2024; see Appendix 3) [12, 28]. The difference between the
original article and the erratum includes the reversal of the
two SLP items, such that the response options for SLP1 and
SLP2 were swapped. In addition, the wording of SLP1, “I
had problems during the day because of my sleep” (listed
as SLP2 in the erratum), was revised to “I had problems
during the day because of poor sleep” [28]. Additionally,
the labels for two items (COG) are in the opposite order of
the other PROMIS-16 items. For these two items, first and
last response options represent the worst and best levels,
respectively. In the item-testing survey, while the order of
the eight dimensions remained the same, these items were
shown alongside other similarly labeled COG items (not
included in the PROMIS-16); however, our study included
these items among other PROMIS-16 items, where first and
last response options are the best and worst levels. Inconsis-
tent label ordering may help reveal inattentive responding,
as respondents must read and interpret each question rather
than relying on straight-lining patterns [29].

Statistical analyses

We first compare the PROMIS-16 measurement properties
with those of the EQ-5D-5L using a series of psychometric
analysis at the level of items and dimensions [24, 30]. Next,
we performed an exploratory factor analysis to identify the
combined structure of latent constructs. We used R version
4.4.2 to perform all statistical analyses in this study [31].

Ceiling/floor percentages of the HRQoL constructs

The PROMIS-16 and EQ-5D-5L have eight and five dimen-
sions, respectively. Dimensions that measured comparable
HRQoL constructs (i.e. those sharing similar keywords or
phrasing in their labels) were grouped into pairs, and McNe-
mar’s test for paired proportions was used to assess differ-
ences in their ceiling and floor percentages.

Based on item descriptions, two conceptually matched
pairs were identified. Specifically, EQ-5SD-5L Mobility was
aligned with PROMIS-16 PF, as PROMIS-16 PF items
were derived from PROMIS Physical Function mobility
subdomain. Additionally, EQ-5D-5L Anxiety/Depression
was aligned with PROMIS-16 ANX and DEP. Within the
PROMIS-16 items, we also grouped ANX with DEP and
SLP with FTG. The ceiling percentage for two combined
items is the percentage of respondents who select the best
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possible response on both items, while the floor percentage
is the percentage who select the worst possible response on
both items. Based on previous study of the PROMIS-29+2
and the EQ-5D-5L, we hypothesized that the PROMIS-16
items would show lower ceiling and higher floor percent-
ages compared to its counterpart due to their 7-day recall
period.[24]

Informativity analysis of items

To evaluate informativity, Shannon’s Index (H”) and Shan-
non’s Evenness Index (J’) were computed for each item [32,
33]. For items with 5 response options, the Shannon Index
(H’) ranges from 0 (i.e., all responses in one category) to
a maximum of 2.32 (equal distribution across all response
categories), with higher values indicating greater item infor-
mativity. The Shannon Evenness Index (J*) ranges from 0 to
1, with higher values reflecting more uniform distribution of
responses across categories. The formulas used for calculat-
ing these indices are shown below:

L
ShannonIndex (H') : H' = — Zpi log, p;
i1

H/

Shannon Evenness Index (J') : J' = oa, T

Here, L denotes the number of response categories and p;
represents the proportion of respondents choosing the ith
response option [33]. We hypothesized that PROMIS-16
items would capture a wider spread of responses with less
concentration at the extremes relative to the EQ-5D-5L due
to difference in recall period [24].

Validity assessment

To assess the relationship between items and self-reported
health status (i.e., construct validity), we conducted lin-
ear regression analyses using EQ VAS as the outcome and
incremental decrements in each item as predictors. For each
item, we created four binary indicators representing whether
a respondent reported a severity level greater than 1, 2, 3, or
4, respectively. We hypothesized significant negative asso-
ciations between increasing severity levels along each item
and EQ VAS. As a sensitivity analysis, we examined joint
associations at the dimension level (e.g., simultaneously
regressing PF1 and PF2 indicators on EQ VAS) and at the
instrument level (e.g., including all PROMIS-16 indicators
in a single regression model).

Polychoric correlation coefficients were calculated to
assess the convergent and divergent validity among item
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pairs within and between the PROMIS-16 and EQ-5D-5L
instruments. We examined three types of relationships: (1)
cross-instrument correlations between PROMIS-16 and
EQ-5D-5L, (2) within-instrument correlations among PRO-
MIS-16 items, (3) within-instrument correlations among
EQ-5D-5L items. Correlation strength was 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) [34]. We
hypothesized that item pairs of similar HRQoL constructs
would demonstrate moderate to strong correlations.

Structural validity

Using the polychoric correlation coefficients, EFA was
employed to explore the latent structure underlying the
PROMIS-16 and EQ-5D-5L instruments. The number of
factors to retain was guided by parallel analysis [35, 36].
Given the assumption that HRQoL constructs within the
two instruments are interrelated, an oblique rotation method
(Oblimin) was used to enhance the clarity of factor interpre-
tation [37]. Factor loadings with absolute values of 0.40 or
higher were considered meaningful indicators of association
between items and latent constructs [38, 39]. We hypothe-
sized that conceptually aligned items from both instruments
would load on similar factors, with the other PROMIS-16
items expected to load on new factors.

Results
Ceiling/floor percentages of the PROMIS-16 items

Table 1, Appendix 2a and 2b presents the PROMIS-16 items
in the order that they appeared in the instrument. At the item
level, the percentage of respondents endorsing the best level
(ceiling) ranged from 27.9% (SLP2) to 72.9% (PF2), while
the percentage endorsing the worst level (floor) ranged from
1.1% (PF1) to 24.7% (COG1). Among the floor percentages
of these items, the two COG items showed notably high
percentages.

Ceiling/floor percentages of the EQ-5D-5L items

Table 1 shows the ceiling and floor percentages of the EQ-
5D-5L items. Ceiling percentages ranged from 42.7% (Pain/
Discomfort) to 92.2% (Self-care) while floor percentages
ranged from 0.2% (Usual Activities and Self-care) to 3.5%
(Anxiety/Depression).

Within the matched pairs, our hypothesis was partially
supported: PROMIS-16 items showed significantly lower
ceiling percentages, while PROMIS-16 Physical Function
had higher floor percentages than EQ-5D-5L Mobility;
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Table 1 Ceiling and floor percentages of PROMIS-16 and EQ-5D-5L items, dimensions, and constructs
PROMIS-16 EQ-5D-5L PROMIS-16
versus
EQ-5D-5L
Item Ceil- Floor, % Dimension/construct Ceil- Floor, % Item Ceil- Floor, % ACeil- A
ing, % ing, % ing, % ing, % Floor,
%
PF1 68.0 1.1 Physical function 64.6 0.7 Mobility 79.9 0.4 -153 0.3
PF2 72.9 2.3
Self-care 92.2 0.2
Usual activities 77.0 0.2
Pain/discomfort 42.7 0.8
SOCl1 61.7 1.2 Social roles and activities  50.8 0.8
SOC2 54.9 3.0
ANX1 45.0 2.4 Anxiety 344 2.1
ANX2 37.6 4.1
DEP1 37.2 4.0 Depression 355 2.5
DEP2 48.0 33
Anxiety/depression 28.9 1.5 Anxiety/depression 44.7 3.5 -15.8 -2.0
SLP1 379 4.6 Sleep disturbance 23.2 3.1
SLP2 27.9 7.8
PI1 50.1 24 Pain interference 48.8 1.9
PI2 64.0 3.1
COGl1 43.0 24.7 Cognitive function 28.9 19.7
COG2 32.8 21.5
FTGl1 28.6 8.5 Fatigue 25.4 4.5
FTG2 41.7 6.1
Sleep/fatigue 15.8 1.7

The item content for PROMIS-16 and EQ-5D-5L is provided in Appendix 2a and Appendix 2b. The two items on sleep disturbance (SL1 and
SL2) used the phrasing and item order from the original publication, not its erratum (Appendix 3). Anxiety / Depression and Sleep / Fatigue are
HRQoL constructs composed of two of the eight dimensions of the PROMIS-16. All differences in Physical Function/Mobility and Anxiety /
Depression were statistically significant according to McNemar’s test (p<0.001)

however, PROMIS-16 Anxiety/Depression demonstrated
lower floor percentages than EQ-5D-5L Anxiety/Depres-
sion (p<0.001).

Informativity analysis

Table 2 shows that the absolute informativity of the EQ-
5D-5L items ranged from 0.48 for Self-care to 1.92 for
Anxiety/Depression, while relative informativity ranged
from 0.21 (Self-care) to 0.83 (Anxiety/Depression). PRO-
MIS-16 items generally demonstrated higher informativ-
ity, with absolute values ranging from 1.30 (PF2) to 2.20
(COG2), and relative informativity ranging from 0.56 (PF2)
to 0.95 (COG?2). These findings supported our hypothesis
that PROMIS-16 items exhibit greater informativity than
their EQ-5D-5L counterparts.

Construct validity
Linear regression evidence confirmed our hypothesis: higher

severity levels were associated with significantly lower
EQ VAS scores (Table 3). Among PROMIS-16 items, the

steepest first-step declines were observed for PF1 (—10.11,
p<0.001) and PF2 (—10.58, p<0.001) while among
EQ-5D-5L items, Mobility (—13.44, p<0.001), Self-care
(—=20.76, p<0.001) and Usual Activities (—13.19, p<0.001)
showed the largest drops. In contrast, smaller or non-sig-
nificant changes were observed at the highest severity level
for items such as PF1, PF2, SOC1, COG1, COG2, Mobility,
Self-care, and Usual Activities. Notably, PROMIS-16 cog-
nitive items (COG1, COG2) and EQ-5D-5L Mobility, Self-
care showed large positive transitions from Level 4 to 5.
Appendix 4 shows that in multivariate models (dimension-,
construct-, and instrument-level), effect sizes diminished,
and many steps changed sign or lost significance, indicat-
ing substantial overlap among items; at the instrument level,
EQ-5D-5L retained stronger independent associations than
PROMIS-16.

Convergent and divergent validity
Table 4 illustrates the polychoric’s correlation coefficients

between PROMIS-16 and EQ-5D-5L items. Items measur-
ing the same construct showed strong correlations, namely

@ Springer
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Table 2 Informativity of PRO- PROMIS-16 EQ-5D-5L
MIS-16 and EQ-5D-5L items Item Shannon’s Shannon’s Even-  Item Shannon’s Shan-
index (H)  ness index (J”) index (H’)  non’s
Evenness
index (J°)
PF1 1.36 0.59 Mobility 0.98 0.42
PF2 1.30 0.56
Self-care 0.48 0.21
Usual activities 1.04 0.45
Pain/discomfort 1.69 0.73
SOCl1 1.52 0.65
SOC2 1.77 0.76
ANX1 1.91 0.82 Anxiety/depression 1.92 0.83
. . ANX2 2.06 0.89
The two items on sleep distur- DEP1 206 0.89
bance (SL1 and SL2) used the : :
phrasing and item order from DEP2 1.91 0.82
the original publication, not its SLP1 2.05 0.89
erratum (Appendix 3) SLP2 2.17 0.93
PROMIS-16 dimensions: PF, PI1 1.78 0.77
physical function; SOC, social PI2 1.56 0.67
roles and activities; PI, pain COG1 2.03 0.87
interference; ANX, anxiety; coG2 220 0.95
DEP, depression; SLP, sleep ’ ’
disturbance; COG, cognitive FTGI 218 0.94
FTG2 2.05 0.88

function; FTG: fatigue

PF1, PF2 with Mobility and ANX1, ANX2, DEP1, DEP2
with Anxiety/Depression. Additionally, among the other
items, PF1 and PF2 also demonstrated moderate to strong
correlations with Self-care, Usual Activities, and Pain/Dis-
comfort. COG showed very weak or no correlations with
any EQ-5D-5L items, whereas among the five EQ-5D-5L
dimensions, SLP and FTG were most strongly correlated
with Anxiety/Depression. Appendix 5 and Appendix 6 pres-
ent the polychoric correlations among PROMIS-16 items
and EQ-5D-5L items, respectively. As expected, the ANX/
DEP and SLP/FTG constructs within the PROMIS-16
demonstrated strong inter-item correlations. In contrast,
the COG items showed very weak to no correlations with
other PROMIS-16 items. The Anxiety/Depression item of
the EQ-5D-5L exhibited weak to moderate correlations with
other EQ-5D-5L items.

Structural validity

Exploratory factor analysis identified six distinct factors
from the PROMIS-16 and EQ-5D-5L polychoric corre-
lations (Table 5, Appendix 5 and 7). Aligning with our
hypothesis, PROMIS-16 and EQ-5D-5L items measuring
the same HRQoL constructs loaded onto the same factors,
which are physical functioning (PF1, PF2, Mobility) and
Anxiety / Depression (Anxiety/Depression, ANX1, ANX2,
DEP1, DEP2). Notably, the physical functioning factor was
broader than suggested by the pairing of Mobility with PF,
as it also included Self-care, Usual Activities, and Pain/
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Discomfort. The remaining PROMIS-16 items formed four
additional factors: SOC, PI, COG, and SLP / FTG. Most
items demonstrated good fit with low uniqueness values
(£0.60), except for SOC2. The COG factor was not cor-
related with any other factors (Table 6), and the PI factor
showed negative correlations with all other factors.

Discussion

Comparing the PROMIS-16 stand-alone instrument
and item-testing evidence

Currently, six studies have thus far examined the PRO-
MIS-16 items; however, each embedded these items in a
broader item set (PROMIS-29+2, PROPr-14, UPMCI6,
SIGNAL). To the best of our knowledge, this survey is the
first to include the PROMIS-16 as a stand-alone instrument,
so we begin this discussion by comparing the response
distributions from the stand-alone instrument with those
reported in the original item-testing survey (Appendices 2a,
2b, 3 and 7) [12].

Compared to the original item-testing survey, the stand-
alone version showed substantially higher ceiling percent-
ages for the SOC items, with increases of more than 20
percentage points for SOC1 and over 10 points for SOC2
(»<0.001). This pattern is consistent with prior PROMIS
research indicating that broader item sets and adaptive
administrations are associated with lower floor and ceiling
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Table 3 Item-level regression results between EQ VAS and PROMIS-16 and EQ-5D-5L items

Level 1 to 2 Level 2 to 3 Level 3 to 4 Level 4 to 5
Items Intercept  p value B p value B p value B p value B p-value
PROMIS-16
PF1 79.54 <0.001 —10.11 <0.001 -9.56 <0.001 —11.08 <0.001 4.70 0.183
PF2 79.18 <0.001 —10.58 <0.001 —8.66 <0.001 —=7.65 <0.001 —3.00 0.262
SOCl1 79.62 <0.001 -7.35 <0.001 —10.41 <0.001 -3.59 0.091 -3.26 0.365
SOC2 80.96 <0.001 -7.26 <0.001 -7.49 <0.001 —-8.15 <0.001 —7.64 <0.001
ANX1 80.72 <0.001 -5.64 <0.001 -6.33 <0.001 -5.14 <0.001 -10.74 <0.001
ANX2 80.90 <0.001 —4.40 <0.001 —5.28 <0.001 —5.94 <0.001 —-8.15 <0.001
DEP1 81.40 <0.001 —4.94 <0.001 -5.49 <0.001 —6.44 <0.001 —10.50 <0.001
DEP2 80.19 <0.001 -4.92 <0.001 —5.88 <0.001 —-7.55 <0.001 —6.33 0.003
SLP1 81.14 <0.001 -5.22 <0.001 —4.87 <0.001 -5.91 <0.001 -7.82 <0.001
SLP2 82.05 <0.001 —4.88 <0.001 -5.01 <0.001 -5.51 <0.001 -8.22 <0.001
PI1 81.34 <0.001 -7.67 <0.001 —8.59 <0.001 —-7.61 <0.001 -11.36 <0.001
PI2 79.87 <0.001 —-8.41 <0.001 —741 <0.001 -7.76 <0.001 —6.41 0.005
COGl1 75.97 <0.001 -5.37 <0.001 —5.68 <0.001 1.28 0.459 14.89 <0.001
COG2 77.83 <0.001 —5.89 <0.001 -5.27 <0.001 0.16 0911 14.61 <0.001
FTGI 84.03 <0.001 —7.69 <0.001 —5.06 <0.001 -5.10 <0.001 —8.49 <0.001
FTG2 81.49 <0.001 -6.30 <0.001 -6.36 <0.001 -3.99 0.002 -5.26 0.002
EQ-5D-5L
Mobility 78.34 <0.001 —13.44 <0.001 —11.25 <0.001 —13.86 <0.001 23.57 <0.001
Self-care 76.51 <0.001 —20.76 <0.001 —7.80 0.007 -20.75 0.009 22.80 0.044
Usual activities 78.97 <0.001 -13.19 <0.001 -13.81 <0.001 -17.42 <0.001 6.84 0.370
Pain/discomfort 82.58 <0.001 —8.49 <0.001 —11.50 <0.001 —15.85 <0.001 —11.48 0.003
Anxiety/depression 81.46 <0.001 —6.68 <0.001 —5.44 <0.001 —11.19 <0.001 -8.27 <0.001

The two items on sleep disturbance (SL1 and SL2) used the phrasing and item order from the original publication, not its erratum (Appendix 3).
We regressed the item responses as indicator variables on EQ VAS by item. Each row was a separate estimation. For example, the PF1 regres-
sion (row 1) had an intercept and four indicator variables representing four incremental decrements of PF1. The bolded coefficients are positive

and significant (p-value<0.05)

PROMIS-16 dimensions: PF, physical function; SOC, social roles and activities; PI, pain interference; ANX, anxiety; DEP, depression; SLP,

sleep disturbance; COG, cognitive function; FTG: fatigue

percentages, whereas fixed short forms with more limited
severity coverage may exhibit higher ceiling percentages
[40]. Furthermore, the PF and SOC items are the only items
without a seven-day recall period, and their proximity in the
stand-alone instrument may have contributed to the greater
similarity in response distributions compared to the item-
testing survey.

We also observed that the floor percentages for the COG
items were markedly higher in the stand-alone instru-
ment, with increases of 18 and 17 percentage points for
COGI1 and COG2, respectively (p<0.001). These items
are reverse-framed relative to most PROMIS dimensions.
In the original item-testing survey, consistent presentation
and the appearance alongside three other COG items likely
helped mitigate confusion. In the stand-alone administra-
tion, the COG items were administered later in a survey
that included extensive valuation tasks, which may have
increased respondent fatigue or satisficing. Under such con-
ditions, items with reversed response order may be more
likely to reveal inattentive responding, potentially contrib-
uting to the differences in floor percentages [29].

Overall, the PROMIS-16 as a stand-alone instrument
produces higher proportions of best SOC and worst COG
responses compared to item-testing survey. Given that ceil-
ing and floor percentages also depend on external factors
(e.g., sample characteristics), these differences should be
interpreted as potential variability rather than to attribute
differences to a single cause. At the same time, this pattern
is an important point and should be confirmed prior to future
comparative studies and potentially addressed in a modified
version of the PROMIS-16 instrument.

Comparing the PROMIS-16 and EQ-5D-5L

PROMIS-16 and EQ-5D-5L differ in terms of construct
coverage, response scales, recall period and measurement
performance. While both instruments share common con-
structs such as Physical Function and Anxiety/Depression,
PROMIS-16 captures a broader range of HRQoL aspects
and provides more detailed information within overlap-
ping constructs, as reflected in its lower ceiling percentages
and higher informativity scores compared to EQ-5D-5L
items within the same matched pairs. One possible reason
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Table 4 Polychoric Correlation Coefficients between PROMIS-16 and

EQ-5D-5L items

EQ-5D-5L items

PROMIS-16 Usual Pain/ Anxiety/
items Mobility  Self-care activities discomfort  depression
PF1 0.67 0.76
PF2 0.68 0.77
SOCl1 0.72 0.68
SOC2 0.67 0.68 0.76 0.60 44
ANXI1 0.23 0.36 0.38 0.3 0.79
ANX2 0.19 0.32 0.36 0.28 0.76
DEP1 0.22 0.36 0.38 0.29 0.81
DEP2 0.20 0.35 0.36 0.27 0.77
SLP1 0.27
SLP2 0.31
PIl 0.62
PI2 0.64 0.62 0.70 0.71
COGl1 0.14 0.01 0.08 0.16 0.02
COG2 0.11 0.01 0.02 0.14 —0.05
FIGI 0.37
FTG2 0.33

The two items on sleep disturbance (SL1 and SL2) used the phrasing and item order from the original publication, not its erratum (Appendix
3). Cell colors indicate correlation strength: very weak (<0.20, very light blue), weak (0.20—0.39, light blue), moderate (0.40—0.59, blue), strong
(0.60—0.79, dark blue), and very strong (>0.80, very dark blue). Within-instrument correlations are shown in Appendices 6 and 7

PROMIS-16 dimensions: PF, physical function; SOC, social roles and activities; PI, pain interference; ANX, anxiety; DEP, depression; SLP,

sleep disturbance; COG, cognitive function; FTG: fatigue

for these differences may be the recall period embedded in
some PROMIS-16 items but not in EQ-5D-5L, a factor pre-
viously highlighted by Rencz et al. [24] Except for PF and
SOC items, PROMIS-16 items ask respondents to reflect on
their experiences over the past 7 days, whereas EQ-5D-5L
focuses on the respondent’s health "today." The longer
recall window in PROMIS-16 may reduce the likelihood
of respondents over- or understating their current condition
based on temporary fluctuations, potentially explaining the
reduced ceiling percentages and greater informativity [24,
41]. However, we acknowledge that previous research has
shown that the recall period may have a limited impact on
PROM responses, particularly for PROMIS physical func-
tioning measures [42, 43]. Another potential explanation
is that the PROMIS-16 has two items per dimension and
this increased respondent burden naturally leads to gains
in precision. To achieve similar gains, splitting EQ-5D-5L
dimensions in specific circumstances and the addition of
bolt-ons could be considered as future research directions
[44—46]. In addition, differences in response format and
item wording may also contribute to the higher informativ-
ity observed for PROMIS-16, as prior research suggests that

@ Springer

these features can influence measurement range captured by
an instrument [47].

Regarding construct validity, most PROMIS-16 and EQ-
5D-5L items performed as expected at the item level, with
increasing severity levels corresponding to lower EQ VAS
scores. In some cases, exceptions (i.e., large positive tran-
sition steps in COG, Mobility and Self-care) may reflect
respondents’ adaptation to chronic or age-related conditions,
wherein individuals adjust expectations or develop coping
strategies over time. However, for the Cognitive Function
items, the sharp increase in EQ VAS scores between lev-
els 4 and 5, combined with high floor percentages, once
again suggests that inattentive responding may have influ-
enced responses. At the instrument level, EQ-5D-5L aligned
more closely with respondents’ overall health ratings than
PROMIS-16. This is likely because EQ-5D-5L’s concise
structure captures core health dimensions that respondents
intuitively consider when assessing their general health and
the EQ VAS was administered right after the EQ-5D-5L.
In contrast, PROMIS-16 encompasses broader and less
immediately visible constructs, such as Cognitive Function,
Sleep/Fatigue, and Social roles & Activities, that may be
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Table 5 PROMIS-16 and EQ-5D-5L factor loadings and uniqueness of items

Factor

loadings
Items 1. Physical 2. social 3. Anxiety/depression 4. Pain 5. Cogni- 6. Sleep/fatigue Unique-

function role & Interference tive ness

activities Function

PROMIS-16
PF1 0.87 0.23
PF2 0.85 0.20
SOC1 0.90 0.19
SOC2 0.42 0.64
ANX1 0.88 0.22
ANX2 0.89 0.20
DEP1 0.94 0.12
DEP2 0.90 0.19
SLP1 0.70 0.46
SLP2 0.67 0.52
P11 1.01 -0.02
P12 0.71 0.46
COG1 0.97 0.06
COG2 0.91 0.17
FTG1 0.93 0.12
FTG2 0.83 0.30
EQ-5D-5L
Mobility 0.98 0.03
Self-care 0.61 0.55
Usual activities 0.69 0.48
Pain/discomfort 0.53 0.55
Anxiety/depression 0.85 0.30

The two items on sleep disturbance (SL1 and SL2) used the phrasing and item order from the original publication, not its erratum (Appendix
3). Factor loadings <0.40 were suppressed

PROMIS-16 dimensions: PF, physical function; SOC, social roles and activities; PI, pain interference; ANX, anxiety; DEP, depression; SLP,
sleep disturbance; COG, cognitive function; FTG: fatigue

Table 6 PROMIS-16 and EQ-5D-5L factor correlation matrix

1. Physical 2. Social role 3. Anxiety/ 4. Pain 5. Cognitive 6. Sleep/

Factor . s . . . . .
function & activities  depression interference function fatigue

1. Physical
function

2. Social roles &
activities
3. Anxiety/
depression

4. Pain
interference

3. Cognitive ~0.12 0.04 0.03 0.13 -
function

6. Sleep/ _

Cell colors indicate correlation strength, |r|: very weak (<0.20, very light blue), weak (0.20—0.39, light blue), moderate (0.40—-0.59, blue), strong
(0.60-0.79, dark blue), and very strong (>0.80, very dark blue)

perceived as less central to overall health, thereby weaken-  from comparing these instruments using external compara-
ing its association with EQ VAS. On the other hand, given  tors administered independently.
that EQ VAS is part of the EQ-5D-5L and was administered From the convergent validity and structural assessments,

following this instrument, future research would benefit  several noteworthy findings emerged. First, PROMIS-16
contributed additional health dimensions beyond those

@ Springer
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captured by the EQ-5D-5L. While COG was uniquely repre-
sented and thus aligning well with the widespread use of the
EQ-5D-5L Cognition bolt-ons [48, 49], SOC and SLP/FTG,
though correlated with EQ-5D-5L dimensions, loaded onto
distinct factors, which suggests that they capture related but
separable aspects of health.

Second, we observed a negative correlation between
the Pain Interference factor and other factors. These do not
mean negative relationships between items; instead, it indi-
cates that individuals who score higher on the Pain Interfer-
ence factor tend to score lower on others, after accounting
for the shared variance structure imposed by rotation. One
possible explanation is the different way these items were
constructed: PI1 and PI2 ask how much a person’s experi-
ence of pain disrupts or interferes with their daily activities,
rather than measuring pain or discomfort intensity itself. In
other words, some level of functioning is needed to indicate
interference with functioning, and the degree of interference
depends on an individual’s perception of causality.

Third, the EFA showed that SOC2 had a much lower
factor loading (0.42) and higher uniqueness (>0.60) com-
pared to SOC1 (0.90) within the Social Roles & Activities
factor. This may reflect differences in item content: SOC1
addresses broad, routine responsibilities (“I have trouble
taking care of my regular personal responsibilities...”),
while SOC2 is more complex and context-dependent (“I
have trouble doing all of the activities with friends that I
want to do...”), potentially leading to more varied interpre-
tations across respondents.

Fourth, although Edelen et al. acknowledged that deriv-
ing the PROMIS-16 PF items solely from the PROMIS
Physical Function mobility subdomain was a limitation [12],
our findings indicate that these items share substantial vari-
ance with broader aspects of physical functioning, includ-
ing Self-Care, Usual Activities, and Pain/Discomfort. This
suggests that, in general population samples, PROMIS-16
PF items may reflect broader aspects of physical function-
ing rather than mobility alone. Nevertheless, the restricted
concept range of these two items should be considered when
interpreting results. Future research should examine the
performance of them in disease-specific populations where
physical functioning is a central outcome, such as cardio-
vascular or rheumatologic conditions.

Together, these findings highlight opportunities for future
research to refine both instruments. For EQ-5D-5L, further
development of bolt-ons capturing dimensions such as cog-
nition, sleep, and fatigue could enhance its conceptual cov-
erage in specific populations where these are particularly
relevant, while for PROMIS-16, further development and
refinement of items, particularly in how questions of the
items should be constructed in the same patterns (e.g. recall
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period, framing direction, item complexity), may improve
measurement precision and structural validity.

While our study offers meaningful insights into the PRO-
MIS-16 and EQ-5D-5L instruments, there remains room for
improvement in future research. First, similar to the stud-
ies by Edelen et al. and Hays et al., our analysis relied on
a general population sample drawn from an online survey
panel as PROMIS-16 is a generic HRQoL instrument and
should be able to demonstrate adequate measurement prop-
erties across the full health spectrum [12, 16]. This approach
may introduce selection bias due to variation in digital lit-
eracy and internet access, and may partially explain the
excessively high ceiling percentages observed in some
items and dimensions. Additionally, since these findings are
based on a general population sample, they may not gen-
eralize to clinical populations. Instruments that appear to
provide less information or exhibit higher ceiling percent-
ages in relatively healthy samples may nonetheless demon-
strate greater sensitivity in clinical populations with higher
levels of impairment. As such, the observed differences in
measurement properties between the PROMIS-16 and EQ-
5D-5L should be interpreted as sample-dependent and may
differ when these instruments are applied in specific patient
populations. Future studies should consider recruiting dis-
ease-specific populations and employing more inclusive
administration methods (e.g., research nurse-assisted sur-
veys) to more accurately evaluate the reliability and validity
of the PROMIS-16 across diverse populations. Second, we
recognize that the sample was recruited through a commer-
cial online panel (Dynata), which might pose data quality
limitations [50]. Although quality control measures were
implemented to mitigate these concerns, future research
would benefit from using more representative sampling
platforms.

Differences in sample size between our survey and the
PROMIS item-testing studies may have contributed to
observed distributional differences. The larger sample in
Edelen et al. likely produced more stable estimates, while
our smaller sample may have amplified fluctuations that
would not replicate in a larger cohort [12]. In addition, the
five-question quiz at the start of the survey may have influ-
enced how respondents approached the EQ-5D-5L items.
As such, future research should randomize instrument order
to better isolate framing, cognitive burden, and response
bias. Last but not least, because our data were collected
between March and April 2024, prior to the publication of
the August 2024 erratum, we used the original version of the
PROMIS-16 SLP items, which may have influenced their
performance. Moreover, possible unknown differences in
the representativeness of the original PROMIS-16 survey
sample compared to our survey may also have contributed
to observed differences.
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Conclusion

This study found that PROMIS-16 items demonstrated
broader conceptual coverage and greater informativity than
EQ-5D-5L, capturing distinct dimensions such as Cognitive
Function, and Sleep/Fatigue. However, we also identified
issues with inconsistent item framing and potential response
biases, particularly in the Cognitive Function items, that
may impact the validity of the PROMIS-16. Refining PRO-
MIS-16 item design (e.g. consistent labeling order, recall
period, item complexity) and developing bolt-ons for EQ-
5D-5L for specific populations could improve measurement
precision and conceptual coverage, enhancing their applica-
tion in research and clinical settings. This comparative evi-
dence may help researchers faced with the choice between
these alternative HRQOL instruments for their future stud-
ies and those looking to enhance these instruments [44, 51,
52].

Supplementary Information The online  version  contains
supplementary material available at https://doi.org/10.1007/s11136-0
26-04242-8.
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