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Abstract

Aims Heart failure (HF) is a common and morbid condition impacting multiple health domains. We previously reported the
development of the PROMIS®-Plus-HF (PROMIS+HF) profile measure, including universal and HF-specific items. To facilitate
use, we developed shorter, PROMIS+HF profiles intended for research and clinical use.

Methods and results Candidate items were selected based on psychometric properties and symptom range coverage. HF
clinicians (n = 43) rated item importance and clinical actionability. Based on these results, we developed the PROMIS+HF-27
and PROMIS+HF-10 profiles with summary scores (0—100) for overall, physical, mental, and social health. In a cross-sectional
sample (n = 600), we measured internal consistency reliability (Cronbach’s alpha and Spearman—Brown), test—retest reliability
(intraclass coefficient; n = 100), known-groups validity via New York Heart Association (NYHA) class, and convergent validity
with Kansas City Cardiomyopathy Questionnaire (KCCQ) scores. In a longitudinal sample (n = 75), we evaluated responsiveness
of baseline/follow-up scores by calculating mean differences and Cohen’s d and comparing with paired t-tests. Internal con-
sistency was good to excellent (¢ 0.82—0.94) for all PROMIS+HF-27 scores and acceptable to good (a/Spearman—Brown
0.60-0.85) for PROMIS+HF-10 scores. Test—retest intraclass coefficients were acceptable to excellent (0.75-0.97). Both profiles
demonstrated known-groups validity for the overall and physical health summary scores based on NYHA class, and convergent
validity for nearly all scores compared with KCCQ scores. In the longitudinal sample, we demonstrated responsiveness for
PROMIS+HF-27 and PROMIS+HF-10 overall and physical summary scores. For the PROMIS+HF overall summary scores, a
group-based increase of 7.6-8.3 points represented a small to medium change (Cohen’s d = 0.40-0.42). For the PROMIS
+HF physical summary scores, a group-based increase of 5.0-5.9 points represented a small to medium change (Cohen’s
d = 0.29-0.35).

Conclusions The PROMIS+HF-27 and PROMIS+HF-10 profiles demonstrated good psychometric characteristics with evidence
of responsiveness for overall and physical health. These new measures can facilitate patient-centred research and clinical care,
such as improving care quality through symptom monitoring, facilitating shared decision-making, evaluating quality of care,
assessing new interventions, and monitoring during the initiation and titration of guideline-directed medical therapy.
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Introduction

Patient-reported outcome measures (PROMs) are used in
clinical studies and in routine clinical care to capture health
status directly from patients.’™ Collection of data from
PROMs may be particularly informative for patients with
heart failure (HF), a prevalent, chronic condition that affects
an estimated 64.3 million adults worldwide manifesting di-
verse symptoms and having broad impact on health.® Beyond
experiencing symptoms of shortness of breath, fatigue, exer-
cise intolerance, and oedema, patients with HF experience a
wide range of physical, mental, and social health effects both
from HF itself and from common, non-cardiovascular comor-
bid conditions, such as chronic obstructive pulmonary dis-
ease, diabetes, depression, and anxiety.”*°

Applications of PROMs in HF include assessing new inter-
ventions, improving clinical care and shared decision-making,
evaluating quality of care, and monitoring during the initiation
and titration of guideline-directed medical therapy. Although
PROMs are being included in HF clinical trials to assess out-
comes, their use in clinical care has been limited, in part due
to electronic health record (EHR), health system, clinician,
and patient-level barriers.2***? The rapid adoption of
telehealth visits during the COVID-19 pandemic as well as
studies illustrating the association of lower patient-reported
health status with mortality in the general population and
changes in pulmonary artery pressures and risk of HF
hospitalization in patients with HF have further highlighted
the potential utility of PROMs for remote monitoring and en-
hancing tele-visits.*> ¢ The 2020 American College of Cardiol-
ogy/American Heart Association report on HF performance
measures included two quality measures based on PROMs:
the first on measuring health status and the second on avoid-
ance of worsening health status.'” Thus, capturing multiple
domains of health for patients with HF in a single, brief instru-
ment may increase usage of PROMs in clinical care.

The Patient-Reported Outcomes Measurement Informa-
tion System (PROMIS®) is a set of largely person-centred
measures that can be used in the general population and in
those with chronic conditions. Major strengths of PROMIS in-
clude extensive prior testing, the ability to compare PROMIS
T-scores from PROMIS domains (such as fatigue, dyspnoea,
and depression) across different populations, and integration
into research studies and in multiple clinical settings via an
application programming interface (APl) operated by
HealthMeasures, a non-profit organization that manages
PROMIS and other National Institutes of Health-funded mea-
surement systems.

We previously reported the development and initial valida-
tion of the PROMIS-Plus-HF (PROMIS+HF) profile measure, an
HF-specific measure that combines existing, universal
PROMIS items with new HF-specific items.*® The measure in-
cludes items identified as important to HF by both patients
and clinicians from focus groups and interviews. It exhibited

good psychometric characteristics and select evidence of re-
sponsiveness. The PROMIS+HF profile measure comprises
86 items across 18 domains of physical, mental, and social
health. Clinicians or researchers are free to select those items
or domains that are most relevant to a specific context. How-
ever, given that shorter measures are often more practical to
end users by reducing respondent burden, to further encour-
age uptake of the PROMIS+HF, we sought to develop two,
briefer profile measures: one tailored for research (PROMIS
+HF-27) and the other for clinical use (PROMIS+HF-10).

Methods

Data sets for PROMIS+HF-27 and PROMIS+HF-10
development and validation

The development and initial validation of the long-form
PROMIS+HF profile measure was previously reported.'® The
86-item PROMIS+HF profile includes 64 existing PROMIS
items and 22 new items to fill content-coverage gaps identi-
fied in patient and clinician focus groups and interviews.
Items have existing or new calibration estimates derived from
item response theory.

This study utilized two archival, de-identified data sets
from the development and initial validation studies for the
PROMIS+HF profile measure. All participants in both data sets
had been administered the PROMIS+HF profile measure and
comparison measures described in the succeeding text.

A cross-sectional sample of 600 participants with
self-reported HF was identified and recruited by the online
panel company Opinions4Good (Op4G; Portsmouth, NH).
The sample included quotas for age, gender, race, ethnicity,
and self-reported functional status modelled on the New
York Heart Association (NYHA) classes. For reproducibility
testing, a subsample of 100 respondents was retested
3-7 days following baseline survey administration.

A longitudinal sample was recruited from six US health
systems. Patients with HF were enrolled if they fit into one
of the following five treatment categories that would likely
show improvement in HF-related symptoms and health sta-
tus between baseline and 3 month follow-up: (i) initiation
of guideline-directed medical therapy after a new HF diagno-
sis or first hospitalization; (ii) cardiac rehabilitation for
chronic stable HF; (iii) initiation of cardiac resynchronization
therapy; (iv) implantation of a left ventricular assist device;
and (v) recent discharge after hospitalization primarily for
HF. Participants completed the instruments via paper forms
or a tablet. The final sample included 185 participants with
data at baseline and a subset of 75 participants with
follow-up data at 3 months. The sample criteria are
displayed in Supporting Information, Table S1, sample
characteristics are summarized in Table 1, and a flowsheet
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Table 1 Overview of cross-sectional and longitudinal samples

Cross-sectional sample (N = 600)

Longitudinal sample (N = 75)

Age (years), mean (SD)
Sex, N (%)
Female
Male
Race, N (%)
American Indian or Alaska Native
Asian
Black or African American
Native Hawaiian or Pacific Islander
White
Some other race
More than one race
Unknown or not reported
Ethnicity, N (%)
Hispanic or Latino
Not Hispanic or Latino
Region of enrolment, N (%)
Midwest
North-east
Pacific
South
Education level, N (%)
Did not complete high school
High school diploma or equivalent
Some college
Graduated college or higher
Categories, N (%)
New diagnosis or first hospitalization
Cardiac rehabilitation
Cardiac resynchronization therapy
Left ventricular assist device
Hospitalization primarily for HF
Clinical characteristics, N (%)
Diabetes
Chronic obstructive lung disease
Depression
Chronic kidney disease
NYHA class®
Class |
Class Il
Class I
Class IV
Not available
Left ventricular ejection fraction <50%

54 (14) 58 (12)
270 (45) 35 (47)
330 (55) 40 (53)
17 §3; 1 21;
39 (7 101
115 (19) 32 (43)
1(<1) 0(0)
401 (67) 38 (51)
20 (3) 0 (0)
7(1) 0 (0)
0 (0) 3 (4)
171 (29) 2(3)
429 (72) 73 (97)
— 14 (19)
— 8 (11)
— 15 (20)
— 38 (51)
4(0.7) 9(12)
73 (12) 23 (31)
154 (26) 21 (28)
369 (61.5) 22 (29)
— 11 (15)
— 5(7)
— 5 (7)
— 11 (15)
— 43 (57)
80 ((13)) 28 237;
40 (7 15 (20
59 (10) 13 (17)
16 (3) 27 (36)
60 (10) 4 (5)
248 (41) 14 (19)
245 (4)1) 27 §3)6)
47 (8 6(8
— 24 (32)
_ 54 (72)

HF, heart failure; NYHA, New York Heart Association; SD, standard deviation.
Adapted from Ahmad et al., with permissions from Wolters Kluwer Health, Inc. Copyright 2019, American Heart Association.
*NYHA class was measured via self-report in the cross-sectional sample and via chart review in the longitudinal sample.

description of reasons for participant loss at time of
follow-up in Supporting Information, Figure S1.

Comparison measures

In addition to the PROMIS+HF profile measure, we used three
comparator measures. NYHA class was measured via self-re-
port in the cross-sectional, 600-person sample and chart re-
view in the longitudinal sample. The PROMIS Global Health
Scale and the Kansas City Cardiomyopathy Questionnaire
(KCCQ) were administered in both the cross-sectional and
longitudinal samples.’®~22 The PROMIS Global Physical Health
and Mental Health scores and the KCCQ overall summary,

clinical summary, quality of life, and social limitation scores
were used as comparators. The KCCQ is a responsive measure
with a threshold of 5 points suggested as a meaningful, clin-
ically important difference for the overall summary and clini-
cal summary scores.?® Additional details on all measures are
included in Supporting Information, Methods.

PROMIS+HF-27 profile and PROMIS+HF-10 profile
development

Initial item selection
A group from the research team (n = 4) with expertise in mea-
surement science, psychometrics, and HF identified
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candidate items from the long-form PROMIS+HF measure
for the two, abbreviated profile measures. Items from
given domains (e.g. fatigue and depression) were reviewed
together. The team prioritized selection of PROMIS items
based on prior psychometric testing by PROMIS investigators,
wide use in other research studies across multiple settings
and populations, and coverage a range of content and
intensity/difficulty that may have relevance to patients with
HF. For example, all items from the Health Behavior
Outcomes domain were excluded because these items
measure behaviours and not health effects. All items from
the domains of anger, cognitive abilities, satisfaction with
social roles and activities, and social isolation were excluded
because of overlap of content with other domains and/or
lack of wider use in other research studies. A total of 31
candidate items from 13 domains were selected for further
evaluation for inclusion in the two profile measures
(Supporting Information, Table S2).

Heart failure clinician survey

Because the intended users of the abbreviated PROMIS+HF
profile were clinicians, we designed a web-based survey for
clinicians (physicians, nurse practitioners, registered nurses,
physician assistants, and psychologists) who take care of pa-
tients with HF for input on the 31 candidate items. In the sur-
vey, clinicians rated each item on clinical actionability (‘Not at
all’, ‘A little bit’, ‘Quite a bit’, and ‘Very much’). From a group
of items from one to three related domains, they also se-
lected ‘the most important questions to ask patients with
heart failure’.

From December 2019 to April 2020, we contacted a conve-
nience sample of 50 HF clinicians across the US via email and
asked that they complete the survey and forward the invita-
tion on to other colleagues who take care of patients with
HF. A total of 43 clinicians, which include the primary recipi-
ents of the email survey and colleagues to whom the invited
was forwarded, completed the survey. Of the 43 participants,
there were 23 physicians, 17 registered nurses/nurse practi-
tioners/physician assistants, and 3 psychologists. Fifty-eight
per cent were female, and the group had an average experi-
ence of 9.1 years (SD £7.1) taking care of patients with HF.
The results were summarized using standard descriptive sta-
tistics (counts, mean, and median) and reviewed by the re-
search team (Supporting Information, Table S3). The team re-
moved four items based on survey responses (i.e. rated
relatively low by respondents) and to reduce respondent bur-
den and finalized the PROMIS+HF-27 profile. From the
PROMIS+HF-27 items, a group from the research team se-
lected items for the PROMIS+HF-10 profile that were the
most highly rated on clinical actionability and importance
by the survey respondents while maximizing coverage of
the range of content. Figure 1 and Supporting Information,
Table S4 summarize the PROMIS+HF-27 and PROMIS+HF-10

profiles. The full item content is available in Supporting Infor-
mation, Tables S5 and Sé.

As data were de-identified and the clinician survey was
part of measure development, the development and
initial validation of the PROMIS+HF-27 and PROMIS+HF-10
profiles received a Not Human Subject Research Determina-
tion from the study team’s Institutional Review Board.
The data that support the findings of this study are
available from the corresponding author upon reasonable
request.

Scoring of the PROMIS+HF-27 and PROMIS+HF-10
profiles

For the PROMIS+HF-27 profile, we generated domain-level,
raw average scores as well as summary scores for physical,
mental, social, and overall health. Raw response scores
(range 1-5) were averaged to create domain-level scores
that were then summed and transformed to produce physi-
cal, mental, and social health summary scores (range O0—
100). Higher score represents better health. The overall
health summary score was calculated as an average of phys-
ical health summary score, mental health summary score,
and social health summary score and weighted such that
the physical health summary score receives twice the weight
of the mental and social health summary scores. The physi-
cal health summary was weighted more heavily than mental
and social scores because physical health items comprise
more than half of all PROMIS+HF-27 items and to reflect
the weight of emphasis on physical vs. other symptoms in
HF clinical practice and research. Domains were grouped un-
der physical, mental, and social health based on the existing
conceptual health framework used across PROMIS
measures.

In the PROMIS+HF-10, physical, mental, and social health
summary scores were calculated by averaging the items in
these domains. As with the PROMIS+HF-27, the overall health
summary score was calculated as an average of the physical,
mental, and social health scores, with the physical health
score receiving twice the weight of the mental and social
scores.

In addition to the 0—100 range summary health scores, for
the PROMIS+HF-27 and PROMIS+HF-10, T-scores for existing
PROMIS domains can be generated for the following do-
mains: dyspnoea, fatigue, physical function, sleep distur-
bance, depression, anxiety, and ability to participate in social
roles. Additionally, from the PROMIS+HF-27, PROMIS T-scores
can be generated for pain interference and cognitive func-
tion. The precision of T-scores increases with more items
per domain; thus, the standard error for T-scores generated
using the PROMIS+HF-10 is larger than with the PROMIS
+HF-27.
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Figure 1 Comparison of domains covered in each of the PROMIS+HF profiles. This figure compares the domains covered in the long-form PROMIS+HF,
PROMIS+HF-27, and PROMIS+HF-10 profiles. All domains in the PROMIS+HF-10 (in blue) are also in the PROMIS+HF-27 and long-form PROMIS+HF pro-
files. All domains in the PROMIS+HF-27 (in green) are on the long-form PROMIS+HF profile. The long-form PROMIS+HF profile has five domains (in
black) not included in the abbreviated profiles. The number of items in each domain varies by profile as detailed in the Supporting Information.
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Additional details on scoring and handling missing data are
available in the scoring guide included in the Supporting
Information.

Statistical and psychometric analysis

Initial psychometric assessment and reliability testing

Using the cross-sectional sample, we generated item-level
frequencies for each item to evaluate skewness and floor
and ceiling effects. We summarized results by physical,
mental, social, and overall health summary scores using
standard descriptive statistics (mean, median, min, max, kur-
tosis, and graphic score distributions) and classical item
analyses (inter-item correlation and item-total correlation).?*
Internal consistency reliability of the PROMIS+HF-27 and
PROMIS+HF-10 physical, mental, social, and overall health
summary scores was assessed using Cronbach’s alpha for
scales with greater than two items and Spearman—Brown
coefficients for scales with two items.”>*® We calculated
intraclass correlation coefficients (ICCs) to evaluate test-re-
test reliability in the subset of 100 participants retested at
3-7 days.

Validity testing

We evaluated known-groups validity for the PROMIS+HF-27
and PROMIS+HF-10 using clinical groupings of PROMIS Global
Physical Health and Mental Health scores and self-reported
NYHA class symptoms. Participants’ overall and physical
health summary scores were calculated and grouped into
‘low’, ‘average’, or ‘high’ categories based on PROMIS Global
Physical Health tertiles. Participants’ overall, mental, and so-
cial health summary scores were calculated and grouped into
‘low’, ‘average’, or ‘high’ categories based on PROMIS Global
Mental Health tertiles. We evaluated group differences with
analysis of variance (ANOVA). We used ANOVA to examine
difference in overall and physical health summary scores by
the NYHA classification (I through IV) in the cross-sectional
sample.

Convergent validity was evaluated by comparing health
summary scores of the PROMIS+HF-27 and PROMIS+HF-10
to KCCQ. We calculated Pearson’s r and Spearman’s p (to ac-
count for skewed score distributions) correlation coefficients
comparing the physical, mental, social, and overall health
summary scores of the PROMIS+HF-27 and PROMIS+HF-10
profiles with the KCCQ clinical summary score, quality of life
score, social limitation score, and overall summary score,
respectively. Convergent validity was defined as r or
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p > 0.60.27?8 We repeated the internal consistency reliability
and validity testing in the baseline population of participants
in the longitudinal clinical sample.

Responsiveness and estimates of group-based clinically im-
portant differences

To evaluate within-person change across time, we conducted
paired t-tests of baseline vs. follow-up of PROMIS+HF-27 and
PROMIS+HF-10 physical, mental, social, and overall health
summary scores and calculated effect size (Cohen’s d). Several
different methods have been described to establish a thresh-
old for clinically important differences (CIDs) for PROMs, and
CID thresholds can vary by use case, population, and
context.?%3° To provide an estimate for group-based CID for
the PROMIS+HF overall and physical summary scores, we used
the mean difference between baseline and follow-up and
Cohen’s d in the longitudinal sample with cut-offs for a small,
medium, and large effect sizes of 0.2, 0.5, and 0.8,
respectively.?’

Responsiveness to change was analysed using change in
KCCQ scores as a clinical reference. Differences in KCCQ
scores from baseline to follow-up were calculated and cate-
gorized as ‘improved’ (change of KCCQ > 5), ‘no clinical
change’ (change of KCCQ between —4 and 4), and ‘worsened’
(change of KCCQ < —5) for KCCQ clinical summary and overall
summary scores. Average change in scores across time for
the PROMIS+HF-27 and PROMIS+HF-10 physical health sum-
mary and overall health summary scores by each KCCQ group
(‘improved’, ‘no clinical change’, and ‘worsened’) were
assessed using mixed-effects linear regression.

Comparison of scores from PROMIS+HF-27 and PROMIS
+HF-10 profiles

We used Spearman’s p to calculate the correlation of the
physical, mental, social, and overall health scores between
the PROMIS+HF-27 and PROMIS+HF-10 profiles.

Results

Initial psychometric assessment and reliability
testing

In the 600-person sample, the physical, mental, social, and
overall health summary scores for the PROMIS+HF-27 and
PROMIS+HF-10 were normally distributed with no evidence
of skewness (Table 2). For internal consistency reliability test-
ing (Table 3), Cronbach’s alphas were good (>0.80) to excel-
lent (>0.90) for the overall health summary scores for the
PROMIS+HF-27 (0.94) and PROMIS+HF-10 (0.85) and for the
PROMIS+HF-27 physical, mental, and social health summary
scores (0.90, 0.90, and 0.82, respectively). Given the small
number of items, Cronbach’s alpha and Spearman—Brown co-
efficients were fair (>0.60) to acceptable (>0.70) for PROMIS
+HF-10 physical health, mental health, and social health sum-
mary scores (0.76, 0.60, and 0.64, respectively). The average
inter-item correlations across summary scores ranged from
0.37 to 0.50 in the PROMIS+HF-27 and from 0.34 to 0.44 for
the PROMIS+HF-10, which indicates that the items are mea-
suring the same construct without being overly repetitive.
The item-total correlations (i.e. the correlation of an individ-
ual item with the summary score excluding the item of inter-
est) were moderate to high (0.33-0.86) across both profiles.

The test-retest reliability (Supporting Information,
Table S7) was excellent for nearly all PROMIS+HF-27 and
PROMIS+HF-10 summary scores (ICC > 0.90) except for the
PROMIS+HF-10 social health summary score, which was
acceptable (0.75).

Validity testing

As shown in Supporting Information, Table S8, for the Global
Physical Health known-groups validity comparisons, members

Table 2 Measure statistics of the PROMIS+HF-27 and PROMIS+HF-10 profiles in 600-participant cross-sectional sample

PROMIS+HF-27 profile

Observed
Summary
score Mean Median SD Skewness Kurtosis Min Max
Physical health 54.9 53.9 17.2 0.08 0.27 6.3 97.5
Mental health 56.3 55.0 19.8 0.10 —-0.03 0 100
Social health 55.4 56.3 21.0 -0.12 0.13 0 100
Overall health 55.4 54.2 16.9 0.04 0.27 3.5 98.8

PROMIS+HF-10 profile

Observed
Summary
score Mean Median SD Skewness Kurtosis Min Max
Physical health 54.7 54.2 16.6 0.24 0.22 5 95.8
Mental health 57.4 50.0 23.1 -0.13 -0.38 0 100
Social health 57.3 62.5 21.8 -0.34 0.16 0 100
Overall health 56.0 55.2 16.9 —0.01 0.25 7.3 97.9

SD, standard deviation.
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Table 3 Internal consistency reliability of the PROMIS+HF-27 and PROMIS+HF-10 profiles in 600-participant cross-sectional sample

PROMIS+HF-27 profile

Inter-item correlation

Item-total correlation

Summary
score No. of items Alpha Average Min Max Min Max
Physical health 14 0.90 0.37 0.10 0.60 0.42 0.73
Mental health 9 0.90 0.49 0.27 0.76 0.62 0.79
Social health 4 0.82 0.50 0.43 0.55 0.75 0.83
Overall health 27 0.94 0.37 0.10 0.75 0.33 0.74

PROMIS+HF-10 profile

Inter-item correlation Item-total correlation

Summary
score No. of items Alpha Average Min Max Min Max
Physical health 6 0.76 0.34 0.14 0.50 0.47 0.71
Mental health 2 0.60° 0.43 NA NA 0.84 0.84
Social health 2 0.64° 0.44 NA NA 0.81 0.86
Overall health 10 0.85 0.35 0.14 0.50 0.41 0.73

Alpha, Cronbach’s alpha.
‘Spearman-Brown coefficient due to two-item summary score.

Figure 2 Box plot for known-groups validity for PROMIS+HF-27 profile by New York Heart Association (NYHA) class. With each increase in self-reported
NYHA class, there was a significant graded increase in mean PROMIS+HF-27 overall (A) and physical health (B) summary scores (F-value <0.001). The
solid line represents median score, and the circle represents mean score. The box represents the inter-quartile range of scores and whiskers the min
and max values observed within each class. HF, heart failure; P+HF, PROMIS+HF; PROMIS, Patient-Reported Outcomes Measurement Information

System.
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of the high-tertile score group had significantly higher
PROMIS+HF-27 and PROMIS+HF-10 overall and physical
health summary scores than members of the middle-tertile
and low-tertile groups. Members of the middle-tertile group
had better overall and physical health summary scores than
members of the low-tertile groups. Similarly, for the Global
Mental Health known-groups validity comparison, members
of the high-tertile score group had significantly better
PROMIS+HF-27 and PROMIS+HF-10 overall, mental, and so-
cial health summary scores than members of the
middle-tertile and low-tertile groups. Members of the
middle-tertile groups had significantly better overall, mental,
and social health summary scores than members of the
low-tertile groups. All differences between groups were sta-
tistically significant at P <0.001, with the exception of the dif-
ference in PROMIS+HF-10 social health summary score

between the highest and middle mental health groups
(P = 0.05).

Across self-reported NYHA class, there were significantly
lower (worse) overall and physical health summary scores
(F-value <0.001) reported on both PROMIS+HF-27 and
PROMIS+HF-10 for persons reporting a higher (worse) NYHA
grade (Figures 2 and 3).

For convergent validity testing, the PROMIS+HF-27 and
PROMIS+HF-10 overall health and physical health summary
scores had expected correlations with the corresponding
scores of KCCQ (all r/p > 0.60). Some of the correlations of
the mental health and social health summary scores of the
two PROMIS profiles with the corresponding KCCQ scores
(quality of life and social limitations, respectively) were
slightly below the 0.60 threshold for convergence but were
still relatively high (i.e. >0.50) (Table 4).
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Figure 3 Box plot for known-groups validity for PROMIS+HF-10 profile by New York Heart Association (NYHA) class. With each increase in self-reported
NYHA class, there was a significant graded increase in mean PROMIS+HF-10 overall (A) and physical health (B) summary scores (F-value <0.001). The
solid line represents median score, and the circle represents mean score. The box represents the inter-quartile range of scores and whiskers the min
and max values observed within each class. HF, heart failure; P+HF, PROMIS+HF; PROMIS, Patient-Reported Outcomes Measurement Information

System.
(A) PROMIS+HF-10 Overall Health (B) PROMIS+HF-10 Physical Health
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Table 4 Convergent validity of PROMIS+HF summary scores and KCCQ scores in 600-participant cross-sectional sample

PROMIS+HF-27 profile

Measure score comparison

Pearson’s r coefficient Spearman p coefficient

P+HF physical health summary and KCCQ clinical summary
P+HF mental health summary and KCCQ quality of life
P+HF social health summary and KCCQ social limitation
P+HF overall health summary and KCCQ overall summary

0.79 0.69
0.68 0.61
0.64 0.57
0.82 0.72

PROMIS+HF-10 profile

Measure score comparison

Pearson’s r coefficient Spearman p coefficient

P+HF physical health summary and KCCQ clinical summary
P+HF mental health summary and KCCQ quality of life
P+HF social health summary and KCCQ social limitation
P+HF overall health summary and KCCQ overall summary

0.78 0.69
0.62 0.56
0.57 0.50
0.80 0.70

KCCQ, Kansas City Cardiomyopathy Questionnaire; P+HF, PROMIS-Plus-Heart Failure.

Confirmatory reliability and validity testing

The findings of the confirmatory reliability and validity testing
in the baseline population of participants on the longitudinal
clinical sample (n = 185)—including known-groups validity
testing with NYHA class abstracted from chart review—were
overall similar to those in the 600-participant cross-sectional
sample (data not shown).

Responsiveness and estimates of group-based
clinically important differences

In the longitudinal sample of 75 participants from five treat-
ment categories, there was evidence of responsiveness with
a statistically significant improvement for the PROMIS+HF-
27 overall, physical, and mental health summary scores and
the PROMIS+HF-10 overall and physical health summary
scores, with small to medium effect sizes (Table 5). The mean

change for the PROMIS+HF-27 social health and PROMIS+HF-
10 mental and social health summary scores reflected im-
provement in health but did not achieve statistical signifi-
cance. For the PROMIS+HF-27 and PROMIS+HF-10 overall
summary scores, a group-based increase of 8.3 (Cohen’s
d =0.42) and 7.6 points (Cohen’s d = 0.40), respectively, rep-
resented a small to medium change. For the PROMIS+HF-27
and PROMIS+HF-10 physical summary scores, a group-based
increase of 5.9 (Cohen’s d = 0.35) and 5.0 points (Cohen’s
d = 0.29), respectively, represented a small to medium
change.

More than half of the 75 participants (n = 39-42) had an
improvement of >5 points in the KCCQ clinical summary
and overall summary scores (Supporting Information, Tables
S9and S10). In the linear mixed regression analysis of change
by KCCQ group, improvement in PROMIS+HF-27 physical and
overall health summary scores and PROMIS+HF-10 physical
summary scores was associated with a >5-point improvement
of KCCQ comparator score. Association of change in PROMIS
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Table 5 Paired t-test of PROMIS+HF-27 and PROMIS+HF-10 summary scores and KCCQ scores at baseline and follow-up in longitudinal

sample
Mean Effect size t-test
Time N  Mean SD  difference  (Cohen’sd) P value Result interpretation®
PROMIS+HF-27 profile
Physical health summary score  T1 75 454 209 83 0.42 0.0007 T2 = better domain status
T2 75 537 23.6
Mental health summary score ~ T1 75 60.1 23.1 4.6 0.25 0.0334 T2 = better domain status
T2 75 64.7 22.7
Social health summary score T1 75 459 25.0 25 0.10 0.4005 No significant time difference
T2 75 484 28.3
Overall health summary score  T1 75 49.2 204 5.9 0.35 0.0036 T2 = better domain status
T2 75 55.1 22.2
PROMIS+HF-10 profile
Physical health summary score  T1 75 47.0 209 7.6 0.40 0.0009 T2 = better domain status
T2 75 54.6 22.0
Mental health summary score  T1 75 60.7 233 4.0 0.18 0.1221  No significant time difference
T2 75 64.7 244
Social health summary score T1 75 46.3 26.3 0.7 0.02 0.8422  No significant time difference
T2 75 47.0 29.3
Overall health summary score  T1 75 50.2 19.5 5.0 0.29 0.0159 T2 = better domain status
T2 75 55.2 20.9

SD, standard deviation.
‘Interpretation of results of statistical t-test.

+HF-10 overall health summary score with KCCQ overall sum-
mary score was directionally consistent with improvement
but did not achieve statistical significance (P = 0.06). The sam-
ple sizes for participants without clinically important change
or worsening KCCQ score of >5 points were small (n range
11-15), which limits the interpretability of the regression
model in those groups.

Comparison of scores from PROMIS+HF-27 and
PROMIS+HF-10 profiles

In the cross-sectional sample, the means for the PROMIS+HF-
27 and PROMIS+HF-10 overall, physical, mental, and social
health summary scores, respectively, were highly correlated
(0.82—0.95; Supporting Information, Table S11).

Discussion

Using a combination of team expertise and input 43 HF clini-
cians, we developed two abbreviated profiles from the 86-
item PROMIS+HF profile measure: the PROMIS+HF-27 and
PROMIS+HF-10 profiles, each producing summary scores for
overall health, physical health, mental health, and social
health. The PROMIS+HF-27 is primarily intended for research
purposes as it provides a broader coverage of health do-
mains. The PROMIS+HF-10 is primarily for clinical purposes
given its brevity. We performed initial validation of these
new profiles using a cross-sectional sample of 600 partici-
pants with HF and a 75-person clinical, longitudinal sample.
More than half of items in each profile comprise existing
PROMIS items: 17 of 27 items in the PROMIS+HF-27 profile

and 6 of 10 items in the PROMIS+HF-10 profile were existing
PROMIS items.

The PROMIS+HF-27 and PROMIS+HF-10 exhibited good to
excellent internal consistency reliability and excellent test-re-
test reliability for each of the summary scores. Comparisons
with PROMIS Global Physical and Mental Health measures,
NYHA class, and KCCQ scores all supported the validity of
the PROMIS+HF-27 and PROMIS+HF-10 profile summary
scores. The confirmatory reliability and validity findings were,
as anticipated, overall similar using the baseline data in the
185-person longitudinal cohort from six health systems. The
PROMIS+HF-27 and PROMIS+HF-10 mental health and social
health summary scores were modestly correlated with the
KCCQ quality of life and social limitation scores, which may
reflect the different aspects of mental and social health cov-
ered by the different measures or the difference in framing
items with and without HF-specific language.

In the analysis of longitudinal data of 75 participants, there
was some evidence of responsiveness, in particular for the
PROMIS+HF-27 and PROMIS+HF-10 overall and physical
health summary scores, both for the entire sample and when
using the group with improvement of comparator KCCQ
scores of >5 points as an anchor. The estimated range of
group-based, small to medium clinical improvement for the
PROMIS+HF overall and physical summary scores ranged
from 5.0 to 8.3. PROMIS+HF mental and social health sum-
mary scores did not show consistent evidence of responsive-
ness, which may reflect limitations in the sample, the overall
less responsive nature of mental and social health to specific
clinical interventions in the 3 month period, and differences
in content between the PROMIS+HF mental and social health
items and KCCQ quality of life and social limitation items.
Mean summary scores from the PROMIS+HF-27 and
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PROMIS+HF-10 were highly correlated, which is expected
given their overlap in content. The PROMIS+HF-10 was less
precise than the PROMIS+HF-27, likely due to its relative
brevity and the absence of items on low intensity physical ac-
tivities. However, by covering key domains important to pa-
tients with HF in a very brief profile, the PROMIS+HF-10
scores can be the starting point for a more extensive conver-
sation on patients’ health status, goals of care, and care plan.

Items for the PROMIS+HF-10 were selected based on feed-
back from HF clinicians on the items they would find mostly
clinically informative and important. If used in clinical care,
the administration of the 10-item profile, including mental
and social health items, on a regular interval may be helpful
to track changes in HF patients over longer periods of time,
such as every 6 months. The combination of physical, mental,
and social health information, including measurement of loss
of independence, may enhance the comprehensive manage-
ment of patients with HF. This may include referral to pallia-
tive care specialists or mental health clinicians or imple-
menting strategies to support caregivers. In other clinical
scenarios, such as during the transitional period after HF hos-
pitalization or for guideline-directed medical therapy titration
in patients with HF, the PROMIS+HF-10 physical health items
and summary score may be particularly informative.

Integration of the PROMIS+HF-10 into routine care may be
facilitated by existing pathways to integrate PROMs into EHRs
via APIs or native functionality. Logical Observation Identifiers
Names and Codes (LOINC®) codes exist for PROMIS items and
are in the review process for HF-specific items, which will fa-
cilitate mapping into common data models for networks like
PCORnet and the Observational Health Data Sciences and
Informatics.>>3?

Several PROMIS measures are currently being used in clin-
ical practices in a wide range of institutions and settings, in-
cluding primary care, orthopaedics, rheumatology, paediat-
rics, and oncology.>*>” Deployment of the PROMIS+HF-10
profile into clinical practice is a future area of investigation.

The PROMIS+HF-27 and PROMIS+HF-10 profiles extend the
prior work of the long-form PROMIS+HF profile measure by
generating overall, physical, mental health, and social health
summary scores in concise instruments that cover key as-
pects of health in patients with HF. For a particular research
case, additional items from the long-form PROMIS+HF may
be useful. For example, if a researcher wanted to evaluate
domains not included in the PROMIS+HF-27, such as anger
or illness burden, or generate a more precise T-score for an
existing PROMIS domain, such as fatigue, dyspnoea, or de-
pression, additional items from the long-form PROMIS+HF
profile could be administered.

These instruments add to the library of HF PROMs, each of
which has strengths and limitations, depending on intended
use case.'® The KCCQ and the Minnesota Living with Heart
Failure Questionnaire have been used in clinical research, in-
cluding regulatory review for use as medical device develop-

ment tools, and they are widely used in clinical studies.®°
Strengths of the PROMIS+HF-27 profile include the ability to
comprehensively capture different components of mental
and social health and leverage previously tested and widely
used PROMIS items. Strengths of the PROMIS+HF-10 profile
include concisely capturing key areas related to physical,
mental, and social health and its modular form such that as
few as six questions could be administered to produce the
physical health summary score. Although, similar to other
measures, the items do not capture all potential symptoms
experienced by patients with HF, the abbreviated profiles
capture key symptoms identified as most important by pa-
tients during the initial development of the measure and cli-
nicians during the initial development of the long-form and
abbreviated PROMIS+HF profiles. The PROMIS+HF-10 and
the KCCQ-12 have several similarities, including comparable
length and coverage of physical, mental, and social health.
There are some differences in the specific content. For exam-
ple, the PROMIS+HF-10 has questions to evaluate anxiety and
independence, and the KCCQ-12 includes a more specific
orthopnoea question and frames many of its questions with
an HF attribution. Lastly, the PROMIS+HF-10 includes ques-
tions related to anxiety and independence and the ability to
generate PROMIS T-scores on six PROMIS domains (dys-
pnoea, fatigue, physical function, sleep disturbance, depres-
sion, and ability to participate in social activities) that enable
comparisons with the general population.

The PROMIS+HF-27 and PROMIS+HF-10 profiles add to the
HF PRO assessment library and expand options for specific re-
search and clinical use cases. For example, in a specific re-
search or clinical use case, the lookback period for symptoms
may be particularly important, and this period can vary by
measure. The lookback period when specified is 7 days for
PROMIS+HF items, whereas it is 2 weeks for KCCQ items
and 24 h for items in the recently developed HF Symptom
Tracker, which was designed for daily use.?*3® The researcher
or clinician has the option to choose the measure that is best
suited for the specific use case. In addition, health systems
that have adopted a PROMIS approach to assessing its popu-
lation may wish to remain in the PROMIS system when build-
ing out an HF-specific programme, affording some efficiencies
and compatibility across service lines.

This study has several limitations. The PROMIS+HF-27 and
PROMIS+HF-10 were developed using the same data set as
the PROMIS+HF profile measure. Limitations of that data
set include the relatively small number of patients in the clin-
ical sample with longitudinal follow-up data and the lack of
objective measures of exercise capacity and physical function
to correlate with the PROMIS+HF physical health summary
score. Although we demonstrated reliability, validity, and
some evidence of responsiveness and report preliminary esti-
mated of group-based CIDs, future work in prospective co-
horts will provide additional data on CIDs, responsiveness,
and the utility of the PROMIS+HF-27 and PROMIS+HF-10 pro-
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files. The PROMIS+HF-10 profile has 10 items with two ques-
tions comprising mental and social health scores. The small
number of questions limits psychometric testing of the
PROMIS+HF-10 profile. Lastly, T-scores that enable compari-
sons to the general population or patients with HF were
not developed for all domains as part of this initial study
due to different calibrations for existing PROMIS items and
HF-specific items. However, the PROMIS+HF-27 can generate
T-scores anchored to the general population for the seven,
pre-existing PROMIS domains with pre-existing PROMIS items
(dyspnoea, fatigue, physical function, sleep disturbance,
depression, cognitive function, and ability to participate in
social roles and activities). Lastly, baseline characteristics,
such as HF aetiology, HF subtype, and medication regimen,
were not available in the study samples.

In summary, we developed and performed an initial valida-
tion of the PROMIS+HF-27 and PROMIS+HF-10 profiles, which
produce overall health, physical health, mental health, and
social health summary scores. Beyond additional research
on the prospective validation, clinically important difference
thresholds, and the prognostic value of the profiles and
scores, several questions related to the broader implementa-
tion of PROMs in patients with HF remain. Although several
studies have described barriers and facilitators for the inte-
gration of PROMs into routine care, more work remains to
identify best practices to increase patient completion rates
and clinician adoption, including streamlining EHR and
workflow integration, and evaluating the impact of PROM ad-
ministration on outcomes.>*~** Many questions remain about
the frequency, instrument selection, and mode of PROM as-
sessment in clinical practice, administration of PROMs during
key aspects in HF care, such as post-hospitalization, medica-
tion titration, the use of PROMs as part of an evaluation for
advanced therapies and/or palliative care, and the integra-
tion of PROMs with other data sources, including EHR data
and implantable and non-invasive sensors. The PROMIS+HF-
27 and PROMIS+HF-10 profiles can be used to facilitate
patient-centred care and research, including the study of op-
timal PROM implementation in routine care.
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