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Aims Clinically important thresholds in patient-reported outcomes measures like the Kansas City Cardiomyopathy
Questionnaire (KCCQ) have not been defined for patients with heart failure and preserved ejection fraction (HFpEF).
The aim of this study was to estimate meaningful thresholds for improvement or worsening in the KCCQ physical
limitation score (PLS) in patients with HFpEF.

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Methods
and results

In this pre-specified analysis from VITALITY-HFpEF, anchor- and distribution-based approaches were used to estimate
thresholds for improvement or worsening in the KCCQ-PLS using Patient Global Impression of Change (PGIC) as
an anchor. The KCCQ-PLS contains six elements, with each increment in response resulting in a change of 4.17
points when converted to a 0–100 scale. The mean change in KCCQ-PLS from baseline to week 12 was calculated
for each PGIC group to estimate a meaningful within-patient change. Of 789 patients enrolled, 698 had complete
KCCQ-PLS and PGIC data at week 12. The mean (± standard deviation) changes in KCCQ-PLS corresponding
to PGIC changes of ‘a little better’, ‘better’, and ‘much better’ were 5.7±18.6, 11.6± 19.3, and 18.4± 25.3 points,
respectively. The scores of patients who responded ‘a little better’ (n = 177) overlapped substantially with those who
reported ‘no change’ (n = 193; mean change 2.8±18.9). The mean change in KCCQ-PLS for patients responding
‘a little worse’ (n = 32) was −2.6±18.0 points. The threshold for meaningful within-patient change in KCCQ-PLS
based on distribution-based analyses was 12.3 points. Using area under the curve (AUC) analyses of KCCQ-PLS, the
sensitivity and specificity of a 4.17-point change were 0.61 and 0.57, for an 8.33-point change they were 0.49 and
0.64, and for a 12.5-point change they were 0.44 and 0.72 for being at least a little better on the PGIC (AUC = 0.54).

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Conclusion In the VITALITY-HFpEF trial, a change in KCCQ-PLS of ≥8.33 points (corresponding to an improvement in ≥2
response categories of KCCQ-PLS) may represent the minimal clinically important difference for improvement and
a change of ≤ −4.17 points (corresponding to a worsening in ≥1 response category of KCCQ-PLS) may suggest
deterioration in patients with HFpEF.
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Graphical Abstract

Minimal clinically important difference for improvement and deterioration of Kansas City Cardiomyopathy Questionnaire physical limitation score
(KCCQ-PLS) in patients with heart failure with preserved ejection fraction (HFpEF). PGIC, Patient Global Impression of Change.
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Introduction
Patients with heart failure (HF) and preserved ejection fraction
(HFpEF) face significant impairment in health-related quality of
life and physical functioning.1,2 While researchers continue to
seek novel therapies to improve survival among these patients,
the therapeutic focus in HFpEF has appropriately broadened to
consider the impact of patient-reported outcomes. The Kansas
City Cardiomyopathy Questionnaire (KCCQ) is a validated ques-
tionnaire that is widely used to assess various health status
domains in patients with HF.3 The KCCQ physical limitation score
(KCCQ-PLS) measures patient-reported impairments in physical
limitations due to HF. The KCCQ-PLS is one of the domains the
Center for Drug Evaluation and Research, part of the US Food
and Drug Administration (FDA), has deemed appropriate as a
clinical outcome assessment measure for HF drug development.4

The KCCQ-PLS has been validated against the 6-min walk dis-
tance and the New York Heart Association functional class.3,5,6

Despite its validity, reliability, and prognostic significance, interpret-
ing what magnitude of KCCQ-PLS change is meaningful to patients
is ill-defined, particularly in patients with HFpEF.7 Clarifying the clin-
ical significance of changes in KCCQ-PLS is desirable to enhance
interpretation of clinical trials that seek to quantify the impact of
novel treatments on patients’ physical function impairment. ..
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. While prior studies have focused on determining meaning-
ful between-group changes (usually a novel therapeutic and
placebo),6–8 it is equally important to estimate the within-patient
difference in scores given the potential for intrinsic variability and
what is perceived as meaningful to patients. Hence establishing the
definition of responder thresholds that can be used to estimate
rates of improvement and determine the number needed to treat
in a clinically interpretable manner would be valuable for clinicians
and patients alike.9 The VITALITY-HFpEF (eValuate the effIcacy
and safeTy of the orAL sGC stImulator vericiguaT to improve
phYsical functioning in activities of daily living in patients with Heart
Failure and preserved Ejection Fraction) trial was designed to test
whether the novel oral soluble guanylate cyclase (sGC) stimulator
vericiguat improved physical functioning in patients with HFpEF.
An integral part of the analysis plan was to determine clinically
important thresholds of the KCCQ-PLS in patients with HFpEF.

Methods
Study design
VITALITY-HFpEF (NCT03547583) was a randomized parallel-group,
placebo-controlled, double-blind, multicentre phase 2b trial to assess
the efficacy of the oral sGC stimulator vericiguat in improving physical

© 2022 The Authors. European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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functioning limitation as measured by the KCCQ-PLS scale.10 The
detailed eligibility criteria and study design have been published pre-
viously.11 Briefly, patients were enrolled if they presented with chronic
HFpEF and a left ventricular ejection fraction (LVEF) ≥45% with New
York Heart Association class II–III symptoms within 6 months of
a recent decompensation (HF hospitalization or intravenous diuret-
ics for HF without hospitalization), and had elevated natriuretic
peptides. There was no run-in phase. Patients were enrolled inde-
pendent of their baseline KCCQ-PLS. Exclusion criteria included
previous LVEF <40%, estimated glomerular filtration rate (eGFR)
<30 mL/min/1.73 m2, symptomatic hypotension, or a resting heart rate
<50 or ≥100 bpm. Patients who met the eligibility criteria were ran-
domized 1:1:1 to daily vericiguat 15 mg or 10 mg or placebo. The study
protocol was approved by local ethics committees at participating sites;
all patients provided written informed consent. The main results of the
trial have been published previously; 24-week treatment with vericiguat
at either 15 mg or 10 mg daily compared with placebo did not improve
the PLS of the KCCQ.10

Health-related quality of life assessment
The KCCQ is a 23-item, disease-specific measure intended for the
assessment of HF patients’ perspectives of how their disease impacts
their health status. The KCCQ has been shown to be valid, reliable,
sensitive to clinical changes, and associated with death, hospitalization,
and healthcare costs.12–19 The KCCQ measures four clinical domains:
symptoms frequency and severity, physical limitation, quality of life, and
social limitation. As physical functioning was considered an important
measure of treatment benefit with interventions in HFpEF, the change
from baseline to week 24 in the KCCQ-PLS was chosen as the primary
endpoint in the VITALITY HFpEF trial.11 The KCCQ-PLS measures the
limitations imposed by HF that a patient experiences in performing
activities of daily life. There are six items in the physical limitation
domain of the KCCQ, and the response options for each item range
from 1 (extremely limited) to 5 (not at all limited) with an option to also
indicate limitations for other reasons or not completing the activity.
The algorithm used to calculate the PLS applies equal weighting to each
of the items; the raw PLS, which ranges from 6–30 is then transformed
to a 0–100 scale, with higher scores reflecting less physical function
limitation.3 Given this conversion, a 1-response category change on a
single item in the PLS results in a change of 4.17 points on the 0–100
scale (100 total points/24).

Patient global impression of change
and severity
To best determine the clinical meaningfulness of a change in
KCCQ-PLS, the change needs to be correlated with an assess-
ment of the degree to which a patient’s health status has changed.
A common approach is to administer questions that ask patients
how they believe that their health has changed as compared with a
prior time period. Accordingly, Patient Global Impression of Change
(PGIC) questions were administered to assess the degree of change in
physical limitation due to HF when compared with their limitation at
the start of the treatment. Response options included ‘much better’,
‘better’, ‘a little better’, ‘the same’, ‘a little worse’, ‘worse’, or ‘much
worse’. A subsequent question then asked the patient to indicate
whether they felt the degree of change reported was important or
not, with response options of yes or no. The PGIC was administered
at weeks 2, 6, 12, 18, and 24 post-randomization. In addition to PGIC, ..
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.. a Patient Global Impression of Severity (PGIS) questionnaire was
administered to assess the current severity of physical limitations due
to HF, with response options of ‘no limitations’, ‘mild’, ‘moderate’,
‘severe’, or ‘very severe’. The PGIS was administered at baseline and
at all post-randomization visits. The KCCQ, PGIC, and PGIS were
completed electronically, without knowledge of treatment assignment,
before all other assessments during the clinic visits.

Statistical analyses
Meaningful within-patient changes for KCCQ-PLS were estimated using
an anchor-based approach.20,21 Although anchor-based analyses of
week 12 data were considered primary, week 24 data were also
examined to provide support to week 12 data and to assess the stability
of the estimates. KCCQ-PLS mean change scores from baseline to
week 12 were calculated for each PGIC response category to estimate
the average change of participants reporting different magnitudes of
change. Additional anchor-based analyses were conducted using the
PGIS as an additional anchor. The degree of change from baseline
to follow-up on the PGIS was used as an anchor (e.g. improved by
1 response category, declined by 1 response category). Although
the primary endpoint in the VITALITY-HFpEF trial was the change
in KCCQ-PLS from baseline to week 24, the primary time point
chosen for the current analysis was pre-specified to be 12 weeks.
This strategy allowed for the use of blinded interim data from the
VITALITY-HFpEF trial prior to database lock to estimate the thresholds
for improvement and worsening on the primary endpoint, change
in KCCQ-PLS.

Distribution-based approaches were also performed to supple-
ment the anchor-based approaches. Graphical displays via empirical
cumulative distribution functions (CDFs) and probability density
functions (PDFs) were used to illustrate the percent of patients who
experienced different levels of change on the KCCQ-PLS across PGIC
categories. The distribution of change scores via empirical CDF and
PDF plots provides supporting evidence for the identified responder
threshold.22 It has been suggested that 0.2, 0.5, and 0.8 times the
standard deviation (SD) of baseline scores represents small, moderate,
and large changes.23 For these analyses, 0.5 SD and 1 standard error
of measurement (SEM) of the KCCQ-PLS at baseline were selected
to represent a moderately large change.23 The SEM was calculated
as the SD at baseline multiplied by the square root of 1 minus the
reliability of the KCCQ-PLS. The reliability coefficient was estimated
by calculating the correlation (intra-class correlation coefficient [ICC])
between the baseline and week 6 KCCQ-PLS scores among stable
patients.24 Stable patients were defined as patients who responded
‘the same’ to the PGIC at week 6.

All analyses were pre-specified and blinded, with all treatments
combined. Correlations between KCCQ-PLS and anchors were
calculated using Spearman’s rank correlation coefficient to assess the
level of confidence in the interpretation of results. Correlations >0.3
are generally considered acceptable.25 Because each ‘shift’ in response
to the KCCQ-PLS results in a change of 4.17 points, the definitions
of meaningful thresholds for KCCQ-PLS were made in reference to
this scoring interval, although the exact values can reside anywhere
between 0–100.

Receiver operating characteristic (ROC) curve analyses were used
to assess the ability of change in KCCQ-PLS to discriminate between
patients responding ‘a little better’, ‘better’, or ‘much better’ on the
PGIC questionnaire at week 12 and those with other responses. The
point(s) on the curve that optimize sensitivity and/or specificity were
considered the optimal threshold in differentiating between the two

© 2022 The Authors. European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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groups. Area under the curve (AUC) estimates of approximately 0.5
indicate no ability to discriminate between categories.

No imputation was used for missing KCCQ scores and only patients
with complete data were analysed. Analyses were performed using SAS
version 9.4 (SAS Institute, Inc., Cary, NC, USA) and a p-value <0.05
was considered statistically significant.

Results
Patient characteristics
Between 15 June 2018 and 23 April 2019, 789 patients were
randomized at 168 sites in 21 countries. Of these, 761 (96%)
patients had non-missing data for the KCCQ-PLS at baseline. Of
these 761 patients, 695 (91%) at week 12 and 643 (84%) at
week 24 had non-missing data for the KCCQ-PLS, PGIC, and
PGIS measures. The mean age of the cohort was 72.7± 9.4 years
and 48.8% were female. Online Table S1 shows the baseline
characteristics of the patients enrolled.

KCCQ-PLS scores and PGIC
The mean (SD) baseline KCCQ-PLS score was 58.8± 24.5 corre-
sponding to a moderate limitation in physical activities. There was
substantial variation among patients at baseline (range 0–100). On
average, study participants improved over time with KCCQ-PLS
values increasing from baseline at all visits (change from baseline
to week 6: 7.3±18.4; week 12: 6.9± 20.8; week 18: 7.8± 20.9;
week 24: 7.6± 20.3). Individual change scores ranged from −100
to +87.5.

Most participants reported improving over the first 12 weeks,
as assessed by the PGIC. Overall, the evolution in changes was
distributed as follows: 1.6% (n= 11), 28% (n= 193), 30% (n= 211),
21% (n = 144), and 13% (n = 91) reported being worse, the same, a
little better, better, and much better, respectively. Similarly, at week
24 changes in PGIC revealed that 3% (n = 18), 26% (n = 163),
25% (n = 163), 23% (n = 145), and 18% (n = 116) of patients
reported being worse, the same, a little better, better, and much
better, respectively. The Spearman correlations between the PGIC ..
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. and the change in KCCQ-PLS scores were 0.28 at week 12 and
0.31 at week 24.

Meaningful within-patient change
in KCCQ-PLS using PGIC as anchor
At week 12, the mean (SD) change in KCCQ-PLS was 5.7±18.6
points for patients responding ‘a little better’, 11.6± 19.3 points
for those responding ‘better’, and 18.4± 25.3 points for those
responding ‘much better’ (Table 1). At week 24, the corre-
sponding mean (SD) changes in KCCQ-PLS were 8.2±17.7
points, 12.4± 20.1, and 16.1± 21.7 points. The mean change
in KCCQ-PLS for the patient responding ‘a little worse’ was
−2.6± 18.0 at week 12 and− 1.4± 22.2 at week 24 (Table 2). The
mean change in KCCQ-PLS for patients who reported any level of
improvement on the PGIC (much better, better, or little better)
was 10.5± 21.0 and 12.0± 20.0 at weeks 12 and 24, respectively.
The mean KCCQ-PLS change for patients reporting any level of
worsening (much worse, worse, or a little worse) was −5.4±18.7
points at week 12 and− 9.2± 23.5 points at week 24.

Empirical cumulative distribution
function, probability density function,
and area under the curve
The CDFs showed a clear distinction between the improvement
and worsening groups overall (Figure 1). Within the improvement
subcategories, the ‘a little better’ (n = 211) curve overlapped
substantially with the ‘no change’ (n = 193) category. The ‘better’
(n = 144) and ‘much better’ (n = 91) curves were more clearly
differentiated from the ‘no change’ group. The median values on
the 50th percentile line for the ‘better’ and ‘much better’ groups
were ∼10–15 points on the KCCQ-PLS (Figure 2). The worsening
categories on the PGIC were differentiated from the ‘no change’
group and from each other. The median values for the ‘a little
worse’ and ‘worse’ groups were −5 and −15 points, respectively.
Figure 2 shows ∼35% of patients in the ‘a little worse’ category and

Table 1 Summary of Kansas City Cardiomyopathy Questionnaire physical limitation score meaningful improvement
thresholds by Patient Global Impression of Change as anchor

PGIC anchor Meaningful change estimate
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Week 12 Week 24
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

n Mean
KCCQ-PLS
change (SD)

Median
KCCQ-PLS
change (25th, 75th)

n Mean
KCCQ-PLS
change (SD)

Median
KCCQ-PLS
change (25th, 75th)

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

The same 193 2.77 (18.88) 4.17 (−4.17, 12.50) 163 3.43 (16.14) 4.17 (−8.33,14.17)
PGIC: A little better and ‘important’ 177 5.73 (18.60) 4.17 (−4.17, 16.67) 140 8.21 (17.73) 8.33 (−0.83, 17.08)
PGIC: Better and ‘important’ 136 11.56 (19.30) 9.58 (0.00, 25.00) 142 12.40 (20.11) 12.50 (0.00, 25.00)
PGIC: Much better and ‘important’ 88 18.44 (25.29) 16.67 (0.63, 32.08) 115 16.14 (21.68) 12.50 (4.17, 29.17)

KCCQ-PLS, Kansas City Cardiomyopathy Questionnaire physical limitation score; PGIC, Patient Global Impression of Change; SD, standard deviation.
The Spearman correlation between PGIC and KCCQ-PLS was 0.28 and 0.31 at 12 and 24 weeks, respectively.

© 2022 The Authors. European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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Table 2 Summary of Kansas City Cardiomyopathy Questionnaire physical limitation score meaningful deterioration
thresholds by Patient Global Impression of Change as anchor

PGIC anchor Meaningful change estimate
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Week 12 Week 24
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

n Mean
KCCQ-PLS
change (SD)

Median
KCCQ-PLS
change (25th, 75th)

n Mean
KCCQ-PLS
change (SD)

Median
KCCQ-PLS
change (25th, 75th)

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

The same 193 2.77 (18.88) 4.17 (−4.17, 12.50) 163 3.43 (16.14) 4.17 (−8.33, 14.17)
PGIC: A little worse and ‘important’ 32 −2.59 (18.04) −2.08 (−12.50, 8.33) 32 −1.35 (22.20) 0.00 (−10.42, 12.50)
PGIC: Much worse, worse, or a little

worse and ‘important’
47 −5.36 (18.65) −4.17 (−16.67, 6.25) 52 −9.16 (23.50) −4.17 (−21.67, 6.25)

KCCQ-PLS, Kansas City Cardiomyopathy Questionnaire physical limitation score; PGIC, Patient Global Impression of Change; SD, standard deviation.

20% in the ‘worse’ category reported an improvement on their
KCCQ-PLS at 12 weeks.

The AUC analyses demonstrated minimal ability for the
KCCQ-PLS to discriminate between patients’ PGIC ratings for
any improvement versus no change or worsening by 0.54 at
week 12 and 0.56 at week 24. Sensitivity and specificity >0.70
were not achieved in any scenario. Although it would have been
ideal to balance high specificity with high-sensitivity estimates, an
imbalance in favour of high specificity was considered preferable in
this specific context. This would reduce the likelihood that failure
to experience a meaningful change is categorized as having expe-
rienced meaningful change (i.e. a false positive result). Within this
framework, increases in the KCCQ-PLS of 8.3 to 12.5 provided a
sensitivity >0.40 and a specificity >0.70. The sensitivity and speci-
ficity of a 4.17-point change were 0.61 and 0.57; for an 8.33-point
change they were 0.49 and 0.64, and for a 12.5-point change
were 0.44 and 0.72 for being at least a little better on the PGIC
(AUC = 0.54). The threshold for meaningful within-patient change
in KCCQ-PLS from distribution-based methods corresponded to
12.2 for 0.5 SD at baseline, and 10.8 from the 1 SEM based on
ICC = 0.80, which indicates an acceptable level of test–retest
reliability for the KCCQ-PLS.

Meaningful within-patient change
in KCCQ-PLS using PGIS as anchor
The Spearman correlations between the PGIS and change in
KCCQ-PLS were 0.31 at week 12 and 0.41 at week 24. The
thresholds of KCCQ-PLS scores associated with deterioration or
improvement by 1 or 2 response categories from baseline are
shown in online supplementary Table S2.

Discussion
As patient-reported outcomes are increasingly used in clinical tri-
als, it is important to understand how best to determine the
amount of change in a patient-reported outcome score that is
considered meaningful to healthcare providers and patients. In ..
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. this pre-specified and blinded pooled analysis of VITALITY-HFpEF

data, several key findings are evident. First, anchor-based anal-
yses suggest that 8.33 points, on a 0–100 scale, represents a
meaningful within-patient improvement threshold for KCCQ-PLS
in patients with HFpEF, with 12.5 points representing a clearly
important change. This was also supported by the results from
distribution-based methods, where the threshold for meaningful
within-patient change in KCCQ-PLS corresponded to 12.2 for 0.5
SD at baseline. Second, the anchor-based analyses suggest that any
degree of worsening from baseline on the KCCQ-PLS is considered
important to patients. Since the construct of the KCCQ requires
that each ‘shift’ in the KCCQ-PLS corresponds to a change of
4.17 points, for an individual patient this implies that a 4.17 change
represents the threshold for meaningful worsening in KCCQ-PLS
(Graphical Abstract). These data have important clinical implications
as these thresholds for meaningful within-patient improvement and
worsening on the KCCQ-PLS may aid in assessment of treatment
efficacy for therapy in HFpEF and the design of future trials.

Defining clinically important differences in patient-reported
outcomes is challenging. The critical issue is determining
whether or not observed within-patient changes from base-
line in a patient-reported outcome endpoint score are meaningful.
Whereas the KCCQ asks patients to describe their health status at
one point in time, the PGIC questions prompt patients to reflect on
how their health has changed over time. In this study, the correla-
tion between the PGIC and KCCQ-PLS of 0.28 is slightly below the
recommended threshold of 0.30, indicating that the PGIC may not
be a reliable anchor upon which to quantify a change. The reasons
for this disparity are unclear but may reflect patients’ expectation
for improvement after volunteering for a clinical trial thereby
potentially biasing the accuracy of their recollection of physical
impairment. Nevertheless, this anchor-based approach repre-
sents the best strategy currently available and one that has been
endorsed by the FDA.26 The thresholds we have defined corre-
spond to a modest but clinically important change of 8.3 points and
require (on average) an improvement of two response categories
in KCCQ-PLS. This provides strong face validity when reflecting on
the actual KCCQ-PLS composition and is well aligned with prior
estimates of a 5-point improvement in KCCQ-PLS score being

© 2022 The Authors. European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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Figure 1 Empirical cumulative distribution functions of the change from baseline to week 12 in the Kansas City Cardiomyopathy
Questionnaire physical limitation score (KCCQ-PLS) for each anchor category of Patient Global Impression of Change.

clinically important in HF with reduced ejection fraction.6–8 As PLS
is scaled to 100, a shift of 8.33 on a 0–100 scale corresponds to a
change of ∼5 on the KCCQ raw score. The 5-point threshold has
been associated with a 6% (3%–9%) reduction in cardiovascular
death and hospitalization in the TOPCAT trial.13 Larger changes
in patients’ perceived improvement were associated with propor-
tionally larger changes in the KCCQ-PLS that were also consistent
with prior reports of 10 and 20-point changes representing
moderate-to-large and large-to-very large clinical changes.13

Beyond extending the prior work in HF with reduced ejection
fraction populations, the novel data from the current study provide
a useful foundation for interpreting future studies that use KCCQ
as an endpoint. While clinical trials have traditionally reported the
mean differences between treatment groups, these are difficult
to interpret as they average the experiences of patients within
the population. An advantage of determining clinically meaningful
within-patient thresholds as described herein is the enabling of
comparisons between patient groups of the proportions who
reported feeling better, were unchanged, or got worse. This
responder analysis methodology facilitates estimating the number
needed to treat to achieve a benefit of a certain magnitude. One
recently reported trial used this approach to report a signifi-
cant 3.7-point better 12-week KCCQ overall summary score
in patients treated with dapagliflozin, and a number needed to
treat of ∼10 for experiencing a very large improvement in overall
health status.27 It is noteworthy that the magnitude of meaningful
within-patient estimates for improvement and deterioration dif-
fered in our study. This asymmetry has been observed in other ..
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.. studies as well and suggests that a relatively smaller change in
KCCQ-PLS can indicate patient worsening.28,29

There are some limitations to this study. Developing a measure,
independent of the KCCQ, to define clinical change is subject to
misclassification. The correlations between KCCQ-PLS change and
the PGIC were lower than anticipated and below a threshold for
which these analyses are usually performed. Moreover, a sensitivity
and specificity of >0.7 together was not achieved to discriminate
between patients’ PGIC ratings for any improvement versus no
change or worsening. This may be due, in part, to a restricted
range of PGIC values, with relatively few patients reporting wors-
ening, or it could be that a 3-month recall period in the context
of a HFpEF clinical trial was too long for patients to accurately
remember how they were feeling at the start of the trial. Nev-
ertheless, our results were similar with distribution-based analy-
ses. Quality of life in patients with HF may deteriorate over time
and thus meaningful within-patient changes may be dependent, at
least in part, on duration of follow-up. However, assessing these
changes beyond a 3-month duration may be difficult due to recall
bias. Furthermore, the generalizability of these results is limited
to patients with HFpEF with recent decompensation. Because few
patients reported worsening on the PGIC, we were limited in our
ability to define clinically important thresholds for deterioration.
Overall, patients largely improved in all treatment groups, probably
related in part to the placebo effect and intensification of back-
ground therapy. This improvement could have affected the estimate
for threshold of deterioration. Lastly, while patient-reported out-
comes are meaningful as endpoints in themselves, their association
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Figure 2 Empirical probability distribution functions of the change from baseline to week 12 in the Kansas City Cardiomyopathy
Questionnaire physical limitation score (KCCQ-PLS) for each anchor category of Patient Global Impression (PGI) of Change.

with clinical outcomes is also important. Future studies should
assess if the proposed thresholds of the KCCQ-PLS are associated
with subsequent morbidity and mortality.

In conclusion, we found that an improvement of 8.3 points on
a 0–100 scale appears clinically important to patients, as was any
level of deterioration in KCCQ-PLS. Using these thresholds for
meaningful within-patient improvement, future trials can perform
responder analyses to better communicate the number needed
to treat to improve patients’ health status, thus improving the
interpretability of mean differences in scores observed in HFpEF
clinical trials.

Supplementary Information
Additional supporting information may be found online in the
Supporting Information section at the end of the article.
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