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Introduction Evaluation of health status benefits, cost-effectiveness, and value of new heart failure therapies is critical for sup-
porting their use. The Kansas City Cardiomyopathy Questionnaire (KCCQ) measures patients’ heart failure-specific
health status but does not provide utilities needed for cost-effectiveness analyses. We mapped the KCCQ scores
to EQ-5D scores so that estimates of societal-based utilities can be generated to support economic analyses.

...................................................................................................................................................................................................
Methods Using data from two US cohort studies, we developed models for predicting EQ-5D utilities (3L and 5L versions)

from the KCCQ (23- and 12-item versions). In addition to predicting scores directly, we considered predicting the
five EQ-5D health state items and deriving utilities from the predicted responses, allowing different countries’
health state valuations to be used. Model validation was performed internally via bootstrap and externally using
data from two clinical trials. Model performance was assessed using R2, mean prediction error, mean absolute pre-
diction error, and calibration of observed vs. predicted values.

...................................................................................................................................................................................................
Results The EQ-5D-3L models were developed from 1000 health status assessments in 547 patients with heart failure and

reduced ejection fraction (HFrEF), while the EQ-5D-5L model was developed from 3925 patients with HFrEF. For
both versions, models predicting individual EQ-5D items performed as well as those predicting utilities directly.
The selected models for the 3L had internally validated R2 of 48.4–50.5% and 33.7–45.6% on external validation.
The 5L version had validated R2 of 57.7%.

...................................................................................................................................................................................................
Conclusion Mappings from the KCCQ to the EQ-5D can yield the estimates of societal-based utilities to support cost-effect-

iveness analyses when EQ-5D data are not available.
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Introduction

Comprehensive assessments of the benefits of novel therapies entail
explicitly identifying the effect of treatment on both patients’ survival

and their health status: their symptoms, function, and quality of life.
Once a treatment is demonstrated to improve outcomes relative to
an alternative treatment, an analysis of its cost-effectiveness is often
done to establish its value. Conducting such analyses requires
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distilling patients’ health status to a utility, which is a number between
0 and 1, where 0 represents death and 1 perfect health. The utility is
then multiplied by survival to generate quality-adjusted life years
from which the incremental cost-effectiveness ratio of the new treat-
ment relative to the standard can be calculated.1 While utilities can
theoretically be calculated by direct elicitation from patients using the
standard gamble or time trade-off methods,2–5 current approaches
seek to use society’s values of health derived from health status
assessments.6,7 The most common means of assessing health state
utilities is by administering the EQ-5D questionnaire, for which
responses to the items can be mapped to a country’s specific utility
weights.8,9 If EQ-5D data are unavailable, algorithms for obtaining
estimates of EQ-5D utility scores from both generic and disease-spe-
cific health status assessments are being developed.10

In some studies, the EQ-5D is not captured. Instead, disease-
specific health status instruments, such as the Kansas City
Cardiomyopathy Questionnaire (KCCQ), may be used because they
are more specific to the patient population and more sensitive to
changes due to the cardiovascular treatment. In such cases, cost-ef-
fectiveness analyses may require use of results from prior studies to
approximate population-average utilities, although important differ-
ences often exist in the heart failure populations between different
studies. On the other hand, if a disease-specific health status measure
is available, it could theoretically be used to provide an estimate of
utilities in the population of interest.

Heart failure is a chronic condition for which there is high morbid-
ity and mortality and for which patients’ health status can be severely
impaired. Consequently, the development of new therapies is an ac-
tive area of research and development. Many clinical trials have used
the KCCQ11,12 to quantify the impact of new therapies on health sta-
tus. The KCCQ is a disease-specific patient-reported outcome
(PRO) with established validity, reliability, responsiveness, and inter-
pretability.13–16 The KCCQ directly measures outcomes recently
endorsed by the Food and Drug Administration in their guidelines for
endpoints of drug development in heart failure17 and has been quali-
fied as a clinical outcome assessment for approval and labelling of
novel treatments.18,19 While the KCCQ measures patients’ health
status, there are no currently available methods to map it to utilities,
and therefore it cannot be used to support cost-effectiveness analy-
ses. To overcome this limitation, we sought to develop algorithms
for mapping the KCCQ to EQ-5D utility scores so that estimates of
societal-based utilities could be generated to support economic
analyses.

Methods

EQ-5D
The EQ-5D is a standardized instrument for assessing generic health sta-
tus and consists of a descriptive system and a visual analog scale.8,9 The
descriptive system addresses five domains: mobility, self-care, usual activ-
ities, pain/discomfort, and anxiety/depression. Patients rank their state of
health in each domain on an ordinal scale ranging from no problems to
extreme problems. Responses to these items can be converted to a util-
ity score by using valuations obtained from the general population.6,7 For
utilities, a score of 0 represents death and a score of 1.0 represents per-
fect health; negative scores are possible and indicate a state perceived to
be worse than death. Importantly, different countries and cultures may

apply different valuations to different health states. Accordingly, the same
items are used in different countries, and country-specific utilities are
obtained by mapping the item responses to that country’s utility weights.

The original version of the EQ-5D, known as the EQ-5D-3L, provided
three response options for each of the five health state items.20–22 A
newer version, the EQ-5D-5L, retains the same five domains as the 3L
but expanded the number of response options to five for each item. The
5L has improved discriminatory power, validity, and sensitivity as com-
pared with the 3L, while reducing ceiling effects.20–22 Algorithms for
deriving societal utilities are version-specific. However, for countries for
which 5L-based utility scores have yet to be derived, crosswalks are avail-
able that map EQ-5D-5L responses to 3L-based scores.23

Kansas City Cardiomyopathy Questionnaire
The KCCQ is a 23-item self- or interview-administered disease-specific
PRO that quantifies six domains of patients’ heart failure-related health
status: their physical limitations, symptom stability, symptom frequency,
symptom burden, quality of life, and social limitations.24 Scores generated
for each domain range from 0 to 100 with higher scores indicating better
health status.24 The overall summary (OS) score integrates the physical
limitations, symptom frequency, symptom burden, quality of life, and so-
cial limitation scores; the clinical summary score integrates physical limita-
tions, symptom frequency, and symptom burden.24 The original KCCQ-
23 has also been reduced to a 12-item instrument (KCCQ-12) for ease
of implementation.13 The KCCQ-12 includes symptom frequency, phys-
ical and social limitations, and quality of life domains and can also be used
generate clinical and OS scores.13 The KCCQ has been extensively vali-
dated and shown to be reproducible and sensitive to clinical change in
multiple heart failure aetiologies including heart failure with reduced and
preserved ejection fractions and valvular heart disease.13–15,24–26 In add-
ition, among patients with heart failure, KCCQ scores are strongly and in-
dependently associated with survival, heart failure admissions, and
costs.27–29

Data sources
To support both versions of the EQ-5D, for development of the mapping
algorithms, we utilized data from the KCCQ Interpretability Study
(KCCQINT) for the 3L version, and from the CHAnge the Management
of Patients with HF (CHAMP-HF) study for the 5L. KCCQINT is an ob-
servational cohort study of 547 patients with heart failure and reduced
ejection fraction (HFrEF) recruited from 14 heart failure clinics in the
USA between 2001 and 2002.25 Patients completed the KCCQ and EQ-
5D-3L at baseline and 6 (±2) weeks later. All participants provided
informed consent, and Institutional Review Board (IRB) approval was
obtained at each study site. CHAMP-HF is a multicentre, prospective
registry of 4839 outpatients with HFrEF (left ventricular ejection fraction
<_40%) enrolled from 140 centres in the USA between 2015 and 2017.30

The KCCQ and EQ-5D-5L were collected at baseline and 3, 6, 9, 12, 18,
and 24 months. For model development, we used patients’ 6-month
assessments. All study participants provided written informed consent,
and each study centre obtained site-specific institutional review board ap-
proval. Novartis Pharmaceuticals Corporation (East Hanover, NJ) spon-
sored CHAMP-HF and shared the CHAMP-HF data but did not fund
these analyses, nor review the paper prior to submission.

For the EQ-5D-3L, we externally validated our models using data from
Heart Failure: A Controlled Trial Investigating Outcomes of Exercise
Training (HF-ACTION) and Placement of Aortic Transcatheter Valves 2
(PARTNER 2A). HF-ACTION is a randomized controlled trial of 2331
patients with HFrEF recruited from 82 centres in the USA, Canada, and
France between 2003 and 2007.31 Patients completed the KCCQ and
EQ-5D at baseline and 3, 6, 9, 12, 24, and 36 months. HF-ACTION data

Predicting the EQ-5D utilities from the KCCQ 389
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were accessed through the National Heart, Lung, and Blood Institute
with approval from the institutional review board at Saint Luke’s Mid
America Heart Institute, which granted a waiver of informed consent.
PARTNER-2A is a randomized controlled trial of 2032 intermediate-risk
patients with severe symptomatic aortic stenosis recruited from 57
centres in the USA and Canada between 2011 and 2013.32 PARTNER-
2A was selected for further validation given the different phenotype
(valve disease) and older age of the patients. The KCCQ and EQ-5D
were collected at baseline and 1 month, 1 year, and 2 years. For the pur-
pose of this study, we used the baseline and 1-year data. For the EQ-5D-
5L, as we did not have access to any other studies’ data using this instru-
ment, we performed model validation using 12-month assessments from
CHAMP-HF.

Statistical analysis
We employed two general approaches to predict EQ-5D scores from
the KCCQ. In the first approach, we predicted utility scores directly,
using US TTO-based valuations.33 Within this approach, we considered
two alternative models of EQ-5D scores: 1) a linear regression model
and 2) a two-part regression model, using logistic regression for the prob-
ability of EQ-5D utility being equal to 1.0 and linear regression for scores
<1.0. The two-part model was included to account for the ‘spike’ of
scores at 1.0, representing patients who reported perfect health status.

In the second approach, we developed separate prediction models for
each of the five EQ-5D health state domains (mobility, self-care, usual
activities, pain/discomfort, anxiety/depression) using proportional odds
regression. These models yield predicted probabilities of each possible
response to each of the five EQ-5D items, as a function of the KCCQ.
The EQ-5D index score was then calculated by applying the EQ-5D scor-
ing algorithm (using the US TTO value set) to the predicted probabilities
of responses for each item, treating these probabilities as ‘fractional
points’ for the item responses. A key advantage of this approach is that,
by directly predicting EQ-5D health states from the KCCQ, predictions
are not tied to any specific country’s valuations, and thus can be applied
to different value sets by applying the corresponding EQ-5D scoring algo-
rithm to the predicted responses.

For all models described above, we evaluated different configurations
of the KCCQ scores or items as predictor variables. These included 1) a
model including only the KCCQ OS score, 2) a model including all indi-
vidual KCCQ domain scores, and 3) a model including all individual
KCCQ items. Nonlinear effects were examined using restricted cubic
splines for scores and quadratic terms for individual items. Models were
developed for both the 23- and 12-item versions of the KCCQ.

For the EQ-5D-3L models, we used both baseline and 6-week assess-
ments from KCCQINT for model development, using generalized esti-
mating equations to account for the correlation of repeated
measurements within patients. We evaluated interactions of predictor
effects with assessment time and found no significant differences (P > 0.18
across all EQ-5D items and all KCCQ scores) and, therefore, pooled
both assessments in estimating predictor coefficients.

For the EQ-5D item-specific predictions, we utilized cumulative link
models. We examined various link functions (logit, probit, log–log, com-
plementary log–log), comparing model fit using AIC statistics, and used
score tests and graphical methods to evaluate the parallel slopes assump-
tion. In general, a logit link (corresponding to a proportional odds model)
performed as well or better than other options, with no substantial
departures from proportionality.

Under the assumption that the relationship between KCCQ scores
and EQ-5D outcomes would be independent of other patient character-
istics, we based our models solely on the KCCQ without incorporation
of other covariates. To test this assumption, in the KCCQINT study, we

augmented our models with patient demographic characteristics (age,
sex, race) and clinical co-morbidities (stroke, arthritis, lung disease, dia-
betes, peripheral artery disease). We found that none of these factors
were significantly associated with EQ-5D scores after accounting for par-
ticipants’ KCCQ scores.

In the KCCQINT study, some KCCQ subscales were missing due to
skipped items, the most common being the Social Limitation scale
(n = 33). To account for missing data, we used multiple imputation meth-
ods. The imputation model included the 23 individual KCCQ items and
the 5 individual EQ-5D items at both baseline and 6 weeks, along with the
EQ-5D Visual Analog Scale and patients’ age and sex as auxiliary covari-
ates. Twenty randomly imputed data sets were generated; models were
built on each imputed data separately and results were pooled to obtain
final beta weights.

In CHAMP-HF, of the 4839 enrolled patients, 3925 completed the 6-
month assessment. Of those who completed the assessment, there were
no skipped items for either the KCCQ or EQ-5D.

Model performance was assessed using R2, mean prediction error,
mean absolute prediction error, and calibration plots of observed vs. pre-
dicted values. Internal validation was performed using bootstrap methods
to evaluate the risk of overfitting. External validation was performed in
HF-ACTION and PARTNER 2A.

Results

EQ-5D-3L
Study population

The 547 patients with HFrEF in the KCCQINT analytic cohort had a
median age of 60 years (Interquartile Range (IQR) 52, 71), 23.8%
were women, and the median baseline ejection fraction was 25%
(IQR 20, 30; Table 1). The median KCCQ clinical summary and OS
scores were 66.7 (IQR 46.9, 85.4) and 61.5 (41.7, 80.5), respectively.
Out of the 1094 total possible assessments (547 patients times 2
assessments), data were missing on 94 assessments (8.6%) for the fol-
lowing reasons: incomplete baseline EQ-5D (n = 15), incomplete 6-
week assessment due to death (n = 5), hospitalization (n = 5), refusal
(n = 13), loss to follow-up (n = 39), incomplete 6-week KCCQ
(n = 1), or incomplete 6-week EQ-5D (n = 16). As such, our deriv-
ation cohort included 1000 health status assessments. The mean EQ-
5D-3L index score was 0.75 (SD 0.17), and the median was 0.78
(interquartile range 0.69–0.84). Fourteen percent of participants had
an EQ-5D-3L index score of 1.0. The distribution of participants’ EQ-
5D-3L index scores is presented in Figure 1.

Model derivation

Model performance characteristics are summarized in
Supplementary material online, Table S1. For all three prediction
methods (linear model of EQ-5D index, two-part model of index,
proportional odds models of EQ-5D items), models based solely on
the KCCQ OS score yielded nearly identical bootstrap-corrected R2

values of�50%. In all cases, expanding the predictor set to include all
KCCQ domain scores or all individual KCCQ items resulted in slight-
ly improved apparent fit, but after bootstrap correction, the model fit
was no better or slightly worse than that generated by the OS score
alone. Mean prediction errors were all near zero, and calibration
slopes were near 1.0, indicating good fit and calibration to the data.
Adding co-morbidities to the model did not contribute significantly

390 M. Thomas et al.
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.. to model performance; apparent R2 for the model with additional
covariates was 51% compared with 50% with the KCCQ alone
(Supplementary material online, Table S2).

External validation

We performed external validation of the two-part model based on
the KCCQ OS score alone and the item-specific model in HF-
ACTION and PARTNER-2A. Baseline characteristics for these
cohorts are presented in Supplementary material online, Table S3,
and results from the external validation are summarized in
Supplementary material online, Table S4. In the HF-ACTION cohort,
predictive accuracy was slightly lower, particularly at baseline (R2 =
0.34), but with R2 values in the 40–45% range over follow-up.
Predicted utilities tended to underestimate observed utilities slightly,
on average, with a slightly greater bias at baseline (-0.034 for the two-
part model, -0.040 for the item-specific model) that decreased over
follow-up (-0.014 and -0.025 at 24 months, respectively). In the
PARTNER 2A cohort, predictive accuracy was better at baseline
compared with HF-ACTION (R2 �40% in PARTNER vs. 34% in HF-
ACTION). At 1-year Follow-up, predictive accuracy was similar in
the TAVR group of PARTNER 2A and HF-ACTION but worse for
the surgical replacement cohort, potentially due to residual impacts
of surgery, of PARTNER 2A (R2 44% in PARTNER after TAVR vs.
36% after surgery). Mean EQ-5D was underpredicted by about 0.03
at baseline and overpredicted by 0.02–0.03 at follow-up in the
PARTNER 2A cohort.

The results for model derivation and validation using the KCCQ-
12 resulted in similar performance (R2 �47% vs. 50%) and are pre-
sented in Supplementary material online, Tables S5 and S6.

EQ-5D-5L
Study population

Among the participants in CHAMP-HF, 3925 were included, with a
median age of 67 years (IQR 59, 75), of whom 29.4% were women
and the median ejection fraction of the entire cohort was 30% (IQR
23.5, 36.0; Table 2). The mean KCCQ-12 score at 6 months was
71.0 ± 22.3 and the mean EQ-5D-5L index score was 0.7± 0.24 with
27.4% of participants having an EQ-5D-5L index score of 1.0.

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

Table 1 Baseline characteristics of patients in the
Kansas City Cardiomyopathy Questionnaire interpret-
ability study

Demographics

Age (years) 60.0 (52.0, 71.0)

Missing 1

Female sex 130 (23.8%)

Race or ethnicity

African American 143 (26.3%)

Latino 14 (2.6%)

Asian 6 (1.1%)

Caucasian 370 (68.0%)

Multiracial 1 (0.2%)

Others 10 (1.8%)

Missing 3

Co-morbidities

Hypertension 308 (56.3%)

Hyperlipidemia 264 (48.3%)

Diabetes 183 (33.5%)

Prior myocardial infarction 218 (39.9%)

Prior percutaneous coronary intervention 74 (13.5%)

Prior coronary artery bypass graft 150 (27.4%)

Prior valve surgery 27 (4.9%)

COPD/asthma 100 (18.3%)

Renal failure 31 (5.7%)

Baseline ejection fraction (%) 25.0 (20.0, 30.0)

Missing 1

Health status

NYHA class

I 59 (10.8%)

II 227 (41.6%)

III 231 (42.3%)

IV 29 (5.3%)

Missing 1

KCCQ physical limitation score 62.5 (41.7, 83.3)

Missing 1

KCCQ symptom stability score 50.0 (50.0, 50.0)

Missing 3

KCCQ symptom frequency score 70.8 (47.9, 87.5)

Missing 3

KCCQ symptom burden score 75.0 (50.0, 91.7)

KCCQ quality of life score 58.3 (33.3, 75.0)

KCCQ social limitation score 56.3 (31.3, 83.3)

Missing 16

KCCQ clinical summary score 66.7 (46.9, 85.4)

KCCQ overall summary score 61.5 (41.7, 80.5)

EQ-5D visual analog scale 62.0 (50.0, 80.0)

Missing 30

EQ-5D utility index 0.778 (0.689, 0.844)

Missing 15

Continuous variables presented as median (interquartile range) and categorical
variables presented as proportions.
COPD, chronic obstructive pulmonary disease; NYHA, New York Heart
Association.

Figure 1 Distribution of EQ-5D index scores.

Predicting the EQ-5D utilities from the KCCQ 391
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Model derivation

Model performance characteristics are summarized in Supplemen-
tary material online, Table S7. For all three prediction methods (linear
model of EQ-5D index, two-part model of index, proportional odds
models of individual EQ-5D items), models including individual
KCCQ items performed best followed by models including KCCQ
domain scores, and then models including only the OS score. Models
including individual KCCQ items resulted in nearly identical boot-
strap-corrected R2 values of �57% across all three modelling strat-
egies. Mean prediction errors and calibration slopes again indicated
good fit and calibration to the data.

Model validation

Models for predicting the EQ-5D-5L were validated using health as-
sessment date in CHAMP-HF at 12 months, and results are summar-
ized in Supplementary material online, Table S8. Predictive accuracy
was similar in the validation cohort with R2 values ranging 49–56%.
Mean EQ-5D was slightly overpredicted at 12 months (0.001–0.004
for the two-part model, 0.007–0.013 for the item-specific model).

Final selected models
We selected models predicting individual EQ-5D health state items
as the final models. These models performed as well as models pre-
dicting EQ-5D utility scores directly. In addition, by directly predicting
EQ-5D health states from the KCCQ, predictions are not tied to any
specific country’s valuations, and thus, valuations from different coun-
tries can be obtained from the KCCQ. The performance and valid-
ation characteristics of these models are summarized in Table 3 and
Figure 2.

Using predicted utilities: statistical
considerations
The results of external validation in various data sets suggest that the
proposed KCCQ to EQ-5D mappings have good accuracy for pre-
dicting population-average utilities, which are necessary for cost-ef-
fectiveness analyses. However, it is important to note that predicted
utilities for individual patients will be, by the nature of prediction mod-
els, shrunken away from their actual utilities and towards the popula-
tion average (since no prediction model is perfect). An important
implication of this for analyses is that the variability of predicted util-
ities is smaller than that of actual utilities; any analysis that relies on
more than just the population-average utility and simply treats the in-
dividual predictions as actual will underestimate the true variability. If
the predicted utility is the dependent variable in an analysis, this will
produce unconservative results (e.g. confidence intervals and P-val-
ues that are too small). Considering this, we compared the variability
of predicted and actual utilities in our various validation cohorts;
results are provided in Supplementary material online, Table S9.
While there is variation from study to study, these results suggest
that the variance of actual utilities may be �3 times greater than that
of the predicted values for the EQ-5D-3L mappings (using either the
KCCQ-23 or the KCCQ-12), and roughly 1.7 times greater for EQ-
5D-5L predictions. These inflation factors could be applied in certain
analyses to correct for underestimation of variability. For example, a
confidence interval for the EQ-5D-3L population-average utility
could be estimated by first obtaining a confidence interval using usual
methods, treating the predicted values as actual, but then adjusting
the resulting confidence interval by multiplying its half-width by the
square root of 3.

Discussion

The evaluation of the cost-effectiveness of novel therapies is an in-
creasingly important step in identifying the value of new treatments.
A critical requirement in performing such analyses is to have utility
weights available that can be used to adjust the survival estimates for
quality of life. A number of heart failure clinical trials and many obser-
vational studies used for comparative effectiveness research may
only have health status assessments from the KCCQ and thus lack a
direct or indirect measure of individual patients’ utilities.
Underscoring the need for approaches to estimate cost-effectiveness
when utilities have not been collected, the National Institute for
Health and Clinical Excellence emphasized the importance of such
methods in their 2013 guidelines supporting mapping the EQ-5D to
health-related quality of life measures when utilities are not
available.34

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

Table 2 Baseline characteristics of patients in the
CHAnge the Management of Patients with HF study

CHAMP-HF (n 5 3925)

Demographics

Age (years) 67 (59–75)

Female sex 1152 (29.4%)

Hispanic or Latino ethnicity 746 (19.0%)

Race or ethnicity

Black/African American 663 (16.9%)

White 2931 (74.7%)

Others 331 (8.4%)

Co-morbidities

Hypertension 3291 (83.8%)

Hyperlipidemia 3107 (79.2%)

Diabetes 1644 (41.9%)

Prior myocardial infarction 1354 (34.5%)

Renal failure or dysfunction 811 (20.7%)

Baseline ejection fraction (%) 30.0 (23.5–36.0)

Health status

NYHA class

I 417 (10.8%)

II 2278 (59.2%)

III 1096 (28.5%)

IV 59 (1.5%)

KCCQ physical limitation score 66.7 (41.7–87.5)

KCCQ symptom score 75.0 (54.2–91.7)

KCCQ quality of life score 62.5 (37.5–87.5)

KCCQ social limitation score 75.0 (50.0–91.7)

KCCQ overall summary score 67.7 (47.9–84.4)

EQ-5D utility index 0.82 (0.73–0.88)

Continuous variables presented as median (interquartile range) and categorical
variables presented as proportions.
NYHA, New York Heart Association.
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..To facilitate cost-effectiveness analyses when only the KCCQ is
available, we created a series of models to map KCCQ scores and in-
dividual item responses to the EQ-5D. We found that approximately

50% of the variability in EQ-5D scores could be predicted based on
KCCQ scores alone. Even more importantly, given that cost-effect-
iveness analyses focus on population-level estimates, rather than

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

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

Table 3 Kansas City Cardiomyopathy Questionnaire to EQ-5D mapping: final selected models

Mapping Model development Model validation

Data source N R2 (%) Mean prediction

error

Data source N R2 (%) Mean prediction

error

KCCQ-23 to EQ-5D-3L KCCQINT, 0 and 6w 1000 50 0.00 HF-ACTION, 12m 1604 42 -0.03

PARTNER-2A, SAVR, 12m 678 36 0.02

PARTNER-2A, TAVR, 12m 791 44 0.02

KCCQ-12 to EQ-5D-3L KCCQINT, 0 and 6w 1000 48 -0.01 HF-ACTION, 12m 1604 40 -0.03

PARTNER-2A, SAVR, 12m 678 34 0.01

PARTNER-2A, TAVR, 12m 791 42 0.01

CHAMP-HF, 12m 3522 46 -0.03

KCCQ-12 to EQ-5D-5L CHAMP-HF, 6m 3925 58 -0.00 CHAMP-HF, 12m 3522 56 0.01

Figure 2 External validation of models.

Predicting the EQ-5D utilities from the KCCQ 393



..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

.
patient-level prediction, the mean predicted errors were small and
would be applied to both groups in an economic analysis, thereby
limiting potential biases. The KCCQ OS score tended to be the best
predictor of EQ-5D-3L scores across a range of modelling strategies.
In contrast, models using individual KCCQ items were the best pre-
dictors of EQ-5D-5L scores. In both models, we would recommend
using the models that predict the distribution of responses to the in-
dividual EQ-5D items so that different country’s weightings could be
used to estimate the cost-effectiveness of treatment within that
country.

This methodological work adds to the growing body of literature
in which non-preference-based measures of quality of life or symp-
toms are mapped to utilities. To date, at least 391 mapping studies
have been performed, with 207 of these mapping to utilities derived
from the EQ-5D.10 Almost all studies performed direct mapping to
predict EQ-5D utilities, and approximately one-fifth conducted re-
sponse mapping to predict responses to each EQ-5D domain.10 The
most common analytic approach used in mapping studies is the or-
dinary least squares method of linear regression.10,35,36 While map-
ping algorithms have been developed for a wide range of disease
categories, only nine have been developed for the derivation of utility
scores in patients with in cardiovascular disease.10

Our work extends this body of literature by mapping responses
from a disease-specific PRO for heart failure to EQ-5D data for the
derivation of health state utilities. To the best of our knowledge, this
is the first study to develop a mapping algorithm for the conversion
of KCCQ scores to utility weights that also provided validation data,
supported the 23- and 12-item versions of the KCCQ and created
algorithms for both the 3L and 5L versions of the EQ-5D. The only
previous studies to estimate utility weights in the heart failure popula-
tion are an unpublished study using the Minnesota Living with Heart
Failure Questionnaire (MLWHF) and a second using the MLWHF
plus other patient characteristics and demographics.10,36,37 Our study
extends this prior work in several important ways. First, we devel-
oped self-contained algorithms to map the KCCQ alone to the EQ-
5D, which has the advantage of being more widely applicable as these
algorithms do not depend on the collection of additional data. The
validity of this approach was supported by finding no significant asso-
ciations with other patient characteristics and EQ-5D-3L utilities
after inclusion of the KCCQ OS score. Second, we developed algo-
rithms for the mapping of KCCQ scores to each of the five individual
EQ-5D domains. This allows valuations from different countries to
be obtained from the KCCQ, which is important for the value of
heart failure therapies to be evaluated by different county’s regula-
tory boards. Third, mapping the KCCQ itself is important as it is com-
monly collected in clinical trials and is more sensitive to changes in
patients’ disease status compared with the MLWHF.24 The sensitivity
of the KCCQ is also important as evidence suggests that the validity
of predicted utilities may be more dependent on the sensitivity of the
measure than on the technique used for derivation.35 Lastly,
we developed models to predict both the 3L and 5L versions of the
EQ-5D.

While our study offers unique advantages compared with others,
there are also some similarities with prior studies. First, we found the
R2 for our models to be within the acceptable range reported in the
literature.35,36 Importantly, while it might be hypothesized that gener-
ic health status measures would have stronger correlations with

utilities than disease-specific measures, we found R2 values that were
quite comparable to those reported for generic measures in other
studies, which may reflect that heart failure is often the most limiting
condition for patients. Second, similar to findings in a previous study
mapping the Seattle Angina Questionnaire to the EQ-5D, the 2-part
model did not perform better than simple linear regression even
though the EQ-5D has a ceiling effect.38 This may relate to the finding
that only 14% of EQ-5D assessments in this study demonstrated a
ceiling effect which was lower than that found in the prior SAQ map-
ping study. Lastly, similar to prior studies, the addition of covariates
to our models did not add to model performance.38,39

While there are advantages and disadvantages to each model we
developed in this analysis, we believe the proportional odds model
estimating individual responses of the EQ-5D is particularly useful. By
directly estimating the predicting EQ-5D health states from the
KCCQ, any specific country’s or culture’s value sets can be applied to
the predicted responses. As heart failure trials often enrol patients in
different countries, this approach of mapping the KCCQ to the EQ-
5D is particularly useful for the evaluation of cost-effectiveness from
different country perspectives. Statistical code for all models is avail-
able by contacting John Spertus at spertusj@umkc.edu.

Limitations
The findings from our study should be interpreted in light of the fol-
lowing potential limitations. First, data were obtained from partici-
pants in outpatient registries, who may differ from inpatients and
from the general heart failure population by their willingness to par-
ticipate. However, our algorithms are intended for use in similar
registries or clinical trials, and it is important that the population used
in the mapping process be similar to the population in which the algo-
rithm is to be applied.36 Second, while missing data were relatively in-
frequent and we used multiple imputation to mitigate biases, it is
possible that non-ignorable missingness persists (e.g. patients with
worse quality of life may have been less likely to complete assess-
ments). However, we believe that the likelihood of this affecting our
results is fairly low since to do so would imply that the relationship
between KCCQ and EQ-5D is different among those with vs. with-
out missing data. Third, we mapped a disease-specific PRO to a pref-
erence-based generic utility scale, which assumes that there is
overlap between what is being measured by the two tools. This as-
sumption has been questioned when mapping a narrow area of qual-
ity of life to the entire domain of health-related quality of life.35

However, a literature review found the explanatory power of this
type of mapping to be similar to the explanatory power of generic to
generic mappings, and the explanatory power of our models falls
within this same range.35 Finally, while we de-coupled predictions
from specific countries’ valuations, we have assumed that the item-
specific beta weights derived based on this US outpatient study apply
to other countries as well.

Conclusions

While direct collection of EQ-5D data from patients for the deriv-
ation of utility scores to be used in cost-effectiveness analysis is still
the preferred option, validated mapping algorithms from other non-
preference-based health-related quality of life measures are useful
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..when data from the EQ-5D are not available. In our work, we derived
mapping algorithms for the KCCQ to both EQ-5D-derived utilities
and to the individual EQ-5D responses. As the KCCQ is frequently
collected in the clinical trials evaluating new heart failure therapies,
the algorithms presented here could be used by researchers per-
forming economic evaluations based on data from these trials. As
such, the code for our algorithms will be made freely available.

Supplementary material

Supplementary material is available at European Heart Journal – Quality
of Care and Clinical Outcomes online.
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