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Aim Patients with heart failure (HF) often suffer from a range of comorbidities, which may affect their health status. The
aim of this study was to assess the impact of different comorbidities on health status in patients with HF and reduced
(HFrEF) and preserved ejection fraction (HFpEF).
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Methods
and results

Using individual patient data from HFrEF (ATMOSPHERE, PARADIGM-HF, DAPA-HF) and HFpEF (TOPCAT,
PARAGON-HF) trials, we examined the Kansas City Cardiomyopathy Questionnaire (KCCQ) domain scores and
overall summary score (KCCQ-OSS) across a range of cardiorespiratory (angina, atrial fibrillation [AF], stroke,
chronic obstructive pulmonary disease [COPD]) and other comorbidities (obesity, diabetes, chronic kidney disease
[CKD], anaemia). Of patients with HFrEF (n= 20 159), 36.2% had AF, 33.9% CKD, 33.9% diabetes, 31.4% obesity,
25.5% angina, 12.2% COPD, 8.4% stroke, and 4.4% anaemia; the corresponding proportions in HFpEF (n= 6563)
were: 54.0% AF, 48.7% CKD, 43.4% diabetes, 53.3% obesity, 28.6% angina, 14.7% COPD, 10.2% stroke, and 6.5%
anaemia. HFpEF patients had lower KCCQ domain scores and KCCQ-OSS (67.8 vs. 71.3) than HFrEF patients.
Physical limitations, social limitations and quality of life domains were reduced more than symptom frequency and
symptom burden domains. In both HFrEF and HFpEF, COPD, angina, anaemia, and obesity were associated with the
lowest scores. An increasing number of comorbidities was associated with decreasing scores (e.g. KCCQ-OSS 0 vs.
≥4 comorbidities: HFrEF 76.8 vs. 66.4; HFpEF 73.7 vs. 65.2).
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Conclusions Cardiac and non-cardiac comorbidities are common in both HFrEF and HFpEF patients and most are associated with
reductions in health status although the impact varied among comorbidities, by the number of comorbidities, and
by HF phenotype. Treating/correcting comorbidity is a therapeutic approach that may improve the health status of
patients with HF.
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Graphical Abstract
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Kansas City Cardiomyopathy Questionnaire (KCCQ) domain and overall summary scores (KCCQ-OSS) according to cumulative comorbidity burden
in patients with heart failure with reduced (HFrEF, A) and preserved ejection fraction (HFpEF, B). Comorbidities used to calculate the burden are the
following: angina, atrial fibrillation, stroke, chronic obstructive pulmonary disease; obesity; diabetes; chronic kidney disease; anaemia; hypertension;
myocardial infarction. Comorbidity burden is presented as number of comorbidities: 0, 1, 2, 3, ≥4. Mean KCCQ scores for each domain and the
KCCQ-OSS (each score out of 100) are shown. The centre of the plot represents a score of 50 and the outer limit represents a score of 90.
The greater the reduction in the coloured rings from the outer ring of the web, the greater the reduction in each domain score or KCCQ-OSS.
The coloured lines show the reduction in health status with increasing number of comorbidities.
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City Cardiomyopathy Questionnaire

Introduction
Both cardiac and non-cardiac comorbidities are increasingly preva-
lent in patients with heart failure (HF). Many comorbidities have
been consistently associated with higher rates of all-cause mortality
and HF admissions and readmissions in acute and chronic HF, both
in clinical trials and in registries.1–3 While it is also clear that
individual comorbidities are associated with worse health-related
quality of life (HRQoL) in patients with HF, the relative impact of
different comorbidities on HRQoL has not been studied systemat-
ically. Similarly, the cumulative impact of multiple comorbidities on ..
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HRQoL has not been investigated. Additionally, how comorbidities
affect HRQoL in patients with HF and reduced ejection fraction
(HFrEF) compared to those with HF and preserved ejection frac-
tion (HFpEF) has not been reported.4,5 As comorbidities them-
selves may be treatment targets in HF, a better understanding of
their impact on HRQoL may help in achieving the important ther-
apeutic goal of improving patient symptoms and well-being in HF.
Therefore, we conducted a comprehensive analysis of the asso-
ciation between a wide spectrum of comorbidities and HRQoL
in two large HFrEF and HFpEF populations created by pooling
patient-level data from five randomized controlled trials.6–10 In all

© 2023 The Authors. European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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patients, HRQoL was assessed using the validated 23-item Kansas
City Cardiomyopathy Questionnaire (KCCQ).

Methods
Trials and patients
In the present study, we pooled individual patient-level data from
three HFrEF trials (ATMOSPHERE, NCT00853658; PARADIGM-HF,
NCT01035255; and DAPA-HF, NCT03036124) and two HFpEF trials
(TOPCAT, NCT00094302; and PARAGON-HF, NCT01920711) that
collected KCCQ data. The designs and results of these trials are
published6–10 and are summarized in online supplementary Table S1.
Patients randomized in Russia and Georgia were excluded from the
analysis of TOPCAT due to concerns about trial conduct in those
countries.11 All the trials were approved by the ethics committee at
participating centres and written informed consent was provided by all
the patients.

Identification and definition of the
comorbidities
We initially examined 10 comorbidities: investigator-reported history
of angina, atrial fibrillation (AF), stroke, chronic obstructive pulmonary
disease (COPD), diabetes mellitus (DM), hypertension, and myocardial
infarction. We also investigated obesity (defined as a body mass index
≥30 kg/m2), chronic kidney disease (CKD) defined by an estimated
glomerular filtration rate <60 ml/min/1.73 m2, and moderate to severe
anaemia defined as a haemoglobin level <110 g/L. We have focused on
eight of these (four cardiorespiratory and four other comorbidities)
in the manuscript because two (history of hypertension and myocar-
dial infarction) were not associated with any meaningful difference in
KCCQ scores (however, these are included in the online supplemen-
tary material).

Kansas City Cardiomyopathy
Questionnaire scores
As recently reviewed by Spertus et al.,12 the 23-item KCCQ includes
23 items that map to seven domains: symptom frequency; symptom
burden; symptom stability (which measures recent changes in symp-
toms, comparing the frequency of symptoms at the time of completing
the KCCQ with their frequency 2 weeks earlier); physical limitations
(quantifying the limitations patients experience, the extent to which
HF symptoms restrict routine activities); social limitations (quantifying
the extent to which HF symptoms limit engagement in social activities);
quality of life; and self-efficacy (patient understanding of how to manage
their HF). The symptom frequency and symptom burden domains com-
bined create the total symptom score, and this can be combined with
the physical limitations domain to create the clinical summary score
(this is believed to most closely correspond to the New York Heart
Association [NYHA] classification). The symptom, physical limitations,
social limitations, and quality of life domains can also be combined
to create the overall summary score (OSS). The symptom stability
and self-efficacy scales are not included in any summary score. All
domains/scores are represented on a 0 to 100-point scale, and lower
scores indicate more severe symptoms and/or limitations. Using this
scale, health status can be quantified as follows: 0 to <25: very poor
to poor; 25 to <50: poor to fair; 50 to <75: fair to good; and 75 to ..
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.. 100: good to excellent. Further details of the specific questions and
regulatory evaluation are provided elsewhere.12,13 For this analysis, we
examined the specific domains contributing to the OSS (and calculated
the OSS) at baseline in patients with and without each comorbidity of
interest.

Statistical analysis
Data are shown as means (standard deviations), medians with
interquartile ranges (IQR), or frequencies with percentages as appro-
priate. Spider plots were used to compare the differences in KCCQ
domains and KCCQ-OSS between patients with and without each
comorbidity. These plots presented depict the mean KCCQ scores
for each domain, as well as the KCCQ-OSS, with each score ranging
from 0 to 100. In these web-like figures with a spider’s web structure,
the centre of the plot represents a score of 50, while the outer limit
represents a score of 90. The extent of reduction in the coloured
rings from the outer ring indicates the magnitude of reduction in each
domain score or the KCCQ-OSS. The differences between the two
rings demonstrate the disparity in health status between patients with
and without the specific comorbidity being studied. A larger difference
between these rings indicates a more substantial difference in health
status associated with the presence of each comorbidity. Ordinal
logistic regression model was applied to evaluate the relationship
between each KCCQ score and the comorbidities, with all the models
adjusted for age and sex.

In sensitivity analyses, propensity score matching was conducted
to evaluate the difference in KCCQ scores between the presence or
absence of the comorbidity of interest after adjusting age, sex and the
comorbidity other than the comorbidity of interest. We carried out
this 1:1 nearest neighbour-matching with exact matching constraints
according to the propensity score estimated by a logistic algorithm.
KCCQ-OSS between patients with and without each comorbidity
within each HF phenotype were compared before and after propen-
sity score matching using Student’s t-test. Differences in KCCQ-OSS
between patients with and without each comorbidity were also com-
pared using Student’s t-test in the HFrEF and HFpEF groups.

The statistical analyses were performed using Stata/SE version 17.0
(Stata Corp, College Station, TX, USA), and p< 0.05 was considered
statistically significant.

Results
A total of 20 159 patients with HFrEF and 6563 with HFpEF were
included in the present analysis. The proportion of patients who
completed the instruments according to each comorbidity and
HF phenotype are presented in online supplementary Tables S2
and S3.

Prevalence of different comorbidities
The majority of patients had a least one comorbidity, and a detailed
distribution of the comorbidities of interest and their combina-
tions are shown in online supplementary Figures S1 and S2. Of
patients with HFrEF, 36.2% had AF, 33.9% CKD, 33.9% diabetes,
31.4% obesity, 25.5% angina, 12.2% COPD, 8.4% stroke, 4.4%
anaemia, 68.4% hypertension, and 42.5% myocardial infarction
(Table 1). Each comorbidity (except myocardial infarction) was

© 2023 The Authors. European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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more prevalent in HFpEF; the corresponding proportions were:
54.0% AF, 48.7% CKD, 43.4% diabetes, 53.3% obesity, 28.6% angina,
14.7% COPD, 10.2% stroke, 6.5% anaemia, 94.1% hypertension,
and 22.0% myocardial infarction (Table 2). The comorbidity bur-
den in patients with HFpEF was much higher than that in those
with HFrEF, that is, 79.8% of patients with HFpEF had three or
more comorbidities, compared to 59.7% of patients with HFrEF
(Graphical Abstract).

Baseline characteristics of patients
according to comorbidities
The baseline characteristics of patients overall, and according to
the presence of the comorbidities of interest, are shown in Table 1

(HFrEF) and Table 2 (HFpEF).

Demographics, social habits, and physiological measures

Among participants with HFrEF, those with CKD were older and
patients with obesity were younger. A relatively higher proportion
of patients with CKD, obesity and anaemia were women, and
COPD was common in men. A relatively larger proportion of
patients with obesity, AF, angina, and COPD were White and the
opposite was true for anaemia. Patients with COPD had higher
rates of smoking. Blood pressure and heart rate did not differ
meaningfully across the range of comorbidities of interest. These
same patterns were observed in patients with HFpEF.

Heart failure history and characteristics

Among participants with HFrEF, those with the comorbidities of
interest had longer-standing HF, more often had prior hospitaliza-
tion (except for patients with anaemia) and were more likely to
be in NYHA functional class III or IV, than the population over-
all. Generally, patients with these selected comorbidities had more
symptoms (including fatigue) and signs of HF, and higher N-terminal
pro-B-type natriuretic peptide levels (except for obesity) but mean
left ventricular ejection fraction did not differ meaningfully across
the comorbidities. Again, these patterns were broadly similar in
patients with HFpEF.

Kansas City Cardiomyopathy
Questionnaire domain scores and overall
summary scores
The KCCQ domain scores and OSS for HFrEF and HFpEF are
shown in online supplementary Figure S3. Among patients with
HFrEF, all domain scores and the OSS were reduced from a
potential score of 100. The symptom frequency and symptom
burden domains were reduced less than the physical and social
limitations domains and quality of life, which was the domain with
the lowest score. As a result, the OSS in patients with HFrEF was
reduced to 71.3.

In HFpEF, the symptom frequency and symptom burden domains,
as well as the physical limitations domain, were reduced more than
in HFrEF. The social limitations domains and quality of life were ..
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.. reduced to the same extent in HFrEF. As a result, the OSS in
patients with HFpEF was reduced to 67.8.

The KCCQ domain scores and OSS in patients with and without
the selected comorbidities of interest are shown in Figures 1 and 2
and online supplementary Tables S4 and S5. The changes in the
scores related to each comorbidity are also shown in online sup-
plementary Tables S6 and S7. In addition, the relationship between
NYHA class and the components of the OSS in patients with HFrEF
and HFpEF are shown in online supplementary Figure S4.

Mean domain scores and Kansas City Cardiomyopathy
Questionnaire overall summary score according
to individual cardiorespiratory comorbidities

In patients with HFrEF, all four cardiorespiratory comorbidities
shown in Figure 1 were associated with lower domain scores
and OSS (contrasting with hypertension and prior myocardial
infarction, which were not, as shown in online supplementary
Figure S5). The pattern was similar in HFpEF except for one
comorbidity, AF, which was not associated with lower scores (the
picture was similar if AF on the baseline electrocardiogram was
used instead) (online supplementary Figure S6).

In both HFrEF and HFpEF, COPD and angina were associated
with the greatest reductions in scores (and history of stroke with
the smallest difference).

These patterns were essentially the same in the propen-
sity score-matched sensitivity analysis (online supplementary
Figures S7-S9).

Mean domain scores and Kansas City Cardiomyopathy
Questionnaire overall summary score according to other
individual comorbidities

In patients with HFrEF, the other four comorbidities shown in
Figure 2 were associated with lower domain scores and OSS.
Among these comorbidities, obesity was associated with the great-
est reduction in scores and the impact of obesity was greater in
HFpEF than in HFrEF. In contrast to obesity, diabetes was associ-
ated with a substantially smaller reduction in scores in both HF phe-
notypes. Anaemia was also associated with moderate reductions in
scores in HFrEF but the reduction scores related to anaemia were
much larger in HFpEF (Figure 2). CKD was associated with smaller
reductions in domain scores and OSS in both HF phenotypes.

These patterns were essentially the same in the propen-
sity score-matched sensitivity analysis (online supplementary
Figure S7-S9). A comparison of the decrement in KCCQ-OSS
according to each comorbidity of interest in the propen-
sity score-matched analysis is shown in online supplementary
Figure S10 and online supplementary Tables S8 and S9.

Mean domain scores and Kansas City Cardiomyopathy
Questionnaire overall summary score associated
with multiple comorbidities (multimorbidity)

As shown in Graphical Abstract, cumulative comorbidity was associ-
ated with stepwise reductions in domain scores and OSS in patients
with HFrEF. The relationship was less graded in patients with HFpEF

© 2023 The Authors. European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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.. where the decrement in scores with two comorbidities was not

very different than with one comorbidity (Graphical Abstract). How-
ever, there were clear additional reductions in domain scores and
OSS with 3 and≥4 comorbidities. In both HF phenotypes, the phys-
ical and social limitations domains, and quality of life were reduced
more with multiple comorbidities than the symptom frequency and
symptom burden domains.

The severity of reductions in Kansas City
Cardiomyopathy Questionnaire overall summary score
according to combined comorbidities

In both HFrEF and HFpEF, there was a stepwise increase in the
proportion of patients with moderate, severe, and very severe
reductions in the OSS with an increasing number of comorbidities
(Figure 3).

Discussion
To the best of our knowledge, this is the first large-scale com-
parison, using patient-level data, of different comorbidities and
their associations with KCCQ domains in both HFrEF and
HFpEF.1,4,5,14–18 Most, but not all, the comorbidities examined
were associated with reductions in domain scores and, as a result,
the KCCQ-OSS. Of interest, some comorbidities were associated
with lower scores than others (e.g. obesity compared with CKD)
and the reductions in scores were generally greater in patients
with HFpEF compared to those with HFrEF (e.g. obesity and
anaemia). There was a stepwise reduction in domain scores and
OSS with an increasing number of comorbidities.

We initially examined the 10 most commonly collected comor-
bidities in HF trials but focused on only eight of these because a
history of hypertension and a history of myocardial infarction were
not associated with a reduction in health status; the latter was
notable because angina was very clearly associated with reduced
scores.1,4,5,14–18 The other comorbidity associated with substantial
reductions in scores was obesity, especially in patients with HFpEF,
and this too was notably different from diabetes which had much
less impact on health status, despite the overlap between these
two conditions.15,19–24

Chronic obstructive pulmonary disease was also associated with
more prominent reductions in domain scores than other comor-
bidities.18,25–29 None of these conclusions was changed in any
meaningful way by our propensity score-matching sensitivity analy-
ses undertaken to account for overlap between the comorbidities
of interest. In addition to the more striking impact of obesity on
health status in HFpEF, compared to HFrEF, a similar difference
was seen for anaemia which was also associated with much lower
scores in patients with HFpEF, compared to HFrEF.30–32 Curiously,
the opposite was seen for AF, which appeared to be associated
with little if any impact on health status, even in a propensity
score-matching sensitivity analysis.

Another notable finding was that, generally, the largest reduc-
tions in domain scores were for quality of life, social limitations,
and physical limitations rather than symptom burden or symptom
frequency. This is clinically important because physician-based

© 2023 The Authors. European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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.. assessments focus on symptoms and functional limitations and

may, therefore, underestimate the impact of HF on patient
well-being.33,34

The majority of the patients had at least one comorbidity of
interest and patients with HFpEF had more comorbidities than
those with HFrEF, possibly due to their older age and the greater
comorbidity burden experienced by women who make up a higher
proportion of patients with HFpEF.35,36 It was, therefore, also
notable that patients with HFpEF, in general, had worse health
status than those with HFrEF. Unsurprisingly, a higher number of
comorbidities was associated with correspondingly poorer health
status.

Our findings have several clinical implications. As mentioned
above, they highlight the impact of comorbidities beyond symptoms
and functional limitations which are the focus of physician assess-
ment. They also demonstrate the potential of treating comorbidity
to improve health status in patients with HF. In particular, the effec-
tiveness of intravenous iron as a treatment for iron deficiency and
associated anaemia and the emergence of effective new weight
loss therapies may be especially relevant given the large impact
of these comorbidities on health status.21–23,37,38 The impact of
angina was perhaps unexpected and this is another comorbidity
where effective interventions are available. COPD was also asso-
ciated with substantial impairment of health status and here too
inhaled medications (beta-2 agonists, antimuscarinic agents and
corticosteroids), other pharmacologic therapies (theophyllines and
roflumilast), along with pulmonary rehabilitation and home oxygen
therapy, may be helpful.18,25–27,29 It is possible that cardiologists may
attribute breathlessness mainly to HF in their patients and may not
seek expert respiratory input in the management of these patients.
Conversely, the large benefits of sodium–glucose cotransporter 2
inhibitors on KCCQ scores may reflect their effect on a range of
measures related to key comorbidities including glucose reduction,
weight loss, attenuation of rate of decline in estimated glomerular
filtration rate over time and increase in haemoglobin/attenuation
of reduction in haemoglobin.

Limitations
Our analyses were performed in clinical trial datasets and patients
enrolled in trials do not fully represent all patients with HF because
of their inclusion and, especially, exclusion criteria for example,
patients with severe CKD were excluded.39 In PARAGON-HF,
patients with a body mass index >40 kg/m2 were excluded.9 In
addition, we used the original trial definitions of HFrEF and HFpEF,
the latter including patients with a left ventricular ejection fraction
≥45%, a minority of which would currently be described as
having HF with mildly reduced ejection fraction (41–49%). Patients
enrolled in the included trials were also well treated compared
to what is reported in community-based studies.9,40 We did not
have information on other common comorbidities which would
have been interesting to study, including anxiety, depression, sleep
apnoea, and thyroid dysfunction. Finally, for most comorbidities,
we had only binary information (i.e. present or absent) and did not
have more detail on the severity of the comorbidity, and we did

© 2023 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 Kansas City Cardiomyopathy Questionnaire (KCCQ) domain and overall summary scores (KCCQ-OSS) in patients with heart
failure with reduced and preserved ejection fraction according to individual cardiorespiratory comorbidities: (A) angina, (B) atrial fibrillation
(AF), (C) stroke, and (D) chronic obstructive pulmonary disease (COPD). This figure shows unadjusted analyses, and the corresponding
mean± standard deviation value for each domain is shown in online supplementary Table S4. The figures show the mean KCCQ scores for
each domain and the KCCQ-OSS (each score out of 100). The centre of the plot represents a score of 50 and the outer limit represents a
score of 90. The solid line shows the score in patients without the comorbidity of interest and the dashed line the patients with the comorbidity.
Patients with heart failure and reduced ejection fraction are shown in red and those with preserved ejection fraction in blue. The greater the
reduction in the coloured rings from the outer ring of the web, the greater the reduction in each domain score or KCCQ-OSS. The greater
the difference between the two rings (solid line vs. dashed line), the greater the associated difference in health status between patients with
and without each comorbidity.

© 2023 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 2 Kansas City Cardiomyopathy Questionnaire (KCCQ) domain and overall summary scores (KCCQ-OSS) in patients with heart
failure with reduced and preserved ejection fraction according to other comorbidities: (A) obesity, (B) diabetes mellitus (DM), (C) chronic
kidney disease (CKD), and (D) anaemia. This figure shows unadjusted analyses, and the corresponding mean± standard deviation value for
each domain is shown in online supplementary Table S5. The figures show the mean KCCQ scores for each domain and the KCCQ-OSS (each
score out of 100). The centre of the plot represents a score of 50 and the outer limit represents a score of 90. The solid line shows the
score in patients without the comorbidity of interest and the dashed line shows patients with the comorbidity. Patients with heart failure and
reduced ejection fraction are shown in red and those with preserved ejection fraction in blue. The greater the reduction in the coloured rings
from the outer ring of the web, the greater the reduction in each domain score or KCCQ-OSS. The greater the difference between the two
rings (solid line vs. dashed line), the greater the associated difference in health status between patients with and without each comorbidity.

© 2023 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 3 Kansas City Cardiomyopathy Questionnaire overall
summary score (KCCQ-OSS) categories according to the num-
ber of comorbidities for patients with heart failure and reduced
ejection fraction (HFrEF) (A) and with heart failure and preserved
ejection fraction (HFpEF) (B). The figures show the percentage of
patients with different health status quantified as follows: 0 to
<25: very poor to poor; 25 to <50: poor to fair; 50 to <75:
fair to good; and 75 to 100: good to excellent. Comorbidities
used to calculate the burden are the following: angina, atrial fib-
rillation, stroke, chronic obstructive pulmonary disease; obesity;
diabetes; chronic kidney disease; anaemia; hypertension; myocar-
dial infarction. Comorbidity burden is presented as number of
comorbidities: 0–3, ≥4. The baseline characteristics of patients
according to comorbidity burden are shown in online supplemen-
tary Table S10 (HFrEF) and S11 (HFpEF).

not have other measures of the severity of HF itself, for example,
invasive haemodynamic measurements.

Conclusions
Both cardiac and non-cardiac comorbidities were common in
patients with HFrEF and HFpEF and most were associated with ..
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.. reductions in health status, although the impact varied among
comorbidities, by the number of comorbidities, and by HF pheno-
type. Reducing comorbidity burden and treating/correcting comor-
bidity are therapeutic approaches that could improve health status
in patients with HF.

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