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Abstract

Aims It is increasingly recognized that the presence of comorbidities substantially contributes to the disease burden in pa-
tients with heart failure (HF). Several reports have suggested that clustering of comorbidities can lead to improved character-
ization of the disease phenotypes, which may influence management of the individual patient. Therefore, we aimed to cluster
patients with HF based on medical comorbidities and their treatment and, subsequently, compare the clinical characteristics
between these clusters.
Methods and results A total of 603 patients with HF entering an outpatient HF rehabilitation programme were included
[median age 65 years (interquartile range 56–71), 57% ischaemic origin of cardiomyopathy, and left ventricular ejection frac-
tion 35% (26–45)]. Exercise performance, daily life activities, disease-specific health status, coping styles, and personality traits
were assessed. In addition, the presence of 12 clinically relevant comorbidities was recorded, based on targeted diagnostics
combined with applicable pharmacotherapies. Self-organizing maps (SOMs; www.viscovery.net) were used to visualize clus-
ters, generated by using a hybrid algorithm that applies the classical hierarchical cluster method of Ward on top of the
SOM topology. Five clusters were identified: (1) a least comorbidities cluster; (2) a cachectic/implosive cluster; (3) a metabolic
diabetes cluster; (4) a metabolic renal cluster; and (5) a psychologic cluster. Exercise performance, daily life activities,
disease-specific health status, coping styles, personality traits, and number of comorbidities were significantly different be-
tween these clusters.
Conclusions Distinct combinations of comorbidities could be identified in patients with HF. Therapy may be tailored based
on these clusters as next step towards precision medicine. The effect of such an approach needs to be prospectively tested.
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Introduction

Heart failure (HF) is a major and increasing global health con-
cern, causing considerable morbidity and mortality around
the world. HF is defined by the presence of cardiac dysfunc-
tion together with signs and symptoms of HF.1 Features such
as left ventricular ejection fraction (LVEF), New York Heart

Association (NYHA) class, and N-terminal pro-brain natriuretic
peptide (NT-proBNP) are used to grade the degree of HF.1–3

Nevertheless, the LVEF poorly correlates with physical perfor-
mance and outcome in patients with HF,4 estimation of NYHA
class may be difficult,5 and NT-proBNP is influenced by fac-
tors other than HF.6 Moreover, it is increasingly recognized
that the presence of common medical comorbidities, such
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as chronic obstructive pulmonary disease (COPD), renal dys-
function, gout, anaemia/iron deficiency, and diabetes, sub-
stantially contribute to the burden of HF. Indeed,
comorbidities can affect symptom burden, functional perfor-
mance, and health status in patients with HF and increase the
risk of hospitalization and mortality.7

Besides the disturbed functional performance and com-
mon comorbidities, increased symptoms of anxiety and de-
pression are highly prevalent in patients with HF.
Personality traits seem to have bigger impact on quality of
life and symptoms of anxiety and depression8,9 than the de-
gree of LVEF impairment.10 Also, coping style is an important
feature in HF patients. Older patients with HF generally have
an avoidant coping style,11 whereas in younger patients, ac-
tive behavioural coping or active cognitive coping is chosen
more frequently.12 So patients with HF have multiple physical
and psychosocial traits, which go beyond the impaired car-
diac function. Several reports have suggested that clustering
of patient characteristics may be a first step towards pheno-
typing and, in turn, an improved understanding of the com-
plexity of patients also with HF.13–16 In a recent study by
Ahmad et al., cluster analysis identified four distinct pheno-
types that differed significantly in outcomes and in response
to therapeutics. Outcomes were accurately predicted in a
large data set of HF patients.17 Therefore, the present study
investigated the frequency of 12 comorbidities and how
these comorbidities co-occurred in a well-characterized co-
hort of patients with HF. In addition, potential differences
in physical and psychosocial traits were explored.

Methods

The current analyses used data from 603 patients entering
the specialized HF rehabilitation programme at CIRO, Horn,
The Netherlands, between June 2005 and September
2015.18 Patients were referred by the HF outpatient clinics
of Maastricht University Medical Center (MUMC+, Maastricht,
The Netherlands) and Laurentius Hospital (Roermond, The
Netherlands). Patients had to have stable HF, receive maximal
medical treatment [i.e. optimal medication,1 revasculariza-
tion, resynchronization, and/or internal cardioverter defibril-
lator (ICD) therapy if indicated], and be motivated to adhere
to the HF integrated management programme. Each patient
underwent a comprehensive routine 3 day assessment before
starting the patient-tailored, multidisciplinary intervention
programme. The medical ethical committee informed the
authors that the Medical Research Involving Human Subjects
Act (WMO) does not apply to this retrospective study using
de-identified, pre-existing data and approved the use of
these data for the purpose of this study (METC 2018-0586).
The Board of Directors of CIRO did approve the use of de-iden-
tified patients’ records.

Assessments

Demographics, medications, aetiology of HF, LVEF, dyspnoea
[NYHA class and Medical Research Council (MRC) dyspnoea
grade19], smoking status, and hospital admissions in the last
12 months were documented. In addition, the following
tests were performed: lung function (post-bronchodilator
spirometry, static lung volumes, and carbon monoxide trans-
fer factor); body composition [body mass index (BMI),
fat-free mass index (FFMI), and bone mineral density at
the hip, lumbar spine, and whole body using dual-energy ab-
sorptiometry scan]20; resting ECG; a peripheral blood pres-
sure; exercise capacity [cardiopulmonary exercise test
(CPET), constant work rate cycling test (CWRT), and 6 min
walk test (6MWT)]21,22; problematic activities of daily life
[Canadian Occupational Performance Measure (COPM)]23;
coping styles [Utrecht Coping List (UCL)]24; personality traits
(Dutch Personality Questionnaire); and symptoms of anxiety
and depression [Hospital Anxiety and Depression Scale
(HADS)25 and Beck Depression Inventory (BDI)26] and
HF-specific quality of life [Minnesota Living With Heart Fail-
ure Questionnaire (MLHFQ)27]. Venous blood was obtained
in fasting state for assessment of haematology and chemis-
try including NT-proBNP, potassium, sodium, urea, creati-
nine, estimated glomerular filtration rate (eGFR), glucose,
thyroid stimulating hormone (TSH), C-reactive protein
(CRP), cholesterol, LDL-cholesterol, HDL-cholesterol, triglyc-
erides, and haemoglobin.

Comorbidities

Comorbid conditions were identified in all patients based on
predefined cut-offs: renal dysfunction (eGFR < 60 mL/min);
anaemia (haemoglobin level < 8.1 mmol/L in men;
<7.5 mmol/L in women); obesity (BMI ≥ 30 kg/m2); under-
weight (BMI < 21 kg/m2); muscle wasting (FFMI < 16 kg/
m2 for men; <15 kg/m2 for women); osteoporosis
(T-score ≤ 2.5); symptoms of anxiety and depression (HADS-
A or HADS-D score ≥ 10 points, respectively); and obstructive
lung function (forced expiratory volume in 1 s/vital capacity;
FEV1/VC < 70%). Additional risk factors found during
pre-rehabilitation assessment were as follows: diabetes
mellitus (use of antidiabetic medication and/or fasting glu-
cose level ≥ 7.0 mmol/L); hyperglycaemia (fasting glucose
level ≥ 5.6 but <7.0 mmol/L and no antidiabetic medication);
and gout (use of medication: xanthine oxidase inhibitor and/
or colchicine).

For all comorbidities—except gout—severity degrees were
calculated. The following formula is based on the underlying
parameter x with cut-off xcutoff and standard deviation σ xð Þ
and was used for obesity, anxiety, depression, and
hyperglycaemia:
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degree xð Þ ¼ x � xcutoff
σ xð Þ

For renal dysfunction, anaemia, underweight, muscle
wasting, and COPD, the sign had to be alternated, because
lower values indicate a worse state:

degree xð Þ ¼ �1ð Þ · x � xcutoff
σ xð Þ

By this definition, the severity degrees are comparable across
different comorbidities: a value of 0 means that the value is
at the cut-off, a value above 0 indicates that the comorbidity
is present, a value of 1 means the degree of severity is one
standard deviation above the cut-off, and so on.

Data analysis and statistics

Viscovery SOMine 7.2 by Viscovery Software GmbH (www.
viscovery.net; Vienna, Austria) was used to create a
self-organizing map (SOM) to represent the patients in an or-
dered manner on a two-dimensional map and to cluster them
into several groups with distinct comorbidity patterns.

Self-organizing maps represent multidimensional data on a
grid of topologically linked micro-clusters (also called nodes).
Each node consists of very similar patients—in terms of the
patients overall similarity across all variables of interest—
and neighbouring nodes correspond to rather similar patients
as well. This approach allows for a consistent visualization of
all patients across multiple variables and easy clustering of
them. For further information on SOMs, we refer to the
supporting information and the primary source book on
SOMs by Kohonen.28

Viscovery SOMine offers the possibility to weight the vari-
ables that are used for the ordering in the SOM algorithm. In
our model, patients have been ordered by the presence/ab-
sence of the following comorbidities and the corresponding
degrees of their severity: renal dysfunction, diabetes mellitus,
hyperglycaemia, anaemia, obesity, underweight, muscle
wasting, osteoporosis, COPD, anxiety, depression, and gout.
A higher weight was given to the severity degrees and a
lower weight to the comorbidity flags. See Table 3 for the ex-
act values.

Based on the created SOM model, clusters were generated
using the SOM-Ward Cluster algorithm, which applies the
classical hierarchical cluster method of Ward on top of the
SOM topology (Viscovery SOMine 7.2 user’s manual, A.6
Ward and SOM-Ward Clustering, Viscovery, 2018). Cluster ag-
gregates are presented with median and interquartile range
for continuous variables and as percentages for categorical
variables.

R 3.5.1 (www.R-project.org) was used to test all attributes
for significant deviations on the clusters. First, all variables
were analysed to decide which statistical tests are appropri-
ate for each of them. Then, all variables were tested for

significant differences across all the clusters. After a
Benjamini–Hochberg multiple testing correction, variables
with adjusted P-values < 0.05 were considered to have statis-
tically significant differences across the clustering.
Those variables were then further tested for differences of
individual clusters against the rest of the data. Again, vari-
ables with adjusted P-values < 0.05 were considered statisti-
cally significant for the individual cluster. Further details
about the testing procedure can be found in the supporting
information.

Results

Whole sample

In total, 603 patients with HF (71% male) were included. Me-
dian age was 65 (56–71) years, 57% had ischaemic origin of
HF, with a median LVEF 35% (26–45) (Table 1). Patients were
pharmacologically treated according to the European Society
of Cardiology guidelines29: angiotensin-converting enzyme in-
hibitor/angiotensin receptor blockers (ACE-I/ARB) were used
in 91%, beta-blockers in 87%, and mineralocorticoid-
receptor antagonists (MRA) in 41%.

Frequency of objectively identified comorbidities

The frequencies of the objectified comorbidities ranged from
3.7% up to 60.2% (Figure 1). Renal dysfunction was the most
common comorbidity, followed by COPD, obesity,
hyperglycaemia, anaemia, and diabetes mellitus.

Number of comorbidities

Almost all subjects (97.6%) had one or more comorbidities,
and 64.7% of the patients had three or more comorbidities
(Figure 2). The co-occurrences of individual comorbidities in
patients with each of the 12 specific comorbidities are shown
in Figure 3. For example, in obese patients, gout was highly
prevalent (20%), but not in patients with muscle wasting
(2%) or underweight (5%). The distribution of various contin-
uous markers of comorbidities in the clusters is shown in
Figure 4.

Clustering based on comorbidities

Five clusters were identified (Figure 5). Tables 1–3 provide a
detailed description of demographics and comorbidities per
cluster. Patients in Cluster 1 (the least comorbidities cluster,
n = 183) had significantly fewer comorbidities compared with
patients in other clusters. Cluster 2 (the cachectic/implosive
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Table 1 Demographics and cardiac-related attributes

Attribute
Whole sample C1 C2 C3 C4 C5

N = 603 N = 183 N = 103 N = 107 N = 103 N = 107

Male, % patients 71 76 52 81 76 68

Age, years 65 (56–72) 64 (54–70) 65 (55–73) 68 (60–74) 69 (60–76) 59 (49–67)

Ischaemic underlying cause, % patients 57 48 49 78 67 49
LVEF, % 35 (26–45) 35 (26–45) 38 (26–47) 30 (25–39) 33 (26–44) 40 (31–50)

Resting heart rate, b.p.m. 73 (64–82) 73 (64–82) 75 (67–83) 74 (66–88) 70 (61–82) 74 (64–82)
QRS, ms 104 (90–138) 100 (90–130) 98 (84–131) 114 (92–147) 110 (91–158) 106 (91–138)
LBBB, % patients 18 19 25 14 19 13
RBBB, % patients 11 7 6 17 14 12
IVCD, % patients 38 36 33 45 44 35
Cardiac support device, % patients

ICD 20 24 11 26 19 19
Biventricular ICD 21 22 15 23 26 17
Pacemaker 4 2 3 7 4 5

Resting blood pressure, mmHg

Systolic 120 (110–135) 120 (110–140) 125 (110–140) 125 (113–140) 117 (105–126) 125 (110–135)

Diastolic 75 (68–80) 80 (70–84) 73 (60–80) 75 (70–80) 70 (60–78) 75 (69–80)

Toilet visits at night, n 1 (0–2) 1 (0–1.5) 1 (0–2) 1 (0.5–2) 1 (1–2) 1 (0–2)
Pillows to sleep on, n 1 (1–2) 1 (1–2) 1 (1–1.8) 1 (1–2) 1 (1–2) 1 (1–2)
MRC dyspnoea scale, grade 2 (2–3) 2 (1–3) 2 (2–3) 2 (1.8–3) 2.5 (2–3) 2 (2–3)
NYHA class 2 (2–3) 2 (2–2) 2 (2–3) 2 (2–3) 2 (2–3) 2 (2–3)

NYHA class, % patients

I 6 11 3 6 5 1
II 64 68 66 58 55 68

III 30 21 28 36 40 31

IV 1 0 3 0 0 0
Smoking pack years, n 20 (4–35) 20 (5–39) 20 (3–35) 25 (10–40) 20 (6–30) 10 (0–25)

Hospital admissions last 12 months, n 1 (0–1) 0 (0–1) 1 (0–1) 1 (0–1.3) 1 (0–2) 1 (0–2)

NT-proBNP, pmol/L 84 (30–216) 62 (19–168) 82 (32–244) 96 (37–209) 214 (72–307) 61 (21–157)
Potassium, mmol/L 4.2 (4–4.6) 4.2 (3.9–4.6) 4.3 (4–4.7) 4.3 (4–4.6) 4.2 (4–4.7) 4.2 (3.9–4.6)
Sodium, mmol/L 141 (140–143) 141 (140–143) 141 (140–143) 141 (140–143) 142 (140–143) 141 (140–142)
Urea, mmol/L 7.8 (5.9–10.5) 7.3 (5.7–8.9) 6.4 (4.9–8.3) 9.3 (6.7–13.2) 11.1 (8.1–15.2) 6.9 (5.7–8.9)

Creatinine, μmol/L 110 (91–138) 101 (89–118) 96 (77–113) 130 (104–167) 146 (129–173) 103 (90–125)
TSH, mIU/L 2.3 (1.5–3.9) 2.3 (1.3–3.1) 2.3 (1.5–4.3) 2.2 (1.8–4) 2.7 (1.4–4.4) 2.8 (1.5–3.9)
CRP, mg/L 2.4 (0.9–6.8) 2 (0.8–5) 2 (0.7–7.1) 2.8 (0.8–6.6) 4 (1.5–11) 2.6 (1.1–6.2)

Haemoglobin, mmol/L 8.3 (7.7–9) 8.6 (8.2–9.2) 8.4 (7.6–9) 8.2 (7.6–9.1) 7.4 (6.9–7.9) 8.5 (7.9–9.1)
Glucose, mmol/L 5.9 (5.3–6.8) 5.7 (5.3–6.2) 5.6 (5.2–6.2) 8 (7.3–8.9) 5.4 (5.1–6) 6.1 (5.5–7.6)

Medication, % patients 61 54 50 82 64 57
Statins
Beta-blocker 87 89 80 94 84 87

Diuretics 74 68 67 87 85 66

MRA 41 35 43 44 47 38
ACE inhibitor 59 61 63 53 54 64
ARB 32 34 27 39 31 27

Diabetes 19 7 5 57 13 21

Gout 15 5 0 23 39 13

ACE, angiotensin-converting enzyme; ARB, angiotensin receptor blocker; CRP, C-reactive protein; GFR, glomerular filtration rate; ICD, in-
ternal cardioverter defibrillator; IVCD, interventricular conduction delay; LBTB, left bundle branch block; LVEF, left ventricular ejection frac-
tion; mMRC, modified Medical Research Council; MRA, mineralocorticoid-receptor antagonist; NT-proBNP, N-terminal pro-brain
natriuretic peptide; NYHA, New York Heart Association; RBBB, right bundle branch block; TSH, thyroid stimulating hormone.
Data are shown as median (interquartile range) or % patients.
Green cell: value is significantly lower (adjusted P < 0.05) compared with whole sample; red cell: value is significantly higher (adjusted
P < 0.05) compared with whole sample, where each variable was tested with the appropriate tests and a multiple testing correction
was applied; see Statistics section. Missing data: ischaemic underlying cause, n = 213; left ventricular ejection fraction (LVEF), n = 132;
resting heart rate, n = 15; QRS, n = 158; left bundle branch block (LBBB), n = 245; right bundle branch block (RBBB), n = 260; cardiac
support device, n = 23; resting blood pressure, n = 99; toilet visits at night, n = 59; pillows to sleep, n = 43; Medical Research Council
(MRC), n = 131; New York Heart Association (NYHA), n = 33; pack years, n = 195; hospital admissions, n = 272; NT-proBNP, n = 374;
potassium, n = 9; sodium, n = 9; urea, n = 12; creatinine, n = 16; TSH, n = 413; CRP, n = 22; and medication, n = 28.
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cluster, n = 103) had significantly more patients with under-
weight, low FFMI, osteoporosis, and obstructive lung function
and significantly fewer with gout, anxiety, obesity, and diabe-
tes mellitus. Cluster 3 (the metabolic diabetes cluster, n = 107)
had significantly more patients with gout, obstructive lung
function, diabetes mellitus, and renal dysfunction and signif-
icantly fewer with anxiety, depression, low FFMI, and
hyperglycaemia. Cluster 4 (the metabolic renal cluster,

n = 103) had significantly more patients with gout, osteoporo-
sis, anaemia, and renal dysfunction and significantly fewer
with anxiety, depression, low FFMI, and diabetes mellitus.
Cluster 5 (the psychological cluster, n = 107) had significantly
more patients with anxiety, depression, obesity, and diabetes
mellitus, worse quality of life, and significantly fewer patients
with low FFMI, osteoporosis, obstructive lung function, anae-
mia, and renal dysfunction.

Figure 1 Frequencies of objectively identified comorbidities. The total number of subjects with a present comorbidity always refers to the number of
subjects with known information concerning the respective comorbidity; this is shown in Figure 3. FFMI, fat-free mass index.

Figure 2 Number of comorbidities per patient*. *of 420 patients with all comorbidity information available.
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Figure 3 The frequencies of objectively identified comorbidities in patients with chronic heart failure with each of the 12 selected specific comorbid-
ities. In subjects in whom the comorbidity mentioned in the row is present, the prevalence of the other comorbidities mentioned in the column is
shown. Note that the information about the presence or absence of a comorbidity was not known for all patients. Therefore, the total number of sub-
jects with a present comorbidity always refers to the number of subjects with known information concerning the respective comorbidity. For interpre-
tation, the table is coloured: blue, less than 20% prevalence; green, 20–40% prevalence; yellow, 40–60% prevalence; and red, more than 60%
prevalence. FFMI, fat-free mass index.

Figure 4 Distribution of various continuous markers of comorbidities in clusters. These values were used to define the severity degrees as noted in the
Methods section.
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Differences in patient characteristics between
clusters (Tables 1 and 2)

Cluster 1 (least comorbidities cluster) was characterized by
significantly less ischaemic origin of HF, less activity-related
dyspnoea, less hospital admissions < 12 months, a higher
resting diastolic blood pressure, higher haemoglobin, eGFR,
lower glucose, a better physical functioning, a better

disease-specific quality of life, an active coping style, low pal-
liative reaction, avoidance and passive reaction pattern, a
dominant personality with high self-esteem, and low inade-
quacy, rigidity, and resentment.

Cluster 2 (the cachectic/implosive cluster) was character-
ized by a significantly lower proportion of men, less ICDs,
lower glucose, higher eGFR, a lower peak cycling load, and
low dominance in personality.

Figure 5 Clusters based on extra-cardiac features in 603 patients with HF. Viscovery SOMine 7.2 placed all subjects on a specific position on the map
based on their profile of comorbidities. The more subjects resemble in terms of their comorbidities, the closer they are on the map. When looking at
individual comorbidities or characteristics, subjects are coloured red if the comorbidity is present and blue when it is absent. Males are coloured red in
the corresponding map picture, females blue. In this way, the maps can be interpreted. Viscovery SOMine 7.2 identified five different clusters of pa-
tients with HF with a significant different profile of comorbidities (95% confidence interval). The cluster borders are drawn as thick lines on the map
pictures. Definition of clusters: C1 = least comorbidities, C2 = cachectic/implosive, C3 = metabolic diabetes, C4 = metabolic renal, C5 = psychologic.
FFMI, fat-free mass index.
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Cluster 3 (the metabolic diabetes cluster) was character-
ized by a significantly higher proportion of men, an
older age, more ischaemic origin of HF, a lower LVEF, more
pack years, higher glucose and lower eGFR, more use of
statins, diuretics, anti-diabetics, and anti-gout medication,
a lower walking distance, a low passive reaction coping
style, and a high self-sufficient personality with high self-
esteem.

Patients in Cluster 4 (the metabolic renal cluster) had a sig-
nificantly older age, a lower resting systolic and diastolic
blood pressure, more hospital admissions < 12 months, a
higher NT-proBNP, higher CRP, lower eGFR, glucose, and
haemoglobin, more use of diuretics and anti-gout medica-
tion, and a lower physical functioning.

Patients in Cluster 5 (the psychological cluster) were char-
acterized by significantly younger age, a higher LVEF, fewer
pack years, higher eGFR, glucose, and haemoglobin, a higher
peak cycling load, lower score for satisfaction with the perfor-
mance in ADL, a worse disease-specific quality of life, a pas-
sive and avoidance coping style, low active confronting, and
a high social inadequacy and resentment personality with
lower self-esteem.

Median LVEF was 35%. This was significantly higher in the
psychologic cluster and lower in the metabolic diabetes clus-
ter; ischaemic origin of HF was higher in the metabolic cluster
and lower in the least comorbidities cluster.

Discussion

In this study, five distinct clusters were identified, each with
their own specific combination of comorbidities,
extra-cardiac physical traits, emotional traits, coping style,
personality traits, and health status. These clusters advance
our understanding of the clinical diversity of comorbidities
and extra-cardiac traits in patients with HF. Moreover, these
findings emphasize the need for a comprehensive assessment
of these traits to enable a personalized and integrated care
programme for each individual patient with HF, which goes
beyond the cardiac abnormalities.

The current analyses and visualizations illustrate the clinical
diversity in patients with HF. Common medical comorbidities
vary in frequency and co-occur in different patterns. Indeed,
a least comorbidities cluster, a cachectic/implosive cluster, a
metabolic diabetes cluster, ametabolic renal cluster, and a psy-
chological cluster were identified. These results corroborate,
at least partially, the results of Gimeno-Miguel and
colleagues,30 who reported multi-morbidity in 98% of their
sample and presented six comorbidity-based clusters in pa-
tients with an HF diagnosis in primary or hospital electronic
health records (e.g. a cardiovascular cluster, a respiratory clus-
ter, a metabolic cluster, a coronary-ischaemic cluster, a degen-
erative cluster, and a neurovascular cluster).30 They compared

men andwomen andmeasured the impact of such patterns on
the risk of hospitalization and mortality. The sample of
Gimeno-Miguel and colleagues was markedly older (median
age 78 years) and had more different comorbidities. However,
they did not look at functional status of the patients and also
did not combine comorbidities. This may explain the differ-
ences in comorbidity-based clusters between their and our
study. Degenerative diseases like dementia and delirium were
not actively assessed in the current study (median age
63 years, referred for a comprehensive HF rehabilitation pro-
gramme). Moreover, Triest and colleagues screened for co-
morbidities in electronic health records, which most
probably underestimated the true prevalence of
comorbidities.31 Tromp et al.16 clustered patients with HF
based on comorbidities. The population is different from ours
(Asian HF patients, prospectively collected). However, themet-
abolic cluster and the young cluster with fewer comorbidities
are also present. They did not describe a psychologic cluster,
which is seen in our population. In the current study, except
for gout (which was based on medication use), comorbidities
were objectively assessed, as has been done before in patients
with COPD.14,32 The cachectic/implosive cluster [characterized
by a combined loss of muscle tissue (low FFMI), bone tissue
(more osteoporosis), and lung tissue (more obstructive lung
disease and low mean diffusion capacity)] and the psycholog-
ical cluster (more anxiety and depression) were also present in
patients with COPD.14,32 Interestingly, obstructive lung func-
tion, in this analysis, does not cluster with anxiety and depres-
sion, but is rather less prevalent. The shown physical frailty is
of clinical importance as this is known to increase mortality
and morbidity.33 Moreover, frailty is a strong predictor of ad-
verse post-implantation outcome in patients undergoing car-
diac re-synchronization therapy34 and cardiac surgery.33

Remarkably, the patients in the metabolic diabetes cluster re-
ported significantly more pack years smoking. Ahmad and
colleagues13 clustered patients included in the HF-ACTION
trial, on the basis of 45 clinical variables, including age, sex,
race, symptoms, comorbidities, HF aetiology, socio-economic
status, quality of life, cardiopulmonary exercise test parame-
ters, and biomarker levels. These clusters responded differ-
ently to therapy and had a different prognosis. Compared
with our analysis, the least comorbidities cluster is also identi-
fied. Cluster 4 resembles our least comorbidities cluster. In
Clusters 1 and 3, a lot of comorbidities were shown, like in
our metabolic clusters, however not at the basis of objectively
identified values. Especially body composition and psycholog-
ical factors leading to the cachectic/implosive and psychologic
clusters are not subjects of their analysis.

In the current analysis, each comorbidity-based cluster had
a distinct pattern of extra-cardiac physical traits, emotional
traits, coping style, personality traits, and health status. For
example, the least comorbidity cluster had a significantly bet-
ter physical functioning and disease-specific quality of life
compared with the other clusters, which was different from
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the psychological cluster. Moreover, coping styles, personality
traits, and psychological traits were completely opposite be-
tween these two clusters, while the cardiac characteristics
were very similar.

The current study found clear differences in coping styles
between the five clusters. For example, the psychological
cluster seems to have completely opposite coping styles
and personality traits than Cluster 1 (the least comorbidity
cluster). So the HF patients from these two clusters have
clearly different styles to master, minimize, or tolerate stress
and daily life challenges, which may be of clinical importance
on how to achieve best clinical outcome in these patients. Li
and Shun describe that patients use different coping strate-
gies, which have impact on physical and psychological self-
care. Experiencing social support from spouses as well as
socio-demographic characteristics, such as personality, are
playing a role in coping and self-care.35

The psychological cluster has significantly higher inade-
quacy, social inadequacy and resentment, and lower self-es-
teem. Moreover, they show higher scores on coping style
palliative reaction, avoidance, and passive reaction pattern.
They are more depressed and anxious. Remarkable, their
health status is worse, but their exercise tolerance and ADL
performance is not. This may deserve extra attention by
healthcare professionals, including psychological care. Ac-
cording to Widdershoven et al.,36 there is a clear relationship
between depression and poor health status in patients with
HF and between Type D personality and poor mental status.
Both psychological risk factors seem to be associated with
poor self-care and inadequate health behaviours, potentially
mediated via inadequate coping, poor social support, and
lower self-efficacy.37 Moreover, coping style is known to be
linked to the emotional responses of patients with HF. Avoid-
ance coping may not serve HF patients well in terms of facil-
itating their response to the difficult physical and
psychological challenges, posed by their disease.12 Indeed,
patients often need to adhere to complex medication re-
gimes. Moreover, they often have to change their behaviour
towards a healthy lifestyle, including smoking cessation,
adjusting eating habits, and increasing their physical
activities.1 It is reasonable to assume that an active
confronting coping style is more beneficial than an avoidance,
passive reaction, or palliative reaction coping style. The
avoidance coping style was associated with significantly
higher anxiety, anger, depression, confusion, and fatigue in
patients with advanced HF.38 To introduce changes may
therefore require a different approach in the psychologic
cluster.35

Healthcare professionals involved in HF care need to be
aware that patients may suffer from specific clusters of co-
morbidities that are not reflected by the regular cardiac func-
tion test. Additional assessment of the different aspects
needs to be considered, in best practice, integrated in regular
care or at the start of rehabilitation programmes. Comorbid-

ity patterns can occur, irrespective of the underlying primary
organ failure. So the index disease (i.e. HF) is part of a multi-
morbidity syndrome, instead of HF-specific comorbidity pat-
terns. Consequently, HF care should also involve allied health-
care professionals and possible other medical specialists to
adequately deal with all extra-cardiac features, such as
lower-limb muscle weakness and exercise intolerance (phys-
iotherapist), abnormal body composition (dietician), prob-
lematic ADLs (occupational therapist), impaired lung
function (chest physician), comorbidities (geriatrician or in-
ternal medicine specialist), and psychological symptoms and
inadequate coping styles (psychologist). In order to involve
them in the most appropriate way, clustering of patients
and identifying their specific needs may be of great value.

Strengths and weaknesses

This study using SOMs illustrates the clinical diversity of the
comorbidities in patients with HF. Patients included in this
study were entering a specialized rehabilitation programme
and do not reflect the entire HF population. Moreover, our
sample consists of only a small part of patients with pre-
served EF, 29% were female, and the average age was rela-
tively low. This may limit the external validity of our
findings. Still, our sample consisted of a considerable number
of HF patients with a clinically representative disease sever-
ity. Although we have assessed multiple non-cardiac features,
not all relevant characteristics for development of optimal in-
tegrated care were included. For example, cognitive function-
ing and presence of social support were not, which may limit
application particularly in very elderly HF patients. In addi-
tion, because the inclusion to this study was before 2015, pa-
tients were not treated with sacubitril/valsartan or SGLT-2
inhibitors.

An important limitation of this study is the fact that possi-
ble clinical consequences have not been tested. This needs to
be done in future studies. However, the analysis not only
highlights the need for such specific intervention trials but
also provides evidence how such interventions could look
like. This may result in significant improvement of managed
care in HF to possibly improve outcomes, quality of life, and
cost-effectiveness.

In the current analysis, the unbiased approach to identify
these comorbidity clusters is a major strength. We use SOMs
to represent the data distribution, because data dependency
can be understood easily when observing the map.

Whether tailoring therapy according to disease subtypes is
possible or necessary should be tested in future studies. Still,
it may be speculated that, for example, patients in Cluster 5
could take advantage from psychological interventions next
to exercise training; patients in Clusters 3 and 4, besides exer-
cise training, from attention to the metabolic disruption; and
patients in Cluster 2, from nutritional intervention as well as
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strength training. Furthermore, patients could take advan-
tage of an intervention by the occupational therapist. Pa-
tients in Cluster 1, the biggest cluster, are in general doing
well and they show a limited number of comorbidities. Ac-
cordingly, no additional interventions that may be costly but
of little added value could be advised in these patients.

Conclusions

Distinct combinations of comorbidities could be identified in
patients with HF. They have very diverse combinations of co-
morbidities, leading to five different clusters of phenotypes.
Therapy may be tailored based on these clusters as next step
towards precision medicine. Still, the effect of such an ap-
proach needs to be prospectively tested.
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