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See the editorial comment for this article ‘Liver, kidney, blood, and joints: the underestimated impact of non-cardiac comorbidities in acute
heart failure’, by M. Dorr, https://doi.org/10.1093/eurjpc/zwad170.

Aims To evaluate the prevalence and associations of non-cardiac comorbidities (NCCs) with in-hospital and post-discharge out-
comes in acute heart failure (AHF) across the ejection fraction (EF) spectrum.

Methods The 9326 AHF patients from European Society of Cardiology (ESC)-Heart Failure Association (HFA)-EURObservational

and results Research Programme Heart Failure Long-Term Registry had complete information for the following 12 NCCs: anaemia,
chronic obstructive pulmonary disease (COPD), diabetes, depression, hepatic dysfunction, renal dysfunction, malignancy,
Parkinson’s disease, peripheral vascular disease (PVD), rheumatoid arthritis, sleep apnoea, and stroke/transient ischaemic
attack (TIA). Patients were classified by number of NCCs (0, 1, 2, 3, and >4). Of the AHF patients, 20.5% had no NCC,
28.5% had 1 NCC, 23.1% had 2 NCC, 15.4% had 3 NCC, and 12.5% had >4 NCC. In-hospital and post-discharge mortality
increased with number of NCCs from 3.0% and 18.5% for 1 NCC to 12.5% and 36% for >4 NCCs.
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Anaemia, COPD, PVD, sleep apnoea, rheumatoid arthritis, stroke/TIA, Parkinson, and depression were more prevalent in
HF with preserved EF (HFpEF). The hazard ratio (95% confidence interval) for post-discharge death for each NCC was for
anaemia 1.6 (1.4-1.8), diabetes 1.2 (1.1-1.4), kidney dysfunction 1.7 (1.5-1.9), COPD 1.4 (1.2-1.5), PVD 1.2 (1.1-1.4),
stroke/TIA 1.3 (1.1-1.5), depression 1.2 (1.0-1.5), hepatic dysfunction 2.1 (1.8-2.5), malignancy 1.5 (1.2-1.8), sleep apnoea
1.2 (0.9-1.7), rheumatoid arthritis 1.5 (1.1-2.1), and Parkinson 1.4 (0.9-2.1). Anaemia, kidney dysfunction, COPD, and dia-
betes were associated with post-discharge mortality in all EF categories, PVD, stroke/TIA, and depression only in HF with
reduced EF, and sleep apnoea and malignancy only in HFpEF.

Multiple NCCs conferred poor in-hospital and post-discharge outcomes. Ejection fraction categories had different preva-
lence and risk profile associated with individual NCCs.

Lay summary

The current analysis from ESC-Heart Failure Long-Term Registry represents the largest and most comprehensive study inan

acute heart failure (AHF) population with HF with reduced ejection fraction (HFrEF), HF with mildly reduced EF (HFmrEF),

and HF with preserved EF (HFpEF), on prevalence and association with in-hospital and post-discharge outcomes of a large
number of non-cardiac comorbidities.

e A greater number of non-cardiac comorbidities (CNNs) were associated at admission with older age, preserved EF, more
severe NYHA class, and longer duration of HF. In-hospital and post-discharge mortality gradually increased with number
of CNNE.

e The association between each individual comorbidity and post-discharge outcomes varied substantially in AHF patients
with HFrEF, HFmrEF, and HFpEF, suggesting that an ‘EF-specific’ multidisciplinary approach with distinct comorbidity
management programs should be applied in post-discharge phase.
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Introduction

Acute heart failure (AHF) is a multifactorial syndrome associated with a
high rate of in-hospital and long-term mortality, as well as recurrent HF
admission.' ™ Heart failure is commonly accompanied by a broad range
of cardiac and non-cardiac comorbidities (NCCs), complicating the
management and  unfavourably affecting the  prognosis.”~®
Hospitalization for AHF represents a change in the trajectory of the dis-
ease process, and clinical severity is determined by the complex inter-
play between precipitants, the underlying cardiac substrate, and the
patient’s associated cardiac and NCCs.” Following hospitalization for
AHF, short-term readmissions are due to residual or rapidly recurring
conges‘cion.10 However, long-term readmissions are the consequence
of the continuous deterioration of cardiac substrate, worsening of
the associated cardiac and NCCs and subsequent difficulties in imple-
menting in guideline-directed medical therapy.'®""

Cardiac comorbidities such as ischaemic heart disease®’ and atrial
fibrillation (AF)”® have been extensively studied in chronic HF in rela-
tion to ejection fraction (EF) category (HF with reduced EF, HFrEF,
<40%; mildly reduced EF, HFmrEF, 41-49%; and preserved EF,
HFpEF, > 50%).” Also addressed by the recent guidelines,>'? ischaemic
heart disease is more common in HFrEF,® while AF is distinctly more
common in HFpEF.”® Although the prevalence of NCCs and associ-
ation between NCCs and clinical outcomes in chronic HF have been
studied,”>™"® very few studies focused specifically on the burden and
prognostic impact of NCCs in patients who are hospitalized for
AHF. 1618

Detailed information on the impact of NCCs in AHF is critical, since
about half of hospitalizations are not due to cardiovascular reasons."’
Furthermore, since the hospitalized HF patients are generally elderly,’
the burden of NCCs will continue to increase. In a US study, among pa-
tients hospitalized for HF in real-world clinical practice, there was an
increase in patients with multiple (>3) comorbidities from 18% to
29% and a decrease in patients with no comorbidities, from 22% to
16%, from 2005 to 2014."

The ESC-Heart Failure Long-Term (ESC-HF-LT) Registry is the lar-
gest cohort providing contemporary generalizable information about
acute and chronic HF across the spectrum of EF, from all regions of
Europe and from Mediterranean countries.’>~>® In the present manu-
script, we studied a large number of NCCs in AHF across the full EF
spectrum and assess prevalence and characteristics, clinical associa-
tions, and in-hospital and post-discharge cause-specific outcomes.

Methods

Study design

The ESC-HFA EURObservational Research Programme (EORP)-HF-
Long-Term (LT) Registry was an international, multicentre, prospective
registry of patients with HF and any EF. The study was conducted from
2011-2018 in a broad range of cardiology centres from 33 ESC member
countries.’®2* All patients provided written informed consent, and the
registry was approved by local ethical review boards according to the reg-
ulations of each participating country. A follow-up visit at 12 months after
the entry visit was mandatory for all patients in order to allow information
on morbidity and mortality to be collected. The follow-up clinical visit could
be replaced by a telephone call if the patient was unable to travel to the clin-
ical centre. During the course of the year, patients were followed up ac-
cording to the usual practice of the respective centres.

Patients

In the present analysis, we included patients with AHF who had non-missing
data on EF and had complete information about presence of the 12 pre-
defined NCCs. Patients who survived to hospital discharge, and who
were not lost to post-discharge follow-up, were included in post-discharge
outcome analysis (see Supplementary material online, Appendix $1). Acute

heart failure was defined as signs and symptoms of HF, evidence of cardiac
dysfunction, and need for intravenous (i.v.) treatment for HF (inotropes, va-
sodilators, and/or diuretics). There were no specific exclusion criteria, with
the exception that all patients had to be older than 18 years. In the
ESC-HFA EORP-HF-LT Registry, the following 12 NCCs were studied:
anaemia (haemoglobin <12 g/L for women and <13 g/L for men), chronic
obstructive pulmonary disease (COPD), diabetes mellitus (DM), depres-
sion, hepatic dz'sfunction, kidney dysfunction (glomerular filtration rate
<60 mL/min/m~), current malignancy, Parkinson’s disease, peripheral vascu-
lar disease (PVD), rheumatoid arthritis, sleep apnoea, and stroke/transient
ischaemic attack (TIA). Patients were classified by overall burden of NCC
score (0, 1, 2, 3, and >4).

Data collection

All baseline data (at hospital admission), in-hospital course, and outcomes at
a 12-month post-discharge follow-up were collected and entered into an
online database using a web-based electronic case report form.
Automated electronic data checks were performed to prevent duplicate
entries or entering invalid data. Several training meetings were organized
for national co-ordinators and study investigators to assure consistency in
data collection among participating centres. Furthermore, in each partici-
pating country, all data sources were subjected to verification by principal
investigators, and for a random sample of 5% of enrolled patients, by
EURObservational Research Programme (EORP) monitors.

Ejection fraction is defined as EF by Echo-Doppler recorded during hos-
pitalization, or if this is missing, last known EF recorded in Characteristics.
Ejection fraction categories were <41%, 41-49%, and >50% for HFrEF,
HFmrEF, and HFpEF.®

Clinical signs of congestion, pulmonary rales, peripheral bilateral oedema,
jugular venous distension >6 cm, hepatomegaly, and hepatojugular reflux
were collected at admission and discharge. Target doses of angiotensin-
converting enzyme inhibitors (ACEi), angiotensin receptor blockers
(ARBs), Mineralocorticoid Receptor Antagonists (MRA), and beta-blockers
(BB) were adopted from the ESC guidelines on HF. The in-hospital out-
comes were all-cause mortality, length of stay (LOS), and NYHA class at dis-
charge. Patients discharged alive were followed for 12 months, and
post-discharge outcomes included all-cause mortality, cardiovascular mor-
tality, first any cause hospitalization, and first HF rehospitalization.

Statistical analysis

All results were summarized by number of NCCs in five groups (0, 1, 2, 3,
>4 NCGCs). The purpose of this ‘score’ was to provide a clinically relatable
number, rather than e.g. tertiles/quartiles, which would be specific to this
cohort and less useful to clinicians. Categorical data are presented as
n (%) and compared with the % test. Continuous variables are reported
as median and interquartile range and compared with Kruskal-VVallis tests.

The binomial in-hospital outcomes were modelled using a generalized lin-
ear mixed-effects model with a logit link and a random effect for country. In
the models including the NCC score, adjustment was performed for age,
sex, primary aetiology, systolic blood pressure at admission, NYHA class,
history of myocardial infarction, and AF whereas in the models including
the individual comorbidities, no adjustment was performed.

The long-term outcomes were presented with cumulative incidence
curves. Proportions were estimated using the Kaplan—Meier method, and
incidence rates with 95% Poisson confidence intervals were calculated.
Time was from date of discharge. Cox proportional hazards regressions
with a frailty term for country were used to model the time to first event
analysis. As a consistency analysis, the long-term outcomes were modelled
using a sub-distributional hazards model (Fine and Gray>*) where death
from other causes than the event was treated as a competing event.
All-cause mortality, cardiovascular (CV) mortality, and HF hospitalization
were also modelled, as above, separately in each EF group. Similar to above,
in the models including the NCC score, the adjustment was performed for
age, gender, primary aetiology, systolic blood pressure, NYHA class, history
of myocardial infarction, and AF whereas in the models including the indi-
vidual comorbidities, no adjustment was performed. Missing values were
not imputed.

All analyses were performed using R version 4.0.2 (R Core Team®®). The
level of significance is set to 5%, two-sided. The R code for all data
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management and statistical analyses is found at https:/github.com/
KIHeartFailure/esccomorb.

Results

Patients and non-cardiac comorbidities
Among 25 621 patients enrolled in the ESC-HFA EORP-HF-LT Registry
from 2011 to 2018, 10,879 were enrolled with AHF (defined as hospi-
talized with HF requiring iv. treatment). Of these, 9326 had non-
missing data on EF, and the 12 had pre-specified NCCs. A total of
359 patients (3.9%) died during hospitalization, and 8967 were dis-
charged alive. The median (min—max) follow-up for the long-term out-
comes was 12.8 (1.0-43.4) months.

Distribution of NCCs shows that 1907 patients (20.5%) had no
NCCs, 2658 patients (28.7%) had one, 2154 patients (23%) had two,
1441 patients (15.4%) had three, and 1166 patients (12.5%) had
>four NCCs. Patients with HFpEF had a higher number of NCCs
(Figure 1A). Patients from the Middle East and Southern Europe had a
higher NCC number compared to other regions (see Supplementary
material online, Figure S7). The most common NCCs were anaemia,
DM, kidney dysfunction, and COPD. The prevalence of each individual
NCCs across EF categories is presented in Figure 1B.

Baseline characteristics

Patients with higher comorbidity score were significantly older and
more likely to have a HF diagnosis of longer duration and higher
NT-proBNP at admission (Table 7). Ischaemic aetiology as well as his-
tory of percutaneous coronary intervention (PCl) and coronary artery
by-pass graft (CABG) were more common in the group of patients with
higher NCC score. In patients with greater number of NCCs, NYHA
class at discharge was higher (see Supplementary material online,
Figure S2A), and signs of congestion at admission were more frequent
and less likely to resolve (see Supplementary material online,
Figure S2B). A greater number of NCCs were associated with smaller
left ventricular but larger left atrial dimensions, and a greater prevalence
of moderate—severe tricuspid regurgitation (TR) (Table 7).

In-hospital therapies and procedures

The proportion of patients treated with i.v. inotropes and/or i.v. diure-
tics (but not i.v. vasodilators) increased steeply with number of NCCs
(Table 2). Particularly, i.v. inotropes were used in 17% of patients with
>4 NCGCs. A lower proportion of AHF patients with three and four
NCCs underwent coronary angiography (18% and 17%) and PCI
(9.4% and 8.2%) during hospitalization as compared to patients with
no, one, or two NCCs. There were no significant differences in de
novo implantation of ICD or cardiac resynchronization therapy
(CRT). In patients with HFrEF, utilization of disease modifying HF med-
ications was lower at admission, increased more during hospitalization,
and was greater at discharge in those with fewer NCCs. Similarly, the
proportion of patients receiving >50% target dose of these therapies
decreased with greater number of NCCs. Oral diuretics were more
frequently used in patients with more NCCs, both at admission and
at discharge (see Supplementary material online, Figure S3).

In-hospital course and outcomes

In-hospital mortality increased with number of NCCs, with 1.8%, 3.0%,
3.2%, 5.9%, and 7.8% for none, one, two, three, and >four NCCs, re-
spectively. Association between each individual comorbidity and in-
hospital mortality is presented in Supplementary material online,
Figure S4. In-hospital LOS was longer in patients with higher NCC score
(see Supplementary material online, Table). Clinical congestion at dis-
charge were more commonly reported in patients with higher NCC

score irrespective of EF category, and patients with multiple
NCCs were discharged with more advanced NYHA class (see
Supplementary material online, Figure S2).

Long-term outcomes

One-year all-cause mortality ranged from 7.8% with no NCCs to 36%
with >4 (see Supplementary material online, Table). Similarly, the rate
of all-cause hospitalization increases with number of NCCs from
30% to 56%.

Using Cox regression, the adjusted association of each individual
NCC with long-term outcomes is presented in Figure 2. Several
NCGCs, such as anaemia, stroke/TIA, hepatic dysfunction, kidney dys-
function, and diabetes were associated with four all long-term out-
comes studied, while other NCCs were associated with some but
not all outcomes. Hepatic dysfunction [hazard ratio (HR) =2.1 (1.8—
2.5)] and kidney dysfunction [HR = 1.7 (1.5-1.9)] had the strongest as-
sociation with 1-year-all-cause mortality.

Figure 3 shows the cumulative incidence curves for the long-term
outcomes and adjusted HR [95% confidence interval (CI)] from the
Cox proportional hazard models for AHF patients stratified by number
of NCCs. Compared with patients without NCCs, used as reference in
this analysis, HRs for 1-year all-cause mortality gradually increased with
number of NCCs, HR = 2.1; (95% Cl = 1.7-2.5) for 1 NCC, HR =2.3;
(C1=1.9-2.9) for 2 NCCs, HR = 3.3; (Cl =2.6—4.1) for 3 NCCs, and
HR =4.0; (Cl = 3.2-5.0) for >4 NCCs (Figure 3). This association per-
sisted after stratification by EF categories (Figure 4). The association of
each individual NCC with the 1-year all-cause mortality in the three EF
categories (Figure 4) showed that the prognostic role of the individual
NCCs varied substantially in AHF patients stratified by EF.
Association between each individual NCC and CV mortality and HF
hospitalization is presented for each category of EF in Supplementary
material online, Figure S5.

Discussion

The current analysis from ESC-HF-LT Registry represents the largest
and most comprehensive study in an AHF population with HFrEF,
HFmrEF, and HFpEF, on prevalence of, associations with, and in-
hospital course and post-discharge prognostic role of, a large number
of NCCs. The main findings were as follows: (i) the prevalence of 0,
1,2, 3, and >4 NCCs was 20%, 28%, 23%, 15%, and 13%, respectively,
and the most common NCCs were anaemia, diabetes, and kidney dys-
function; (ii) a greater number of NCCs were associated at admission
with higher age, higher EF, longer duration of HF and more severe
HF, ischaemic heart disease, less use of disease modifying HF medica-
tions, and more use of loop diuretics; (iii) patients with higher co-
morbidity score had greater in-hospital mortality, longer LOS, less
intensification of HF therapy and more severe NYHA class, and greater
residual congestion at discharge; (iv) and a greater number of NCCs
were independently associated with higher risk of post-discharge all-
cause death and hospitalization and CV death and HF hospitalization,
with the greatest impact on all-cause death; and (v) the associations
with in-hospital and post-discharge outcomes varied by EF, with hepatic
and kidney dysfunction associated with the greatest risk overall.

In this registry, 80% of patients admitted for AHF had at least one
NCC, a proportion higher than reported in ambulatory patients
from ESC-HF-pilot study."® This suggests not only that AHF is a marker
of increased risk but also NCCs are associated with greater risk of HF
hospitalization. Similarly to the ASCEND-HF trial,"® in our registry, pa-
tients with higher NCC score were older, more commonly having
HFpEF, and presenting with worsening HF of longer duration. They
had smaller LV diameters but larger LA dimensions and notably,
more likely associated with moderate/severe TR. A larger LA size
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with normal LV dimensions typically characterizes HFpEF,” a phenotype
more prevalent than HFrEF in patients with high comorbidity score.
The different pathophysiologic mechanisms associated to the two phe-
notypes, as well as the higher prevalence of AF% may explain echocar-
diographic abnormalities reported in patients with higher NCC score.

The prevalence of some NCCs that varied substantially among EF
categories, COPD, anaemia, PVD, sleep apnoea, rheumatoid arthritis,
stroke/TIA, Parkinson, and depression were more prevalent in
HFpEF, while diabetes, kidney dysfunction, and liver dysfunction
were more frequent in HFrEF. In a previous analysis from ESC-HFA
HF-LT Registry,?* patients with AHF and HFpEF had older age, finding
that may explain the higher prevalence of stroke/TIA, Parkinson, and
depression, while a higher body mass may explain the association
with sleep apnoea.’” Other comorbidities, such as anaemia, COPD,
and rheumatoid arthritis, interrelate with HFpEF substrate by several
common mechanisms, especially inflammation.?” In patients with
HFrEF, a higher prevalence of diabetes might relate to ischaemic
heart disease, more prevalent among HFrEF.? Furthermore, in add-
ition to diabetes, patients with HFrEF as compared to those with
HFpEF have higher neurohormonal activation,”?” sympathetic and
renin-angiotensin-aldosterone systems, which may contribute to
more frequent kidney dysfunction.

Overall, the prevalence of the most common NCCs, such as an-
aemia, renal dysfunction and diabetes was similar to that reported by
the contemporary global REPORT-HF registry.'® However, the

prevalence of NCCs was higher than reported by clinical trials.'®?®

To note, in ASCEND-HF trial,16 all reported NCCs were less prevalent,
except anaemia (60.3% vs. 45.4%), but this disparity is explained by dif-
ferent definitions and more restrictive inclusion criteria used in clinical
trial compared to registry.

The proportion of patients treated with i.v. diuretics increased in
parallel with number of NCCs, but clinical improvement and success-
ful decongestion were nevertheless less often achieved in these pa-
tients. Some particular NCCs and possible their aggregation in a
specific patient may limit the possibility of achieving decongestion.
In a previous analysis of the ESC-HF-LT registry, moderate/severe
TR, more severe NYHA class, worsening vs. de novo HF, anaemia,
diabetes, and no beta-blockers at admission were independent pre-
dictors of residual congestion at discharge after multivariable adjust-
ment analysis.”> Notably, inadequate decongestion was reported
despite of a median LOS that was longer in patients with multiple
NCCs. Comorbidities contribute directly to prolonged hospitaliza-
tion, and COPD, liver and renal dysfunction, and signs of right HF
were associated to longer LOS in AHF patients in different stud-
ies. 2827 Increasing prevalence of these high-risk variables in addition
to older age and more altered biological profile at admission may ex-
plain why in-hospital mortality increases considerably with number of
NCCs, from 1.8% to 7.8%.

Despite of the potential survival benefit associated with optimal dos-
ing of HF therapies, the results of the present analysis are in the line with
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Non-cardiac comorbidities in acute heart failure 1353

Table 2 Intravenous vasoactive therapies, interventions, and oral CV therapies during hospitalization

0NCC (n=1906) 1NCC (n=2657) 2NCC (n=2156) 3 NCC (n=1441) >4 NCC (n=1166) P-value

i.v. therapies (%)

Inotropes 9. 10.7 11.0 136 174 <0.001
Vasodilators 173 19.7 19.6 20.4 177 0.082
Diuretics 742 79.5 82.8 85.1 88.2 <0.001
Interventions (%)

Coronary angiography 357 27.5 21.6 17.8 171 <0.001
PCI 15.9 10.8 103 9.4 8.2 <0.001
EPS 1.0 0.6 04 0.2 0.1 0.002
Transcatheter ablation 1.0 0.5 04 0.3 0.0 0.5
Right heart catheterization 3.2 23 24 1.6 14 0.005
IABP 12 0.8 0.8 0.7 11 0.53
CRT 29 43 47 4.8 43 0.155
ICD 6.3 6.5 72 6.7 6.5 0.105
Oral CV therapies (%)

BB admission 56.2 55.9 59.5 59.0 544 <0.001
BB discharge 83.1 789 751 715 63.4 <0.001
ACE/ARBs admission 59.2 59.5 64.1 56.3 55.9 <0.001
ACE/ARBs discharge 84.3 79.8 75.2 68.2 65.2 <0.001
ARNI admission 0.6 0.6 2.2 0.0 0.0 0.284
ARNI discharge 17 2.6 33 2.3 11 0.861
MRA admission 336 36.2 339 335 331 <0.001
MRA discharge 62.3 61.5 579 471 41.2 <0.001
Ivabradine admission 12 14 19 1.8 19 0.421
Ivabradine discharge 33 35 36 39 4.5 0.725
Digoxin admission 159 179 183 211 177 0.009
Digoxin discharge 21.9 25.1 22.7 238 213 0.072
Diuretic admission 421 51.4 59.8 64.4 71.3 <0.001
Diuretic discharge 739 80.0 81.2 835 84.8 <0.001

ACE, angiotensin converting enzyme inhibitor; ARB, angiotensin receptor blocker; ARNI, angiotensin receptor neprelysin inhibitors; BB, betablocker; CRT, cardiac resynchronization
therapy; EPS, electophysiological studies; IABP, intra-aortic balloon pump; ICD, intracardiac defibrillator; IABP, intra-aortic balloon pump; ICD, intracardiac defibrillator; MRA,
mineralocorticoid receptor antagonist; PCl, percutaneous coronary interventions.

All-cause mortality CV mortality All-cause hospitalization HF hospitalization
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Figure 2 Associations between each individual non-cardiac comorbidities and long-term outcomes. Data are presented with % (95% confidence
interval) with event in the variable yes/no and heart failure. Cl, confidence interval; COPD, chronic obstructive pulmonary disease; HFpEF, heart failure
with preserved ejection fraction; NCC, non-cardiac comorbidity; PVD, peripheral vascular disease; TIA, transient ischaemic attack; HR, heart failure.

G20 JoquiedaQ Zz Uo Josn sjseyey ues [eydsoH Aq 011 1912/9v€ /g L/0g/aIome/dline/woo dno-ojwepese//:sdny woly papeojumoq



1354

O. Chioncel et al.

100
Adjusted HR (95% Cl), p-value
90 - re
=] o 4 oottt 2.1 (1.7-2.5), <0.001
= 2 Comorbidity 2.3 (1.9-2.9), <0.001
80 — === 3 Comorbidity 3.3 (2.6-4.1), <0.001
— 4+ Comorbidity 4.0 (3.2-5.0), <0.001
70
2 60 —
H
g 50
o
E]
§ 40+
Ed
30
20
10
0 T T 1 T T |
0 2 4 6 8 10 12
No. at risk Follow-up (months)

1246 1224 1205 1180 1138 1108 895
1G 1771 1701 1648 1591 1526 1454 116°
2C 1468 1396 1335 1281 1225 1172 909
3C 964 905 853 802 744 695 527
4+C 816 744 688 642 605 564 425

100
Adjusted HR (95% CI), p-value
ref
0 2t T ComorBidihy 1.1 (1.0-1.3), 0.031
== 2 Comorbidity 1.4 (1.2-1.6), <0.001
80 - === 3 Comorbidity 1.7 (1.5-1.9), <0.001
w— 4+ Comorbidity 2.1(1.8-2.4), <0.001
£ 70+
c
2
8 60+
3
o
& 50—
(] —
[ - —
g 40 A .
T - -
E '_"' il =
= i gt - 5o e
E w0 == P
~ - e fit
20 T e e
L T
10 L
P
-
0 T T T T T 1

0 2 4 6 8 10 12
No. at risk Follow-up (months)

1246 1144 1055 085 895 835 664
1C 1771 1573 1431 1327 1189 1077 861
2C 1468 1253 1116 1016 890 803 627
3C 963 790 668 585 504 457 346
4+C 816 631 525 448 384 337 247

100 —
Adjusted HR (95% ClI), p-value
90 i
- - Como ty 2.0 (1.5-2.7), <0.001
== 2 Comorbidity 2.2 (1.6-3.0), <0.001
80 - === 3 Comorbidity 3.3 (2.5-4.5), <0.001
= 4+ Comorbidity 3.7 (2.7-5.1), <0.001
70 +
g 60 —
=
B 50+
Q
E
3 40
30 +
20 +
199 e T — =
..s:‘..._.-.'__-_.:f-.—_:-u s o F M e T
0 T T T T T 1
0 2 4 6 8 10 12
No. at risk Follow-up (months)
1246 1224 1205 1180 1138 1108 895
1C 1771 1701 1648 1591 1526 1454 116
2c 1468 1396 1335 1281 1225 1172 90¢
3C 964 905 853 802 744 695 527
4+C 816 744 688 642 605 564 428
100 —
Adjusted HR (95% Cl), p-value
ref
90 o 1. Comorbidity 1.2 (1.0-15), 0.016
== 2 Comorbidity 1.5 (1.3-1.8), <0.001
80 o == 3 Comorbidity 2.0 (1.7-2.4), <0.001
== 4+ Comorbidity 2.6 (2.1-3.1), <0.001
— 707
£
<
£ 80
s
®
s 50
3
Q
=
Loo40 +
B
L 30 i
” — i ——"
- - -
20 - 3 B s gty c o
- AT Lt
- -——r
I
109 e St
Fri=
0 T T T T T |
0 2 4 6 8 10 12
No. at risk Follow-up (months)
1246 1191 1136 1083 1008 962 773
1Cc 1771 1639 1534 1436 1320 1222 983
2C 1468 1324 1207 1133 1040 960 745
3c 964 837 735 668 601 555 41€
44C 816 677 594 528 472 423 315

Figure 3 Cumulative incidence curves for the long-term outcomes and adjusted hazard ratio (95% confidence interval) from the Cox proportional
hazard models for acute heart failure patients stratified by number of non-cardiac comorbidities. (A) All-cause mortality; (B) cardiovascular mortality;
(C) all-cause hospitalization; (D) heart failure-hospitalization. Cl, confidence interval; NCC, non-cardiac comorbidity; HR, hazard ratio; AHF, acute heart

failure.

the multiple observations showing that suboptimal dosing of HF ther-
apies is highly prevalent. Patient factors (e.g. older age, comorbid dis-
eases, intolerance or contraindications, and medication cost) and
physician factors (e.g. clinical inertia) have been suggested as potential
reasons for suboptimal dosing of HF therapy.*

Heart failure therapies at discharge were associated with lower
1-year mortality in patients with recent AHF, regardless of EF or
the presence of comorbidities®! and in recent STRONG-HF trial,
a rapid and intensified up-titration of neurohormonal antagonists
at and early after discharge were associated with improved out-
come.>? Also, in patients with HFrEF, benefits of ICD therapy in

primary prevention were seen on different strata of comorbidity
burden.??

We found a consistent and strong association between the number
of NCCs and all long-term outcomes, irrespective of EF category and
consistent with previous studies in patients with chronic®'*~"> and
acute HF."®"7

An important strength of the current analysis is the in-depth charac-
terization of the association between each individual NCCs and the
clinical outcomes, overall and in the three EF categories. In the whole
population, anaemia, stroke/TIA, hepatic dysfunction, kidney dysfunc-
tion, and diabetes have been associated with all long-term outcomes.
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HFrEF HFmrEF HFpEF

. % Event (95% Cl}; HR (95% C1); p-value
% Event (95% CI); HR (95% C1); p-value % Event (35% CI); HR (35% C1); p-value .

0 Comorbidity & (6-10) ref [ ] O Comodhinay 4(0-7) ref [ 0 Comorbidity §(3-9) rel ]
g 1 Comerbidty  20(17-22)  22(1.7-29) <0001 i - 1Comorbidity  9(512)  22(1048) 0050 —@— 1Comorbidity 14 (10-17)  1.8(1.229) 0006 | —m—
g 2Comorbidity 21 (1824)  22(17-28) <0001 | 2Comorbidity 14 (9-19)  35(167.6) 0002 | —@—I 2 Comorbidity 20 (16-23)  26(1.7-4.0) <0001 | —@—
g i H i
s H H
o { H 3
z 3 SRS 5 s 3 : 3Comorbidity  28(18-36)  54(24-122) <0001 | —@— 3Comorbidity  23(18-28)  32(205.0) <0.001 : —
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FrTTTT————— i — FrrrTT———
1 14.1 1 58
Comorbidity % Event (3% C)  HR (95% CI) P-valuo Comorbidity % Event (95% CIj  HR (95% CI) P-value Comorbidity % Event (95% CI)  HR (85% CI) Pvalue
Anemia 28 (26-30)15 (13-16) 1.5 (1.3-1.8) <0.001 [ Anemia 19(15-23)/B(5-10) 2.1 (1.4-3.1) <0.001 - Angmia 23 (20-26)11 (9-13) 1.8 (1.4-22) <0.001 -
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B i
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- :
£ H :
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Figure 4 The association of the number of comorbidities and each non-cardiac comorbidity separately with the all-cause mortality in the three ejec-
tion fraction categories. Data are presented with % (95% confidence interval) with event in the variable yes/no and heart failure. Cl, confidence interval;
COPD, chronic obstructive pulmonary disease; HFpEF, heart failure with preserved ejection fraction; HFmrEF, heart failure with mildly reduced ejection
fraction; HFrEF, heart failure with reduced ejection fraction; NCC, non-cardiac comorbidity; PVD, peripheral vascular disease; TIA, transient ischaemic

attack.

Several other comorbidities, such as PVD, depression, and current ma-
lignancy were associated with the risk of all-cause mortality but not to
CV mortality (Figure 2). This can be relevant for the understanding of
the results of RCTs, which typically include younger patients without
significant co-morbidities and more severe HF and have a composite
of CV mortality or HF hospitalization as the primary endpoint. When
included in future RCTs, these comorbidities may particularly increase
the number of non-CV deaths and non-HF hospitalizations and may di-
lute the benefits of the investigated study intervention on CV outcomes.
Even if a trial is favourable on CV events, the total burden of HF is not
relevantly impacted due to the high rate of NCCs and their negative out-
comes’ consequences. Also, from a clinical practice perspective, transla-
tion of RCT results in an unselected HF population is not rigorously
evidence-based, and assumption of a similar efficacy in HF patients,
who usually have a higher comorbidity burden, is mostly based on extra-
polations of these data, and the true benefit should be proved.

Of all comorbidities, hepatic and kidney dysfunction had the stron-
gest association with both all-cause and CV-mortality, in both HFrEF
and HFpEF patients. The two comorbidities are highly suggestive of sys-
temic congestion, which is the main driver of the post-discharge out-
comes, irrespective of EF.2?

Of note, each category of EF had a different risk profile associated
with the individual NCCs. Peripheral vascular disease, stroke/TIA, and
depression were associated with all-cause mortality only in patients
with HFrEF, while sleep apnoea and current malignancy were only
in patients with HFpEF. Diabetes was strongly associated to
HF-hospitalization in any EF category, but less consistent with CV mor-
tality in HFrEF and HFpEF. Patients with HFrEF are relatively homogen-
ous, with the same comorbidities being associated to CV mortality and

HF-hospitalization, while in HFpEF, there are differences among co-
morbidities predictive for CV mortality or HF-hospitalization (see
Supplementary material online, Figure S5). ldentification of the co-
morbidities that are predictors of the specific outcomes may provide
opportunities to explore potential interactions between possible treat-
ment effects and cause-specific risk in each category of EF. This finding
may probably explain the greater effect on HF hospitalization than on
CV mortality in the RCTs including HFpEF patients.

On the basis of our findings, a greater focus on the recognition and
treatment of comorbidities in all EF categories is justified. This approach
may be particularly relevant for HFpEF where only SGLT2-inhbitors
have been shown to improve outcomes but also for HFrEF where
the burden of NCCs was also high and may interfere with optimization
of guideline-directed medical therapy.

Interestingly, the individual comorbidities have a stronger association
(higher odds ratios) with in-hospital mortality than with 1-year mortal-
ity. The presence of comorbidities may confer a particular vulnerability
to worsening HF leading to admission, process attenuated during
follow-up. It cannot be excluded that i.v. vasoactive therapies may wor-
sen some comorbidities or interfere with their treatment.

Nevertheless, the mechanisms leading to the increased mortality
risk observed in AHF patients with multiple comorbidities are prob-
ably multifactorial.>* Although individual NCCs per se were previous-
ly*® and in our study associated to long-term mortality, it remains
unknown whether this represents primarily a clinical interaction be-
tween HF and the NCCs or some confounding related to lower use
or poor tolerability of HF medications, or possibly some interaction
with medications used to treat these comorbidities or with polyphar-
macy. To note, some NCCs may cluster and potentiate each other, and
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their association may increase the overall risk beyond the risk of each
NCC, creating high risk subgroups.'® In addition, patients with AHF and
more NCCs have a higher probability of residual congestion at discharge,
factor associated with long-term mor'tali'cy.22'35'36

Defining the prognostic role of comorbidities in AHF might help to im-
prove assessment of patients’ vulnerability and to inform in-hospital and
post-discharge management and referrals. In addition to optimization of
HF therapies, NCC management during HF hospitalization may improve
outcomes and warrants evaluation in prospective studies. While severe
comorbidities may impact eligibility for HF therapies, it is important to op-
timize medical therapy as tolerated and reduce clinical risk and to use ad-
mission as a trigger to initiate HF therapies with proven benefit that would
permit long-term exposure to therapeutical beneficial effects.>*>’

When cardiac surgery is indicated, the association of the multiple and
severe NCCs may place HF patient in a very-high/prohibitive surgical
risk, which requires further evaluation for percutaneous interventions,
either coronary, or valvular or palliative care.

Furthermore, since AHF patients with high NCC score are dis-
charged with residual congestion, suboptimal therapeutic regimen,
and have poor post-discharge outcome, an intensified follow-up visits
program is required. All these results highlight the need for multidiscip-
linary team-based care and improved co-ordination with primary care
and other specialists to manage these complex patients.

Future trials should focus on the comprehensive management of the
patients with AHF with multiple comorbidities, rather than to study the
isolated effects of single drugs in younger patients with few or no co-
morbidities. These trials should include HF patients with comorbidities,
possibly applying complex interventions that target together CV sub-
strate and associated comorbidities, despite the increased require-
ments for intensified monitoring and safety evaluations.”

Limitations

The registry included only patients from cardiology departments or
specialized HF units (and not internal medicine or geriatric depart-
ments), which introduces selection bias and may reduce external valid-
ity. Patients admitted to internal medicine or geriatric departments may
be expected to be older, with more comorbidities and more often with
HFpEF compared to HF patients admitted to cardiology departments.®

Ejection fraction used for classification was based on a single EF as-
sessment during hospitalization and was obtained per local protocol
(there was no core laboratory) and without adjudication.

Also, there was no central committee to adjudicate the causes of
death and type of rehospitalization.

Since the registry spanned between 2011 and 2018, data about
SGLT2 inhibitor utilization are missing.

Other potentially important variables with well-known prognostic
importance, such as natriuretic peptide level (data available only for
41% patients at admission), were not selected in adjusted analyses, as
data were not available in many patients.

The set of NCCs were obtained from medical history collected in
the registry as reported by the investigators. Some comorbidities, par-
ticularly kidney and hepatic dysfunction, may reflect both intrinsic organ
pathologies as well as the organ dysfunction as result of of congestion
or/and hypoperfusion during HF decompensation, but this analysis does
not account for the relative contribution of each mechanism. Severity
of comorbidities was not collected, and this was not considered to
evaluate association with outcomes. Finally, we cannot exclude that
some NCCs are under-reported.

Conclusions

In AHF patients enrolled in ESC-HFA EORP-HF-LT Registry, a greater
number of NCCs were associated at admission with older age,

preserved EF, more severe NYHA class, and longer duration of HF.
Despite of longer hospital stay and a more intense use of i.v. therapies,
AHF patients with higher number of NCCs are discharged with sub-
optimal HF therapies and more severe NYHA class and residual con-
gestion. In-hospital and post-discharge mortality gradually increased
with number of NCCs.

Overall, anaemia, renal dysfunction, and diabetes were the most
commonly reported NCCs, but the prevalence of NCCs varied sub-
stantially among EF categories.

The association between each individual NCC and post-discharge
outcomes varied substantially in AHF patients with HFrEF, HFmrEF,
and HFpEF, suggesting that an ‘EF-specific’ multidisciplinary approach
with distinct comorbidity management programs should be applied in
post-discharge phase.

Supplementary material

Supplementary material is available at European Journal of Preventive
Cardiology.
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