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Background: Heart failure (HF) is associated with increased risk of death and a hospitalization, but for patients initiating guideline
directed medical therapy, it is unknown how high these risks are compared to the general population — and how this may vary
depending on age and comorbidity.

Methods: In this retrospective cohort study, we identified patients diagnosed with HF in the period 2011-2017, surviving the initial
120 days after diagnosis. Patients who were on angiotensin converting enzyme inhibitor (ACEi)/ angiotensin receptor blocker (ARB)
and beta-blocker were included and matched to 5 non-HF individuals from the background population each based on age and sex. We
assessed the 5-year risk of all-cause death, HF and non-HF hospitalization according to sex and age and baseline comorbidity.
Results: We included 35,367 patients with HF and 176,835 matched non-HF individuals. Patients with HF had a five-year excess risk
(absolute risk difference) of death of 13% (31% [for HF] — 18% [for non-HF]), of HF hospitalization of 17% and of non-HF
hospitalization of 24%. Excess risk of death increased with increasing age, whereas the relative risk decreased - for women in their
twenties, the excess risk was 7%, risk ratio 7.2, while the excess risk was 18%, risk ratio 1.5 for women in their eighties. Having HF as
a 60-year old man was associated with a five-year risk of death similar to a 75-year old man without HF. Further, HF was associated
with an excess risk of non-HF hospitalization, ranging from 8% for patients >85 years to 30% for patients <30 years.

Conclusion: Regardless of age, sex and comorbidity, HF was associated with excess risk of mortality and non-HF hospitalizations,
but the relative risk ratio diminishes sharply with advancing age, which may influence allocation of resources for medical care across
populations.
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Introduction

The global burden of heart failure (HF) remains significant. While survival has improved in past decades due to the development
of effective therapy, HF is still associated with considerable risk of premature death' and reduced quality of life.> HF readmission
rates remain unacceptably high®* and the cost of HF care is expected to increase.”® However, the excess risk of death and
hospitalization for patients with HF compared to the general population has, to our knowledge, not been quantified.

Patients with HF constitute a heterogeneous population and the excess risk of death and hospitalization associated with HF
may vary according to age and comorbidity burden. To guide and treat patients and for planning future trials, knowledge on
how the excess risk varies according to patient characteristics is important. Indeed, quantitative information on the expected
higher mortality in HF patients compared with the background population may help physicians to understand the risk
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associated with HF compared to eg risk associated with aging or the risk of having HF in addition to severe comorbidities like
diabetes, cancer and chronic obstructive pulmonary disease. For the patients, knowledge on the excess risk associated with HF
is important to understand the potential impact the HF diagnosis may have on their life in comparison with their peers.” Finally,
knowledge on risk variations may be an important tool for health care organizers to increase the focus on prevention of HF
exacerbations and optimized allocation of health care resources and post-discharge care.

Therefore, in this study, we sought to estimate the excess risk of death, HF hospitalization and non-HF hospitalization
in patients with HF treated with angiotensin converting enzyme inhibitor (ACEi)/angiotensin receptor blocker (ARB) and
beta-blocker compared to age- and sex matched controls and how this varied according to age and non-cardiac
comorbidities.

Methods

Data Sources

The study was a retrospective cohort study conducted using data from nationwide administrative Danish registers,
including the Civil Registration Register, holding information on birth, death, migration status, the National Patient
Register, holding information on all hospital in- and outpatient contacts coded due to the International Classification of
Diseases 10™ edition (ICD-10) and the Database of Medicinal Product Statistics, holding information on all medical
prescriptions collected in Danish pharmacies. Due to the Danish person identification system, all of these registers can be
combined, and individual level data can be obtained.®

Study Population and Outcomes

We identified all patients with a first-time HF diagnosis (ICD-10: 150) in the period 2011-2017. The patients were included if
they were 18-95 years at time of diagnosis, survived the initial 120 days after the diagnosis and collected prescriptions on
ACEi/ARB and beta-blocker in this period. This method was to ensure a population with chronic HF with a high proportion of
HF with reduced ejection fraction (HFrEF).? At the time of inclusion (baseline: HF diagnosis + 120 days) each patient was
age- and sex matched to five individuals from the risk set —ie individuals of the general population who were alive and without
HF at the time of matching. The study population were followed for up to 5 years, until the end of 2017, death or emigration,
whichever came first. Outcomes of interest were death, HF hospitalization and non-HF hospitalization. Further, we assessed
the burden of hospitalization in terms of number of hospitalizations, duration of hospitalization and total number of days
hospitalized. We used the term excess risk to describe the absolute risk difference.

Baseline Comorbidity and Subgroup Analyses

Baseline comorbidity was defined according to ICD-10 diagnoses as minimum one hospital contact within 5 years prior
to baseline. In each subgroup analysis for non-cardiac comorbidity (diabetes, chronic obstructive pulmonary disease
[COPD] and cancer), patients with HF with and without the respective comorbidity were re-matched to individuals from
the risk set with and without the respective comorbidity, based on age, sex and year of comorbidity incidence (for with-
comorbidity groups). Re-matching in this manner was performed to ensure that distributions of age and sex would remain
consistent between patients with HF and controls. For the cancer subgroup, we further descriptively assessed the
distribution of different types of cancer in patients with HF and controls, respectively.

Statistical Analyses

Baseline characteristics were presented as number and percentage for categorical variables and as median and inter-
quartile range for continuous variables. The included patients with HF were age- and sex matched to 5 randomly selected
controls each, using risk set matching, meaning that a person in the Danish background population was eligible as
a potential match if he or she was alive and free from HF at the time of matching. Five-year mortality risk was assessed
using the Kaplan—Meier estimator, while the 5-year risk of hospitalization (HF and non-HF) were assessed using the
Aalen Johansen estimator. Excess risk was defined as the absolute risk difference between patients with HF and non-HF
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controls. The level of statistical significance was set to 5%. All data management, analyses and figures were conducted in
SAS version 9.4 and R version 3.5."°

Ethical Approval

The present study was based on anonymous data from the Danish nationwide administrative registers and, therefore,
approval from the local ethics committee was not necessary. The study was approved by the Danish Protection Agency
(project no. P-2019-262).

Results

Study Population

We identified 76,095 patients with a first-time HF diagnosis from 2011 to 2017. After excluding 11,914 who died during
the initial hospital stay or during the 120 days after discharge, and 28,814 who were not in ACEi/ARB and beta-blocker
therapy, we included 35,367 patients, who were matched to 176,835 non-HF controls (Figure 1). The median age was 71
and the study population consisted of 35% women. At baseline, 12,189 (34%) patients were in MRA therapy (Table 1).
Both cardiovascular- and non-cardiovascular comorbidity at baseline were more frequent in the HF group than in the
control group. Among the patients with HF, almost half of the patients had ischemic heart disease compared to 5% of the
matched population. One-third of the patients with HF had atrial fibrillation compared to 4% of the matched population.
Diabetes was twice as frequent among patients with HF (10% vs 2%) and even a non-cardiovascular disease as COPD
was present in 10% of the patients with HF compared to 2% of the matched population.

Outcomes in the Overall Population

Compared to non-HF controls, HF was associated with increased 5-year risk of death (30.8% vs 17.6%, absolute risk
difference 13.2, risk ratio 1.75), HF hospitalization (18.5% vs 1.5%, absolute risk difference 17.0, risk ratio 12.33) and
non-HF hospitalization (72.9% vs 48.8%, absolute risk difference 24.1, risk ratio 1.49) (illustrated in Figure 2).

Patients diagnosed

with HF in X Dead in hospital
2011-2017 N:5,186
N: 76,095
!
v .
. . . Death within 120 days
All Danish citizens Patients alive after
. . N: 6,728
alive primo 2011 120 days
N: 5,602,899* N: 64,181

4
Patients who claimed
ACEi/ ARB and beta
blocker
N: 35,367

Patients not on ACEi/
ARB and beta blocker
N:28,814

Included HF patients and matched controls
Risk set matched 1:5 on birthyear and sex
N: 212,202

Figure | Selection of study population. *Potential matches - individuals from the background population could only be included as an actual match if they were free from
heart failure at the time of matching.
Abbreviations: ACEi, Angiotensin converting enzyme inhibitor; ARB, Angiotensin receptor blocker; HF, heart failure.
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Table | Baseline Characteristics of the Study Population

HF patients | Matched Controls

(35,367) (176,835)
Age, median (IQR) 71 (62-79) 71 (62-79)
Female sex, n (%) 12,204 (35) 61,020 (35)
Ischemic heart disease 15,766 (45) 8443 (5)
-Myocardial infarction 9342 (26) 2611 (I)
Atrial fibrillation 12,238 (35) 7550 (4)
Stroke 2879 (8) 6798 (4)
Diabetes 6922 (20) 16,616 (9)
Chronic obstructive pulm. dis. 3670 (10) 4333 (2)
Chronic renal failure 1235 (3) 1119 (1)
Cancer 2653 (8) 9063 (5)
ACEi/ ARB 35,367 (100) 54,300 (31)
-Sacubitril/ Valsartan 35 (0) 0 (0)
Beta-blocker 35,367 (100) 28,274 (16)
MRA 12,189 (34) 2514 (1)
Loop diuretics 23,157 (65) 11,687 (7)
Thiazide diuretics 4352 (12) 19,537 (I1)
Digoxin 6544 (19) 3075 (2)
Aspirin 19,632 (56) 33,378 (19)
Statin 21,806 (62) 48,635 (28)
Warfarin 8554 (24) 7631 (4)

Age-Stratified results

In the age-stratified analyses, illustrated in Figure 3, we observed that the five-year absolute risk of death increased
with increasing age, but this increase was faster within the HF population, resulting in an increasing absolute risk
difference with increased age (Figure 3a). This was observed for both men and women. The figure further illustrates
that due to the increase in absolute risk of death the relative risk decreases with increasing age. For example, for
women in their twenties, the excess risk was 7%, risk ratio 7.2, while the excess risk was 18%, risk ratio 1.5 for
women in their eighties. The figure also shows that for the part of the population under 65 years, the five-year
absolute mortality risk is higher among female HF patients than male patients. The risk of HF hospitalization was
relatively consistent in all ages, with a slight increase in risk from 65 years and up (Figure 3b). The excess risk of
non-HF hospitalization observed in the overall analysis persisted in all ages. The absolute risk difference was largest
among the younger patients, and both the absolute risk difference and the risk ratio decreased with increasing age
(Figure 3c).

Subgroups of Non-Cardiac Comorbidity

The overall findings of HF-associated excess risk of death and HF hospitalization were consistent regardless of baseline
comorbidity-status (Figure 4). For patients with HF, baseline comorbidity had minimal impact on the five-year absolute
risk of HF hospitalization. An excess risk of non-HF hospitalization was observed in all subgroups. This was found for
patients with and without diabetes and patients with and without cancer with a magnitude close to that for patients with
neither cancer nor COPD. The only comorbidity for which the excess risk of non-HF hospitalization was small was
COPD, as the hospitalization rates for patients with COPD without HF was high. Importantly, in the subgroups without
diabetes, COPD or cancer, respectively, the absolute risk differences for non-HF hospitalization were greater than for HF
hospitalization (Figure 4).
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Figure 2 Cumulative incidence of death from any cause (a), heart failure hospitalization (b) and non-heart failure hospitalization (c) for patients with heart failure (red lines)
and their matched controls (blue lines) and 5-year absolute risk differences for each outcome.

Hospitalizations

Among individuals who had at least one hospitalization (HF or non-HF hospitalization) during follow-up, the median
number of hospitalizations was 2 (Q1-Q3: 1-4) for patients with HF and 2 (Q1-Q3: 1-3) for matched controls —
a significant difference though, P <0.001, due to a different distribution with more patients with HF with a high amount
of hospitalizations. Number of days hospitalized was 9 (Q1-Q3: 3-24) for patients with HF and 7 (Q1-Q3: 2—-17) for
matched controls (P < 0.001). The median duration of a hospitalization was 3 days (Q1-Q3: 1-7) with no significant
difference between patients with HF and matched controls (P = 0.18).
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Figure 3 Age-stratified risk analyses. (a), above: Five-year absolute risk of death from any cause for patients with heart failure (red lines) and their matched controls (blue
lines) according to age for women and men respectively. Below, the corresponding absolute risk differences (green lines) and relative risk ratios (gray dotted lines) are
illustrated. (b and c): Five-year absolute risk of heart failure hospitalization (b) and non-heart failure hospitalization (c) for patients with heart failure (red lines) and their
matched controls (blue lines) according to age for women and men respectively.

Abbreviation: HF, heart failure.

Five-year mortality Five-year HF hospitalization Five-year non-HF hospitalization
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o o + L]
Diabetes o1 15.7 " 203 ol 18.5
" + + +
No diabetes " 11.8 " 16.0 ” 24.2
CcoPD ™ 123 4 16.4 " 8.6
ag ] g} ™
+ 4 +
No COPD ” 121 . 16.9 ; 24.4
L] + L]
Cancer ot 21.2 jod 14.6 o 179
+ + +
No cancer . 13.1 n 17.2 " 25.0
No cancer/ + + ¥
185 24.1
no COPD L 8.4 " b
T T T T T T T T T 1 T T T T T T T T T 1 T T T T T T T T T 1
0 20 40 60 80 100 0 20 40 60 80 1000 20 40 60 80 100

Absolutive five-year risk, %
—e— No heart failure —@— Heart failure

Figure 4 Five-year absolute risk of death from any cause (left), heart failure hospitalization (mid) and non-heart failure hospitalization (right) for patients with heart failure
(red dots) and their matched controls (blue dots) with 95% confidence intervals according to baseline comorbidity with the corresponding absolute risk difference for each

subgroup.
Abbreviations: COPD, chronic obstructive pulmonary disease; HF, heart failure.

Discussion
In this nationwide study, patients with HF who received an ACEi/ARB and beta-blocker 120 days after their first HF

diagnosis had significantly increased risk of death and HF hospitalization compared to age- and sex matched non-HF
individuals, in all age groups and regardless of sex and non-cardiac comorbidity. An increased risk of non-HF
hospitalization associated with HF was found in all ages, although declining with increasing age. The excess risk of non-
HF hospitalization was higher than the risk of HF hospitalization and was observed for patients with and without

diabetes, with and without cancer but was small among patients with concomitant COPD.
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Risk of Death and HF Hospitalization

We observed lower five-year mortality than in previous epidemiological studies."''* The reason for this is likely the
selection of patients surviving the initial vulnerable phase, presumably stabilized and initializing guideline directed
medical therapy. Compared to recent trial data, we observed a slightly higher mortality among the patients with HF, and
a slightly lower risk of HF hospitalization.'>'® An older population (median age 71 years compared to 64 years in
PARADIGM-HF and 66 years in DAPA-HF) likely explains this. Further, elevated natriuretic peptides or a recent HF
hospitalization as a criterion for participation in recent trials may explain the higher risk of HF (compared with other)
hospitalizations. In addition, patients who become asymptomatic (NYHA I) on diuretic therapy early after being
diagnosed will not be included in a randomized trial but may very well appear in the present study cohort.

We observed that the risk of death was strongly age-dependent with an S-shaped relation between the five-year absolute
risk of death and aging in the background population that was shifted upwards for patients with HF in an almost parallel
manner, so that the excess risk remained among the older patients. In fact, the five-year absolute risk difference increased with
increasing age. However, due to increasing absolute risk estimates in both groups, the relative risk ratio decreased with
increasing age. The HF-related risk increased most steeply between age 60 and 80, but still, a 60-year old male patient with HF
had the same mortality risk as a 75-year old without HF. For patients with HF, the absolute risk of HF hospitalization was close
to similar for men and women and relatively consistent in all ages with only a minor increase from 70 years and up.

The five-year absolute risks of death varied depending on comorbidity status at baseline, with the highest risks
observed in the subgroups of patients with COPD and cancer, respectively. The absolute risk difference in the cancer
subgroup was more pronounced than in the main analysis. It is likely that cancer complicated by HF reflects more severe
illness and that these patients are more often too fragile to undergo curative surgery and/ or chemotherapy. Neither COPD
nor cancer seemed to influence the risk of HF hospitalization for patients with HF at baseline, which could imply that the
excess risk of death in these subgroups are mainly non-cardiovascular.

For patients with diabetes, HF was also associated with a higher risk of death than in the main analysis. We further
observed a slightly increased five-year risk of HF hospitalization in the presence of diabetes. These associations suggest an
unfavorable synergetic interaction between diabetes and HF, which have been described previously both in population-based
studies and in trial populations.'”'® Besides diabetes being an independent risk factor for developing HF, some oral
antidiabetic agents have been associated with increased risk of HF hospitalization.'® In contrast, novel therapies like sodium
glucose co-transporters-2 inhibitors and glucagon-like-peptide-1 agonists have shown cardio protective properties.”’>> With
an expected more aggressive implementation of these drugs in the future, it seems likely that less patients with diabetes will
develop HF and that those who do will have less severe HF.

Risk of Non-HF Hospitalization

We observed an excess risk of non-HF hospitalization associated with HF regardless of age, sex and comorbidity. This
outcome has rarely been described in detail although it has been described that patients with HF are often hospitalized
due to comorbidity.”**’ However, the age-associated increase was more pronounced among the non-HF matches than
among patients with HF, resulting in a decreasing absolute risk difference with increasing age as opposed to the
association between aging and risk of death. Since hospitalizations due to some common non-cardiac conditions such
as renal failure and pneumonia are associated with impaired survival among patients with HF,”®** it would be highly
relevant to focus on non-HF hospitalization as a trial outcome alongside HF hospitalization, as it is likely that some of the
excess risk of death are mediated by non-cardiac incidents.*® However, since the risk of hospitalization — regardless of
HF — is relatively high, it could be informative to assess days spent in hospital rather than time-to-event analyses.

Perspectives

The most surprising findings of the present study were the excess risk of non-HF hospitalization associated with HF regardless
of the presence or absence of comorbidity. However, this is in line with an increasing proportion of death among patients with
HF being due to non-cardiac causes’’ and may confer a major challenge in attempting to reduce overall mortality further for
patients with HF. Further research is needed to assess how much of this excess risk is due to excess morbidity versus lowered
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threshold for admitting patients with known HF to hospital. Further, as a subject for future research, it remains unknown how
much a non-HF hospitalization contribute to subsequent mortality risk compared to a hospitalization due to worsened HF.
However, the findings underscore the importance of modifying/treating risk factors that may lead to HF. The excess risk of
death and HF hospitalization associated with HF persisted through all ages, which underscores the importance of attempting to
initiate and uptitrate medical therapy according to guidelines in elderly patients, as well as including elderly patients in
intervention trials. The age-dependent magnitude of absolute and relative risk associated with HF will help determine the
appropriate allocation of resources for HF.

Strengths and Limitations
The main strengths of the present study was the large sample size and completeness of data. Due to the Danish civil
registration system, individuals can only be lost to follow up if they leave the country.

The excess risk of mortality and hospitalization observed in this study was not solely due to HF. While we have
presented differences in baseline comorbidity and medicine, it is expected that there are similar differences in unmea-
sured risk factors such as obesity, alcohol, smoking, use of the health care and adherence to therapy for diabetes,
hypertension and/or ischemic heart disease. It has previously been described that the incidence of HF and subsequent

3132 \where cardiovascular risk

mortality is relatively high among individuals with low income and shorter education,
factors tend to accumulate.*> However, the purpose of this study was to describe the excess risk among patients with HF
rather than the excess risk caused by HF — as the latter would likely result in an overestimation.

Selecting patients who were in ACEi/ARB and beta-blocker therapy to identify HFTEF introduced a limitation in the
generalizability of the results. The method is associated with a sensitivity of 85%, meaning that we expect to have missed
15% of the patients with HFrEF.” It is likely that these patients were more frail than the average patient included, and
thus the results would have been affected by including them. Further stratification of the results based on clinical
parameters such as NYHA class, LVEF, coronary artery disease and kidney function would have been relevant.

Unfortunately, we did not have access to such data.

Conclusions

Regardless of age, sex and comorbidity, we observed that patients with HF had a significantly higher risk of death and
hospitalizations — HF and non-HF — compared to matched controls of same age and sex. The excess risk of death
increased with increasing age, whereas the relative risk diminished sharply. The excess risk of non-HF hospitalization
was bigger than the risk of HF hospitalization.

Abbreviations

ACEi, Angiotensin converting enzyme inhibitor; ARB, Angiotensin receptor blocker; COPD, chronic obstructive
pulmonary disease; HF, heart failure; HFrEF, heart failure with reduced ejection fraction; ICD-10, the International
Classification of Diseases 10" edition; LVEF, left ventricular ejection fraction; MRA, mineralocorticoid receptor
antagonist; NYHA, New York Heart Association classification system.
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