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Abstract

Background: Patients with heart failure (HF) have multiple co-existing comorbidities. The
temporal trends in the burden of comorbidities and associated risk of mortality among patients
with HF with preserved ejection fraction (HFpEF) and HF with reduced ejection fraction (HFrEF)
are not well-established.

Methods: HF related hospitalizations were sampled by stratified design from four US areas in
2005 to 2014 by the community surveillance component of the ARIC (Atherosclerosis Risk in
Communities) study. Acute decompensated HF was classified by standardized physician review
and a previously validated algorithm. An ejection fraction <50% was considered HFrEF. A total of
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15 co-morbidities were abstracted from the medical record. Mortality outcomes were ascertained
for up to 1-year post-admission, by linking hospital records with death files.

Results: A total of 5,460 hospitalizations (24,937 weighted hospitalizations) classified as acute
decompensated HF had available ejection fraction data (53% female, 68% white, 53% HFrEF,
47% HFpEF). The average number of comorbidities was higher for patients with HFpEF vs.
HFrEF, both for women (5.53 vs. 4.94, A<0.0001) and men (5.20 vs. 4.82, £<0.0001). There was a
significant temporal increase in the overall burden of co-morbidities, both for patients with HFpEF
(Women: 5.17 in 2005-2009 to 5.87 in 2010-2013; Men: 4.94 in 2005-2009 and 5.45 in 2010-
2013) and HFrEF (Women: 4.78 in 2005-2009 to 5.14 in 2010-2013; Men: 4.62 in 2005-2009
and 5.06 in 2010-2013, P-trend<0.0001 for all). Higher comorbidity burden was significantly
associated with higher adjusted risk of 1-year mortality, with a stronger association noted for
HFpEF [HR (95% CI) per 1-higher co-morbidity:1.19(1.14-1.25) vs. HFrEF [HR (95%Cl):
1.10(1.05-1.14); P-interaction by HF type = 0.02]. The associated mortality risk per 1-higher co-
morbidity also increased significantly over time for patients with HFpEF as well HFrEF (P-for
interaction with time =0.002 and 0.02 respectively)

Conclusion: The burden of comorbidities among hospitalized patients with acute
decompensated HFpEF and HFrEF has increased over time, as has its associated mortality risk.
Higher burden of comorbidities is associated with higher risk of mortality, with a stronger
association noted among patients with HFpEF vs. HFrEF.
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Introduction

Heart failure (HF) is increasing in prevalence, is associated with high morbidity and
mortality burden, and contributes substantially to the health care cost in the United States
and worldwide.1=3 Patients with HF have multiple co-existing conditions that contribute to
the impairment in functional status and excess risk of adverse clinical outcomes.*8 Recent
studies have reported an increasing prevalence of both cardiovascular and non-
cardiovascular comorbidities among patients hospitalized with HF.”: 8 Over the past few
decades, two distinct phenotypes of HF have been recognized, HF with preserved ejection
fraction (HFpEF) and HF with reduced ejection fraction (HFrEF).® While the incidence of
HFrEF has declined over the past few years, that of HFpEF continues to increase,
particularly among older hospitalized individuals.1%-12 Furthermore, compared with HFrEF,
HFpEF is more often burdened by excessive comorbidities.23 14 Thus, it is unclear whether
the temporal trends in comorbidities reflect increasing medical complexity of patients
hospitalized with acute HF, or an increasing predominance of HFpEF. Furthermore, the
temporal changes in the prognostic implications associated with higher co-morbidity burden
in HFpEF and HFrEF is not well known. This represents an important knowledge gap as
many comorbid conditions may be modifiable, presenting actionable areas for intervention
to improve outcomes in this high-risk patient population.
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Accordingly, in this study, we examined the temporal trends in the burden of different co-
morbidities in patients hospitalized with acute decompensated HFpEF and HFrEF using
community surveillance data captured by the Atherosclerosis Risk in Communities Study
(ARIC) study from 2005-2014. We also evaluated the temporal trends in the association
between the overall comorbidity burden and length of stay and risk of mortality among these
patients.

The data, analytic methods, and study materials will not be made available to other
researchers for purposes of reproducing the results or replicating the procedure.

The ARIC Study Community Surveillance

Since 2005, the ARIC study has conducted population-based retrospective surveillance of
hospitalized events in Forsyth County, North Carolina; Washington County, Maryland;
Jackson, Mississippi; and 8 northwest suburbs of Minneapolis, Minnesota. Surveillance
eligibility is restricted to residents 55 years of age or older, with a hospitalization spanning
at least one day and, for the purposes of our analysis, a discharge date between January 1,
2005 — December 31, 2014. Hospitalizations with any discharge codes for congestive heart
failure, rheumatic heart disease, hypertensive heart disease, acute cor pulmonale, chronic
pulmonary heart disease, cardiomyopathies, acute edema of lung, or dyspnea were randomly
sampled, using pre-specified sampling fractions within strata of ARIC communities, ICD-9
code (428.x or all other eligible codes), age (55-74, 75-84, or =85), sex, and race (black or
white).12 15 Surveillance activities were approved by local institutional review boards from
the 4 ARIC communities and all study data and materials are publicly available. Patient
consent was not required for surveillance because all personal identifiers were redacted.

Event adjudication

Hospitalized medical records indicating signs or symptoms of heart failure were fully
abstracted and reviewed by ARIC physicians, as previously described.1® Using standardized
criteria, hospitalizations were classified as definite acute decompensated HF, probable acute
decompensated HF, stable chronic heart failure, not heart failure, or unclassifiable; based on
diagnostic reports from the hospital record, physician notes, and discharge summaries. Acute
decompensated HF was differentiated from stable, chronic heart failure by evidence of new
onset or worsening signs or symptoms.15

Clinical data abstraction

Demographic and clinical data were abstracted from the medical record by certified study
personnel following a standardized protocol. The following clinical variables were routinely
abstracted from the medical record at all hospitals and throughout the study period: coronary
artery disease, peripheral artery disease, hypertension, pulmonary hypertension, atrial
fibrillation, stroke/transient ischemic attack (T1A), valvular heart disease, myocardial
infarction, body mass index, diabetes mellitus, serum creatinine, chronic obstructive
pulmonary disease (COPD), sleep apnea, depression, anemia, and thyroid disease. Although
myocardial infarction was included in the definition for coronary artery disease, it was also
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recorded as a separate clinical variable. Obesity was defined by abstracted height at
admission and weight at hospital discharge (defining obesity by a body mass index > 30
kg/m?2). Chronic kidney disease (CKD) was defined by receipt of hemodialysis or an
estimated glomerular filtration rate <45 mL/min/1.73 m2, using serum creatinine values and
the CKD Epidemiology Collaboration formula. However, serum creatinine was not
abstracted in 2014, limiting our analysis of CKD to 2005 — 2013. Anemia was defined by an
abstracted hemoglobin value < 11 g/dL. To minimize the effect of hemodilution on
laboratory values, we used the last value recorded over the course of hospitalization for
serum creatinine and anemia.

Heart failure type

Heart failure type was determined by the abstracted ejection fraction (EF), from either
inpatient diagnostic tests, or when absent, pre-admission imaging studies, as previously
reported.1? Heart failure with reduced ejection fraction (HFrEF) was identified by reported
EF < 50% and heart failure with preserved ejection (HFpEF) was identified by EF =50%.

Procedures and Therapies

Outcomes

Invasive cardiac procedures (e.g., coronary angiography, coronary artery bypass graft,
percutaneous coronary intervention) were abstracted from the medical record if performed
during the acute decompensated HF hospitalization or within 2 years prior to hospitalization.
Heart failure medications (e.g., beta blockers, angiotensin converting enzyme inhibitors and
angiotensin receptor blockers [ACEi / ARBs] were abstracted from the medical record if
administered prior to or during the hospital stay).

Length of stay was calculated by subtracting the admission date from the discharge date,
excluding transfers to and from another hospital. Mortality outcomes were ascertained for up
to 1-year post-admission, by linking hospital records with death files.

Statistical Analysis

Statistical tests and models accounted for the stratified sampling design and were weighted
by the inverse of the sampling probability (13). Continuous variables were assessed for
normality and compared using the difference in least square means from weighted linear
regression. Categorical variables were compared using Rao-Scott Xz tests. Baseline
characteristics of the study participants were stratified by sex and HF type and presented
within half-decades. Temporal trends in comorbidities were visualized by plotting annual
prevalence across 2005-2014, stratified by sex and by HF type, with trend lines fit by 2
order polynomials. Significance of temporal trends was derived from logistic regression,
constructing separate models for each comorbidity and regressing on year of admission.
Differences in temporal trends were compared between patients with HFrEF vs. HFpEF by
testing the multiplicative interaction of HF type and year of admission. Comorbidity burden
(number of comorbidities per patient) was quantified for patients with complete abstractions
for all 15 comorbidities and was limited to hospitalizations from 2005-2013 because serum
creatinine was not abstracted in 2014. A total of 15, rather than 16 co-morbidities was
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considered to assess overall co-morbidity burden because myocardial infarction was
included in the definition of coronary artery disease. Associations between individual and
total number of comorbidities with all-cause mortality at 28-days and 1 year of
hospitalization were analyzed using Cox regression, with follow up time administratively
censored at the end of each study interval. Models were stratified by sex, HF type, and half-
decade and adjusted for age, race, sex, year of admission and hospital of admission.
Modification of mortality outcomes by HF type was tested by the multiplicative interaction
between HF type and number of comorbidities. As a sensitivity analysis, we also examined
the 1-year mortality associated with total number of “primary” risk factors for HF
(hypertension, obesity, diabetes, chronic kidney disease, chronic obstructive pulmonary
disease, sleep apnea, depression, anemia, and thyroid disease), and total number of co-
existing cardiovascular conditions (coronary artery disease, peripheral artery disease, atrial
fibrillation, valvular heart disease, pulmonary hypertension, and stroke / transient ischemic
attack). As with the main analysis, mortality models were adjusted for age, race, sex, year of
admission, and hospital of admission. Analyses were performed using SAS version 9.4 (SAS
Institute Inc., Cary, North Carolina, USA) and two-sided P-values < 0.05 were considered
statistically significant.

From 2005 — 2014, a total of 22,805 hospitalizations were sampled among patients identified
as white or black. Of these, 8914 were classified as definite or probable acute
decompensated HF. Echocardiography was increasingly utilized from 2005-2014, for both
sexes (P for annual trends <0.0001 for both, P for interaction by sex = 0.8); Supplemental
Figure 1. Patients lacking echocardiography had a higher burden of comorbidities; however,
the temporal changes in annual comorbidity prevalence paralleled those of patients with
echocardiography, with no significant difference in comparisons of temporal trends.
(Supplemental Table 1). We excluded 461 hospitalizations due to missing 28-day or 1-year
mortality outcomes. Of the remaining 8453 patients classified with acute decompensated
HF, 5460 (65%) had available ejection fractions abstracted from in-hospital
echocardiography reports and were included in our analysis.

After applying the sampling weights, the 5460 patients with available echocardiography
corresponded to 24,937 weighted hospitalizations for acute decompensated HF. All
subsequent results are weighted by the sampling fraction. Overall, 53% of our study
population was female, 68% were white, and the mean age was 75 years. Approximately
half were classified with HFrEF (53%), while 47% were classified as HFpEF. Patients with
HFpEF (vs. HFrEF) were older and more often white. Over time, the proportion of women
increased among patients with HFrEF but decreased among those HFpEF, while other
demographic distributions were largely unchanged (Supplemental Figure 2).

Overall comorbidity burden in women and men with HFpEF vs. HFrEF

A total of 16,594 of the 21,866 patients (76%) hospitalized from 2005-2013 had all 15
comorbidities of interest abstracted from the medical record. Serum creatinine was not
collected in 2014; abstractions for other comorbidities were missing at random. The average
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number of comorbidities was higher for patients with HFpEF vs. HFrEF, both for women
(5.53 vs. 4.94, P<0.0001) and men (5.20 vs. 4.82, P=<0.0001). Among women, there was
a significant temporal increase in the overall burden of co-morbidities, both for patients with
HFpEF (5.17 in 2005-2009 to 5.87 in 2010-2013, P for annual trend <0.0001) and HFrEF
(4.78 in 2005-2009 to 5.14 in 2010-2013, Pfor annual trend <0.0001). A similar pattern
was observed in men, with a modest, statistically significant increase in the average number
of comorbidities over time for patients with HFpEF (4.94 in 2005-2009 and 5.45 in 2010-
2013, Pfor annual trend <0.0001) as well as HFrEF (4.62 in 2005-2009 and 5.06 in 2010—
2013, Pfor annual trend <0.0001).

Temporal trends in the prevalence of individual comorbidities in women with acute
decompensated HFpEF vs. HFrEF

When aggregated across 2005-2014, women hospitalized with HFpEF had a lower
prevalence of coronary artery disease than those with HFrEF, but a higher prevalence of
other comorbidities such as atrial fibrillation, stroke/TIA, valvular heart disease, pulmonary
hypertension, obesity, COPD/bronchitis, sleep apnea, and anemia (Table 1). Across the study
period, the annual prevalence of atrial fibrillation, valvular heart disease, and sleep apnea
increased for both HF types, yielding parallel trends with statistical comparisons suggesting
no interaction by HF type (Table 1, Figures 1 and 2). The annual prevalence of coronary
artery disease and hypertension declined over time for women with HFrEF, while remaining
stable for those with HFpEF. Obesity, pulmonary hypertension, and depression became
increasingly more prevalent for women with HFpEF with no significant change in annual
prevalence among those with HFrEF; however, comparisons of temporal trends for women
with HFpEF vs. HFrEF differed significantly only for pulmonary hypertension. The annual
prevalence of other comorbidities such as peripheral artery disease, stroke/TIA, diabetes,
CKD, COPD, thyroid disorders did not significantly change over time for women with either
HF subtypes (Table 1, Figures 1 and 2)

Temporal trends in the prevalence of individual comorbidities in men with acute
decompensated HFpEF vs. HFrEF

Men hospitalized with HFpEF had a lower prevalence of coronary artery disease than those
with HFrEF, when aggregated across 2005-2014. In contrast, the prevalence of obesity,
COPD/bronchitis, sleep apnea, and anemia were significantly higher in patients with HFpEF.
There was no significant difference in the aggregate prevalence of other comorbidities such
as hypertension, diabetes, atrial fibrillation, chronic kidney disease, or depression among
men with HFpEF vs. HFrEF (Table 2). Across the study period, the annual prevalence of
atrial fibrillation, sleep apnea, and anemia significantly increased for both HF types, while
the annual prevalence of coronary artery disease decreased (Table 2, Supplemental Figures 3
and 4). Although the annual prevalence of hypertension and obesity increased only for men
with HFrEF, comparisons of temporal trends did not suggest significant interaction by HF
type. In contrast, the annual prevalence of depression and valvular heart disease increased
significantly more over time for men with HFpEF relative to those with HFrEF, with
significant interaction by HF type. The annual prevalence of other comorbidities such as
stroke/TIA, diabetes, CKD, and thyroid disorders did not change over time among men with
either HF subtype.
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Coronary Revascularization and Therapies

Outcomes

Patients with HFrEF more often had history of coronary revascularization by coronary artery
bypass graft surgery or percutaneous coronary intervention than patients with HFpEF, both
in the overall sample and when stratified by sex (Supplemental Figure 5). The annual
proportion of patients with history of percutaneous coronary intervention increased over
time for women (P for annual trend = 0.005) but remained stable for men (2 for annual trend
= 0.7). When stratified by HF type, the annual proportion of patients with history of
percutaneous coronary intervention increased with marginal significance (HFpEF: P for
annual trend = 0.1, HFrEF: Pfor annual trend = 0.06). From 2005-2014, there was an
overall increase in administration of beta blockers (Pfor annual trend = 0.01), which did not
differ by HF type (P for interaction = 0.8). Conversely, there was an overall decrease in
administration of ACEi / ARB (P for annual trend <0.0001), which was not modified by HF
type (P for interaction = 0.8). Similar trends were also observed when stratified by sex
(Supplemental Figure 6).

The overall mean length of hospital stay was 8 days. A total of 1635 patients died while in-
hospital, 2576 died within 28 days of hospitalization and 7,777 died within a year. Women
hospitalized with HFrEF had longer hospitalizations than those with HFpEF (9 vs. 8 days,
P=0.03) and a higher incidence of in-hospital (8% vs. 5%; P=0.01), 28-day (12% vs. 9%;
P=0.05), and 1-year mortality (32% vs. 29%; P=0.08). Mean length of stay was comparable
for men with HFrEF vs. HFpEF (9 days each; £=0.6), as was in-hospital mortality (7% vs.
5%; P=0.09) and death within 28-days (10% for both; £=0.7) and 1-year (32% for both;
P=0.9).

Association between comorbidity burden and outcomes in patients with acute
decompensated HFpEF vs. HFrEF

Higher comorbidity burden was significantly associated with 28-day mortality among
patients with HFpEF (HR = 1.19; 95% CI: 1.10 — 1.29) but not HFrEF (HR = 1.07; 95% ClI:
0.99 - 1.16; Pfor interaction by HF type = 0.1). This pattern of association with 28-day
mortality was consistent across both sexes and throughout the study period (Supplemental
Table 2). Within 1 year of hospitalization, higher number of comorbidities was significantly
associated with greater adjusted risk of mortality for both HF subtypes, with a stronger
association noted for HFpEF vs. HFrEF. With each additional comorbidity, the 1-year
mortality risk increased by 19% for patients with HFpEF (HR = 1.19; 95% CI: 1.14 — 1.25),
and by 10% for patients with HFrEF [(HR = 1.10; 95% CI: 1.05 — 1.14); Pfor interaction by
HF type = 0.02]. Among women, the association between increasing comorbidity burden
and risk of 1-year mortality was stronger with HFpEF [HR (95% CI) per 1 higher
comorbidity = 1.19 (1.12 — 1.26)], compared to HFrEF = [HR = 1.07 (1.00 — 1.15)], Pfor
interaction by HF type = 0.02. In contrast, the association was comparable among men,
irrespective of HF type [HR (95% CI) per 1 higher comorbidity in patients with HFpEF =
1.18 (1.08 — 1.28) vs. HR = 1.13 (1.07 — 1.19) among patients with HFrEF], P for interaction
by HF type = 0.4, (Figure 3). Across the study period, the 1-year risk of mortality associated
with co-morbidity burden increased significantly for patients with HFpEF (HR of mortality
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per 1 higher comorbidity = 1.07 (95% CI: 0.99 — 1.16) in 2005-2009 vs. 1.26 (95% CI: 1.19
—1.34) in 2010-2013); Pfor interaction by half-decade = 0.002. A similar association was
observed in patients with HFrEF (HR of mortality per 1 higher comorbidity = 1.06 (95% ClI:
0.99 — 1.12) in 2005-2009 vs. 1.15 (95% CI: 1.09 — 1.22) in 2010-2013; Pfor interaction by
half-decade = 0.02).

Individual comorbidities and mortality risk

Associations between individual comorbidities and 1-year all-cause mortality among
patients with HFpEF and HFrEF are shown in Table 3. The presence of comorbidities such
as peripheral artery disease, atrial fibrillation, stroke/TIA, valvular heart disease, pulmonary
hypertension, CKD, COPD, depression, anemia, and thyroid disorder was associated with
higher hazards of 1-year mortality, after adjustment for age, sex, race, year of admission and
hospital of admission. Mortality hazards were largely comparable by HF type, with the
exception of atrial fibrillation and sleep apnea, which were associated with stronger risk of
death in patients with HFpEF. When stratified by sex, individual comorbidities were
associated with similar mortality risks for HFpEF and HFrEF among women. However,
among men, significant modification by HF type was observed, with atrial fibrillation and
valvular heart disease associated with stronger mortality risks in male patients HFpEF
compared to HFrEF (Supplemental Table 3).

Trends in primary HF risk factor burden and co-existing cardiovascular conditions

On average, patients with HFpEF had a higher number of primary HF risk factors (out of 9
possible comorbidities) than patients with HFrEF (3.85 vs. 3.29; £< 0.0001), but the mean
number of co-existing cardiovascular conditions (out of 6 possible comorbidities) was
similar (1.58 vs. 1.59; P=0.7). Over time, the mean number of primary HF risk factors
increased from 2005-2009 to 2010-2013, both for HFpEF (3.61 to 4.07; Pfor annual trend
<0.0001) and for HFrEF (3.14 to 3.47; Pfor annual trend <0.0001). The average number of
co-existing cardiovascular conditions also increased from 2005-2009 to 2010-2014 for
patients with HFpEF (1.46 to 1.64; P for annual trend = 0.005) but did not significantly
change for those with HFrEF (1.54 to 1.62; P for annual trend = 0.6), Supplemental Figure
7. Burden of primary HF risk factors was associated with increased 1-year mortality risk,
both for HFpEF (HR per 1 higher risk factor = 1.23; 95% CI: 1.15 — 1.31) and for HFrEF
(HR per 1 higher risk factor = 1.14; 95% ClI: 1.08 — 1.21); Pfor interaction by HF type =
0.2. In contrast, the association between burden of cardiovascular manifestations and 1-year
mortality differed significantly by HF type, yielding a HR per 1 higher cardiovascular
manifestation of 1.20 (95% ClI: 1.13 — 1.28) for patients with HFpEF vs. 1.08 (95% CI: 1.02
— 1.15) for patients with HFrEF; P for interaction by HF type = 0.01.

Discussion

In this community-based surveillance of approximately 25,000 weighted hospitalizations for
acute decompensated HF spanning 2005-2014, there were several important findings. First,
the burden of comorbidities has increased over time among patients with HFpEF and HFrEF,
with a higher burden noted among those with HFpEF. Second, a greater burden of
comorbidities is associated with significantly higher risk of 1-year mortality for both HFpEF
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and HFrEF, with significant sex differences. The associations between co-morbidity burden
and risk of 1-year mortality was stronger for women with HFpEF vs. HFrEF and comparable
across both HF subtypes in men. Third, the 1-year mortality risk associated with
comorbidity burden increased significantly over time, both for patients with HFrEF and
HFpEF. Finally, mortality risks associated with individual co-morbidities were comparable
across HF subtypes, with the exception of atrial fibrillation and sleep apnea which were
more strongly associated with mortality in patients with HFpEF. Taken together, our study
findings provide insights into the distinct temporal trends and prognostic implications of
overall and individual comorbidities in patients with acute decompensated HFpEF and
HFrEF.

Prior studies have demonstrated a high burden of comorbidities in patients with chronic
stable HF.5: 13. 14, 16 Consistent with our observations, an analysis from a national
ambulatory cohort of Veterans with HF13 demonstrated higher burden of comorbidities in
patients with HFpEF vs. HFrEF. More recently, Sharma et al.8 observed a temporal increase
in the burden of comorbidities among patients hospitalized with acute HF in the Get with
The Guidelines®-Heart Failure (GWTG-HF) cohort. Similarly, a recent population-based
study in the United Kingdom demonstrated that the number of comorbidities associated with
HF has increased steadily over time, from a mean of 3.4+1.9 in 2002 to 5.4+2.5 in 2014.7
Our study adds to these observations by evaluating contemporary trends stratified both by
sex and by HF type. We observed a significant temporal increase in the comorbidity burden
and its associated mortality risk, both for patients with HFpEF and HFrEF; findings which
highlight the growing complexity of the clinical management of patients with acute
decompensated HF over time.

When analyzed individually, a significant temporal decline in the prevalence of CAD was
observed among men and women with both HF subtypes. Although CAD and prior
myocardial infarction are well-established risk factors for HFrEF,17-19 recent studies have
also implicated CAD as a significant risk factor for HFpEF, with a comparable association to
HFrEF.18 20 Consistent with our observations, prior studies have reported the prevalence of
CAD in patients with HFpEF in the range of 40-50%.% 21 The decline in CAD burden noted
in our study is consistent with an overall decline in the atherosclerotic cardiovascular
diseases in the general population.22 We also noted a concomitant increase in the burden of
non-atherosclerotic comorbidities such as atrial fibrillation, sleep apnea, and anemia across
both HF subtypes. This highlights the evolving epidemiology of HF in the contemporary era
with a gradual but significant shift from an ischemic etiology HF to multimorbidity-related
HF.

Several factors may underlie the increasing burden of comorbidities in patients with acute
decompensated HF. These include the aging population, greater use of screening and
diagnostic tests for co-morbid conditions in the clinical practice, greater physician awareness
of the non-cardiovascular comorbidities that play an important role in clinical
decompensation of patients with HF, particularly HFpEF, changes in administrative coding
practices with expansion of secondary diagnoses codes by Medicare,23 and evolution in the
risk factors for HF, particularly HFpEF. Future studies are needed to better understand the
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extent to which these factors contribute to the growing multimorbidity in acute
decompensated HFpEF and HFrEF.

We also observed that greater burden of comorbidities was associated with higher risk of
mortality in patients with acute decompensated HF. This is consistent with the prior
literature in patients with chronic stable HF.13: 16. 24,25 More recently, Sharma et al.8
demonstrated a significant association between the number of comorbidities and risk of
mortality among hospitalized patients with acute decompensated HF from the GWTG-HF
registry. Similar findings were also observed in a recent secondary analysis of the ASCEND
trial.26 Findings from the present study add to the existing literature by demonstrating
distinct temporal patterns in the association between comorbidity burden and risk of 1-year
mortality among patients with acute decompensated HF, with a stronger association noted in
the latter part of the study period. Furthermore, the association between higher co-morbidity
burden and 1-year mortality risk was modified by HF type with a stronger association
observed among patients with HFpEF than HFrEF. These temporal trends highlight the
worsening complexity of acute decompensated HF patients and the detrimental long-term
prognostic effects of increasing multimorbidity, particularly among patients with HFpEF
who lack effective therapies to improve clinical outcomes.®

We also observed that the association between co-morbidity burden and 1-year mortality risk
for patients with HFpEF vs. HFrEF differed across sexes. Among women, increasing
number of co-morbidities was more strongly associated with risk of 1-year mortality for
HFpEF vs. HFrEF. In contrast, among men the risk of mortality associated with increasing
co-morbidity burden was comparable for both HF subtypes. These sex differences in the
prognostic implications of co-morbidity burden across HF subtypes may be related to
several factors. First, we observed important differences in the prevalence of specific co-
morbidities among patients with HFpEF vs. HFrEF across sexes. The prevalence of the
majority of co-morbidities (11 out of 16) assessed in our study were comparable among men
with HFpEF vs. HFrEF. In contrast, women had more prominent differences in the
prevalence of specific co-morbidities across the two HF subtypes. Particularly, the burden of
prognostically relevant conditions such as atrial fibrillation, pulmonary hypertension, and
valvular heart disease was higher in women with HFpEF vs. HFrEF and comparable among
men across the two HF subtypes. Previous studies have reported clinically meaningful sex
differences in the pathophysiology and epidemiology of HF, particularly HFpEF, which may
modify the observed adverse effects of increasing co-morbidity burden. 2730 Future studies
are needed to better understand the biological mechanisms that may drive the observed sex
differences in mortality risk associated with HFpEF vs. HFrEF.

In addition to the overall co-morbidity burden, the present study also adds to the existing
literature by evaluating the association of specific co-morbidities with risk of 1-year
mortality among patients with HFpEF and HFrEF. Consistent with prior literature, co-
morbidities such as pulmonary hypertension, peripheral arterial disease, valvular disease,
chronic kidney disease, depression, and anemia were significantly associated with higher
risk of mortality across both HF subtypes.13: 14. 25,31 An obesity paradox was also observed,
with lower risk of mortality among obese vs. overweight patients, particularly for obese
class I patients with HFpEF. It is noteworthy that atrial fibrillation and sleep apnea were
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associated with higher risk of mortality in patients with HFpEF but not HFrEF. Consistent
with our observation, prior observations from European cohorts of patients with HF (HF
long-term registry of the European Society of Cardiology) have also demonstrated a stronger
association between atrial fibrillation and risk of mortality among patients with HFpEF vs.
HFrEF.32 33 Treatment of sleep apnea has also been shown to have a more favorable effect
on clinical outcomes in patients with HFpEF vs. HFrEF.34 Taken together, these findings
highlight the prognostic significance of these specific co-morbidities among patients
hospitalized with acute decompensated HFpEF and HFrEF.

Our observations from the ARIC study community surveillance have important clinical and
public health implications. The overall prevalence of HF, particularly HFpEF, continues to
increase in the community.12 An important aspect of this is the accompanied and increasing
co-morbidity burden of the aging population. Findings from our study provide important
insight into the temporal trends in the prevalent co-morbidities and their impact on long-term
outcomes. Specifically, we observed a shift from ischemic etiology HF to multimorbidity HF
over time, particularly among patients with HFpEF. The patterns of risk factor and co-
morbidity burden observed in our study supports the notion that clinical HFpEF may not be
related to a single cardiac disease but is rather a manifestation related to chronic
microvascular dysfunction across multiple organ systems.3° This highlights the importance
of considering individual and overall comorbidity burden in guiding the management
decisions for HF. Along these lines, aggressive management of co-morbid conditions such as
anemia3®, sleep apnea34, atrial fibrillation3”, and obesity38 have been shown to reduce the
burden of HF hospitalization and mortality in small RCTs and observational studies.
Moreover, holistic approaches targeting multi-morbidity burden have also been proposed to
improve outcomes of patients with HF, particularly in older patients with higher co-
morbidity burden.39-41

The ARIC study community surveillance has several important strengths. These include the
large sample of patients with clinically adjudicated acute decompensated HF,
hospitalizations spanning a 10-year period in 4 geographically diverse regions of the US,
standardized medical record abstractions of clinical data and prevalent comorbidities by
certified abstractors, and ascertainment of mortality outcomes from the national death index.
Certain limitations to our study are also noteworthy. First, longitudinal outcomes other than
vital status were not available in the in the community surveillance component of the ARIC
study. As a result, we cannot examine the association of comorbidity burden with future
clinical events such as HF hospitalization or cause-specific deaths during follow-up. Second,
the ARIC study community surveillance excludes individuals <55 years of age, limiting
generalizability to younger patients. However, prior studies from Swedish HF registry have
demonstrated that HF events in younger individuals constitute a very small fraction of the
overall HF burden in the community (~4% of all HF cases).*? Similarly, in the US, the
proportion of patients hospitalized with HF who are less than 45 years of age is 3%.43
Consequently, the inclusion of younger individuals with HF would only have a modest
impact on the observed temporal trends in co-morbidity burden and its association with risk
of mortality among all patients with HF. Third, we were unable to consider outpatients with
HF since the focus of the ARIC study community surveillance is hospitalized acute
decompensated HF. The diagnosis of clinical HF in the outpatient setting is challenging and
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not consistently captured in most population studies.*4 A future research direction, possibly
incorporating the 5% Medicare beneficiaries sample, could evaluate differences in co-
morbidity burden among hospitalized vs. outpatient HF patients. Fourth, echocardiographic
assessment of ejection fraction was only available in 65% of the study population and thus,
the observed trends are prone to selection bias. However, the proportion of patients with
available EF data is similar to that reported in other studies. Furthermore, we did not observe
any meaningful differences in the temporal trends in co-morbidities among patients with vs.
without echocardiographic assessment. Finally, our analysis was limited to data abstracted
from the medical record, and we do not have data on some co-morbidities such as cancer.
Furthermore, we do not have information concerning the severity and management of
comorbidities, limiting our ability to evaluate whether optimal management may modify the
mortality risk.

Conclusion

In conclusion, we observed an increasing burden of comorbidities among patients with
hospitalized acute decompensated HFpEF and HFrEF over time. The heightened mortality
risk associated with higher burden of comorbidities was stronger for patients with HFpEF
vs. HFrEF, and in the more recent relative to earlier years of the study surveillance period.
Future studies are needed to assess whether optimal management of comorbid conditions
over time may lower the risk of adverse outcomes in patients with HF, particularly HFpEF.
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Clinical Perspective
What is new

. This analysis of the community surveillance component of the ARIC
(Atherosclerosis Risk in Communities) study demonstrated a significant
increase in the burden of co-morbidities among hospitalized patients with
HFpEF as well as HFrEF across both sexes.

. Higher number of co-morbidities was associated with higher risk of 1-year
mortality, with a stronger association noted among patients with HFpEF vs.
HFrEF

. The 1-year mortality risk associated with increasing co-morbidity burden has

also increased over time.
What are the clinical Implications:

. Our study findings demonstrate a shift from ischemic etiology HF to
multimorbidity HF over time, particularly among patients with HFpEF.

. This highlights the importance of holistic approaches targeting multi-
morbidity burden in guiding the management of patients with acute
decompensated HF.
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Figure 1:

Annual prevalence of cardiovascular comorbidities among women hospitalized with acute
decompensated heart failure in 2005-2014, stratified by heart failure with preserved vs.
reduced ejection fraction. The community surveillance component of the Atherosclerosis
Risk in Communities Study (ARIC).
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Figure 2:

Annual prevalence of non-cardiovascular comorbidities among women hospitalized with
acute decompensated heart failure in 2005-2014, stratified by heart failure with preserved
vs. reduced ejection fraction. The community surveillance component of the Atherosclerosis
Risk in Communities Study (ARIC).
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1-Year Mortality

Overall
HFpEF
HFrEF

Women
HFpEF
HFrEF

Men
HFpEF
HFrEF

HFpEF
2005-2009
2010-2013

HFrEF
2005-2009
2010-2013

Decrement in mortality risk <

Hazard Ratio (95% CI)
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Interaction P
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Figure 3:

2

Increment in 1-year mortality hazard ratio per 1-higher comorbidity among patients
hospitalized with acute decompensated heart failure, stratified by heart failure type. The
community surveillance component of the Atherosclerosis Risk in Communities (ARIC)

study, 2005-2013*

*Footnote: models adjusted for age, race, sex, year of admission, and hospital of admission
HFpEF = heart failure with preserved ejection fraction, HFrEF = heart failure with reduced

ejection fraction
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Hazard ratios of 1-year all-cause mortality associated with individual comorbidities among patients
hospitalized with acute decompensated heart failure, stratified by heart failure type. The community
surveillance component of the Atherosclerosis Risk in Communities study, 2005-2014 ",

Table 3:

Comorbidity

HFpEF
HR (95% CI)

HFrEF
HR (95% CI)

Interaction by HF type

P-value

Coronary artery disease
Myocardial infarction
Peripheral artery disease
Hypertension
Atrial fibrillation
Stroke / TIA
Valvular heart disease
Pulmonary hypertension
Obesity (BMI 230)
Obesity categories

BMI <30

BMI 30-35

BMI (BMI =35)
Diabetes mellitus
Chronic kidney disease
Chronic bronchitis / COPD
Sleep apnea
Depression
Anemia

Thyroid disease

1.13 (0.96 — 1.34)
1.05 (0.86 — 1.29)
1.33 (1.06 - 1.68)
0.85 (0.66 — 1.04)
1.34 (114 - 1.57)
1.40 (1.16 — 1.69)
1.27 (1.06 — 1.53)
142 (117-1.72)
0.88 (0.73 - 1.06)

ref.
0.76 (0.60 — 0.98)
1.00 (0.80 — 1.24)
1.09 (0.92 - 1.29)
1.58 (1.29 — 1.95)
1.42 (1.20 - 1.68)
1.19 (0.95 - 1.50)
1.51 (1.25 - 1.84)
1.70 (1.43 - 2.01)
1.37 (1.14 - 1.66)

0.97 (0.84 - 1.12)
1.02 (0.88 — 1.19)
143 (1.19-1.72)
1.11 (0.89 - 1.38)
0.97 (0.83 - 1.13)
1.13 (0.95 — 1.34)
1.19 (1.01 - 1.40)
1.26 (1.03 — 1.54)
0.90 (0.76 - 1.07)

ref.
0.94 (0.77 - 1.16)
0.85 (0.66 — 1.09)
1.07 (0.93 - 1.23)
1.69 (1.41-2.02)
1.28 (1.09 — 1.49)
0.89 (0.68 — 1.16)
1.38 (1.14 - 1.68)
1.60 (1.40 — 1.84)
1.12 (0.93 - 1.36)

0.1
0.7
0.7
0.08
0.003
0.1
0.6
0.5
1.0
0.2

0.9
0.6
0.3
0.03
0.6
0.8
0.2

*
Footnote: models adjusted for age, race, sex, year of admission, and hospital of admission. Definition of coronary artery disease include

myocardial infarction. Chronic kidney disease not abstracted in 2014.

Abbreviations: HFpEF = heart failure with preserved ejection fraction, HFrEF = heart failure with reduced ejection, HF = heart failure
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