1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
Circ Heart Fail. Author manuscript; available in PMC 2019 December 01.

-, HHS Public Access
«

Published in final edited form as:
Circ Heart Fail. 2018 December ; 11(12): e004873. doi:10.1161/CIRCHEARTFAILURE.117.004873.

National Burden of Heart Failure Events in the United States,
2006-2014

Sandra L. Jackson, PhD, MPH1, Xin Tong, MPH1, Ray King, PhD, MScl, Fleetwood
Loustalot, PhD, FNP1, Yuling Hong, MD, PhD!, and Matthew D. Ritchey, PT, DPT, OCS, MPH1
IDivision for Heart Disease and Stroke Prevention, National Center for Chronic Disease
Prevention and Health Promotion, Centers for Disease Control and Prevention, Chamblee GA

Abstract

Background: Heart failure (HF), a serious and costly condition, is increasingly prevalent. We
estimated the US burden including emergency department (ED) visits, inpatient hospitalizations
and associated costs, and mortality.

Methods and Results: We analyzed 2006-2014 data from the Healthcare Cost and Utilization
Project’s (HCUP) Nationwide ED Sample, the HCUP National (Nationwide) Inpatient Sample,
and the National Vital Statistics System. ICD codes identified HF and comorbidities. Burden was
estimated separately for ED visits, hospitalizations, and mortality. In addition, criteria were
applied to identify total unique acute events. Rates of “primary HF” (primary diagnosis or
underlying cause of death) and “comorbid HF” (comorbid diagnosis or contributing cause of
death) were calculated, age-standardized to the 2010 US population. In 2014, there were an
estimated 1,068,412 ED visits, 978,135 hospitalizations, and 83,705 deaths with primary HF.
There were 4,071,546 ED visits, 3,370,856 hospitalizations, and 230,963 deaths with comorbid
HF. Between 2006-2014, the total unique acute event rate for primary HF declined from 536 to
449 per 100,000 [Relative percent change (RPC) of —16%, p for trend <0.001], but increased for
comorbid HF from 1,467 t01,689 per 100,000 (RPC 15%, p for trend<0.001). HF-related mortality
decreased significantly from 2006-2009 but did not change meaningfully after 2009. For
hospitalizations with primary HF, the estimated mean cost was $11,552 in 2014, totaling an
estimated $11 billion.

Conclusions: Given substantial healthcare and mortality burden of HF, rising healthcare costs,
and the aging US population, continued improvements in HF prevention, management, and
surveillance are important.
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Introduction

Methods

In the United States, heart failure (HF) affects approximately 6.5 million adults,! and
lifetime risk of HF is estimated to be one in five at age 40.2 Incidence of HF increases with
age, and HF prevalence in the aging US population is projected to increase 46% between
2012 and 2030.3 Older adults diagnosed with HF have a 5-year mortality approaching 50%.
4.5 Total direct medical costs of HF were estimated at $30.7 billion in 2012, and are
projected to increase by nearly 127% to $69.7 billion by 2030.3

Evidence-based interventions exist to prevent or manage HF, yet suboptimal care has been
cited as a reason for poor HF-related outcomes in the US.8 For example, despite many HF
hospitalizations being considered preventable,® HF is the leading cause of hospitalization
among older adults and Medicare beneficiaries with HF have the highest readmission rate of
any condition.” In response, reducing preventable hospitalizations has been made a national
priority. This includes creating the Hospital Readmission Reduction Program (HRRP)
through the enactment of the Patient Protection and Affordable Care Act in 2010.8: 9
Effective October 1, 2012, the HRRP requires CMS to reduce payments to hospitals with
excess readmissions for certain conditions, including HF.10

Although HF has considerable health and economic impact, and reducing the burden of HF
hospitalizations has been the focus of legislative, policy, and public health attention, there is
no comprehensive national surveillance system to track HF-related healthcare and mortality
burden across all ages and all health insurance provider types in the United States. The
purpose of this study was to address this surveillance gap using national Healthcare Cost and
Utilization Project (HCUP) and National Vital Statistics System data from 2006-2014.
Specifically, we aimed to describe the burden of HF in emergency department (ED) visits,
inpatient hospitalizations and costs, and mortality, including both primary HF events and
events in which HF was listed as a comorbidity.

Using data from the HCUP Nationwide Emergency Department Sample (NEDS), the
National (Nationwide) Inpatient Sample (NIS), and the National Vital Statistics System
(NVSS), this cross-sectional study examined ED visits, hospitalizations, and deaths,
respectively, during 2006—-2014. The largest all-payer ED database in the US, the NEDS
includes data from approximately 30 million annual discharges across 950 hospitals in 30
states. These data approximate a 20% stratified sample of US hospital-based EDs, and are
weighted to produce national estimates.1! The NIS includes data from over 7 million
hospitalizations annually, and is the largest publicly-available all-payer inpatient healthcare
database in the US. Data approximate a 20% stratified sample of discharges from US
community hospitals (including teaching hospitals, but excluding rehabilitation and long-
term acute care hospitals), and are weighted to produce national estimates of
hospitalizations.12 The NIS was re-designed in 2012, and the Agency for Healthcare
Research and Quality (AHRQ) developed trend weights to make estimates comparable for
data prior to 2012. Created by the National Center for Health Statistics, the NVSS collects
data from death certificates filed in every US state and the District of Columbia.13 All events
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for US adults aged =18 years were included. The data used are publicly available to other
researchers, and analytic methods will be shared upon request for the purpose of
reproducing results.

Conditions of interest were identified by applying adapted Clinical Classification Software
(CCS) codes, created by AHRQ (Supplemental Table 1). HF was defined using the CCS
code 108 [excluding International Classification of Disease (ICD)-9 Clinical Modification
code 398.91; Rheumatic HF] and ICD-9 of 402.01, 402.11, 402.91, 404.11, 404.13, 404.91,
404.93 for the NEDS and NIS, and using ICD-10 code 150, 111.0, 113.0, 113.2 for the NVSS.
Events for which HF was listed as a primary diagnosis or underlying cause of death (referred
to throughout as “primary HF”") were examined separately from events for which HF was
listed as a comorbid diagnosis or contributing cause of death (referred to as “comorbid HF”).
Due to uncertainty regarding the accuracy of HF coded as an underlying cause of death,14 15
we examined trends in combined HF-related deaths (listed as either an underlying or
contributing cause of death), in addition to reporting primary or comorbid HF deaths
separately. Additional conditions that have been associated with HF, including those
affecting the lungs [asthma, chronic obstructive pulmonary disease (COPD), pneumonia],
cardiometabolic conditions [atrial fibrillation and flutter (AF), chronic kidney disease
(CKD), diabetes, hypertension, ischemic heart disease (IHD), stroke (both ischemic and
hemorrhagic)] and mental health conditions (depression, dementia or Alzheimer’s), were
examined as both primary and comorbid diagnoses.t- 16

Event totals were calculated for each event type (ED visits, hospitalizations, and deaths), to
examine overall health system and mortality burden related to HF. For these analyses,
hospitalization totals included both elective and acute hospitalizations, as both types of
hospitalization contribute to burden and cost.

For a second set of analyses examining trends over time, exclusion criteria were applied to
each event type to identify “unique” (mutually exclusive) events, to avoid double-counting,
and to identify “acute” events (so that observed temporal changes would not be confounded
by shifts in management of elective procedures in the inpatient or outpatient setting). To do
this, ED visits that resulted in hospitalization, transfer to another facility, or death were
excluded, as were hospitalizations that resulted in transfer to another hospital or death, or
hospitalizations that were reported as elective.1”- 18 Thus, unique ED visits, unique acute
hospitalizations, and deaths were summed to estimate the overall “unique acute event”
burden, which reflects the total number of acute events that could be targeted by public
health and health system prevention efforts. In addition, estimating unique acute events
allowed us to assess trends in “treat and release” ED visits (i.e., ED visits that did not result
in hospitalization, transfer, or death), which are of interest given the unique role of the ED,
the cost implications of ED use for patients and the healthcare system, the number of
patients who need care but may not be ill enough for inpatient admission, and also recent
speculation that hospitals may be increasing the use of the ED and observation-service in
order to avoid inpatient admissions.19: 20

Hospitalization costs were estimated from total charges using hospital-level cost-to-charge
ratios provided by HCUP. Charges represent what the hospital billed for the case and do not
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include professional (physician) fees. Cost-to-charge ratio data were not available for ED
visits, so ED costs could not be estimated.

Event rates were calculated using intercensal population estimates as the denominators,21: 22
and were standardized by age to the 2010 US population. To identify different patterns in HF
rates, we conducted trend analyses based on the age-standardized unique event rates using
Joinpoint software (version 4.3.1.0 National Cancer Institute). Joinpoint regression fits a
series of joined straight lines on a logarithmic scale to the trend data. Analyses were
conducted in SAS 9.3-callable SUDAAN (Research Triangle Institute, Research Triangle
Park, NC) to account for the multistage, disproportionate stratified sampling design of the
HCUP datasets. T-tests or Wilcoxon rank-sum tests (2-sided) were used for statistical
comparisons of continuous variables and chi-square tests were used for categorical variables.
The data were de-identified and publicly available, and thus this project was determined not
to be human subjects research.

In 2014, there were nearly 1.1 million ED visits, 980,000 hospitalizations, and 84,000 deaths
with primary HF (Table 1). In addition, there were approximately 4.1 million ED visits, 3.4
million hospitalizations and 231,000 deaths with comorbid HF (Table 2). As expected,
patients with either primary or comorbid HF were significantly older than patients without
HF, and approximately three quarters of ED visits and hospitalizations for both primary and
comorbid HF were among Medicare beneficiaries (Tables 1 and 2). Among hospitalizations
for primary HF, the most common comorbid diagnoses were hypertension (72%), IHD
(56%), diabetes (48%), chronic kidney disease (47%), and AF (43%) (Table 1). Among
deaths with comorbid HF, the most common underlying causes were IHD (44%),
hypertension (21%), and COPD (21%) (Table 2).

The majority (82%) of ED visits for primary HF resulted in hospital admission or transfer to
another facility (Table 3). For all hospitalizations with primary HF, the median length of stay
was 3 days (interquartile range 2-6), the estimated mean cost was approximately $11,552
(standard error $163), and the total estimated cost was $11.3 billion in 2014 (cost *
estimated number of primary HF hospitalizations). Among patients with a primary diagnosis
of asthma, COPD, pneumonia, AF, diabetes, IHD, stroke, or depression, the presence of
comorbid HF was associated with significantly higher hospitalization cost compared to
patients with these primary diagnoses but without HF (p<0.001 for all).

There were approximately 1.1 million total unique acute events with primary HF, and 4.3
million total unique acute events with comorbid HF, in 2014 (Table 4). Overall, the age-
standardized total unique primary HF event rate (including ED visits, hospitalizations, and
deaths) declined significantly from 536 to 449 per 100,000 population between 2006-2014
[Relative Percent Change (RPC) of —16%, p for trend<0.001, Figure 1, Supplemental Table
2]. For comorbid HF, the total unique acute event rate increased significantly from 1,467 to
1,689 per 100,000 between 2006 and 2014 (RPC of 15%, p for trend<0.001).
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Trends in unique acute hospitalizations and ED visits (i.e., “treat and release” ED visits)
were examined to assess whether burden may have shifted from the inpatient to the ED
setting. While the unique acute hospitalization rate for primary HF declined significantly
from 427 to 341 per 100,000 (RPC of —20%, p for trend<0.001, Figure 2, Supplemental
Table 3), the “treat and release” ED visit rate for primary HF also declined significantly
between 2006 to 2011 (78 to 63 per 100,000, p for trend<0.001) and then did not change
significantly (75 per 100,000 in 2014, p for trend=0.1). Thus, while possible, it does not
appear likely that a decline in primary HF hospitalizations was created by shifting burden to
the ED in the form of primary HF “treat and release” ED visits. While comorbid treat and
release ED visits did increase during this time (from 308 to 535 per 100,000, RPC of 74%, p
for trend<0.001, Figure 2, Supplemental Table 4), there was no evidence of a change in the
slope of increase in comorbid HF ED visits at the time of HRRP implementation, as might
be expected if policy incentives were driving this increase.

The total HF-related mortality rate (including both primary and comorbid HF) decreased
significantly during 2006—-2009 (127 to 119 per 100,000, p for trend<0.001), and then did
not change meaningfully (124 per 100,000 in 2014, p for trend=0.1) (Figure 2). Combined
HF-related event rates (including both primary and comorbid HF) for unique ED visits,
hospitalizations, deaths, and total events, are presented in Supplemental Table 5 and
Supplemental Figure 1.

Discussion

The burden of HF in the US is considerable. In 2014, there were around 1.1 million ED
visits, 1.0 million hospitalizations, and 84,000 deaths with HF as the primary cause. In
addition, there were an additional 4.1 million ED visits, 3.4 million hospitalizations, and
231,000 deaths with HF as a comorbid or contributing cause. For hospitalizations with
primary HF, the estimated mean cost was $11,552 in 2014, with a total estimated cost of
over $11 billion. Among hospitalizations for primary HF, the most common comorbid
diagnoses were hypertension (almost 3 of every 4), IHD (over 1 of every 2), diabetes (nearly
1 of every 2), chronic kidney disease (nearly 1 of every 2), and AF (over 2 of every 5).
Compared to patients without HF, patients who were hospitalized with comorbid HF had
significantly higher costs for primary diagnoses of asthma, COPD, pneumonia, AF, diabetes,
IHD, stroke, or depression.

Despite significant declines from 2006-2014, the total unique acute HF event burden
remained high, with approximately 1.1 million primary HF events and 4.3 million comorbid
HF events occurring in 2014. This includes the age-standardized rate of unique acute
hospitalizations with primary HF declining significantly from 427 to 341 per 100,000 (RPC
of 20% decline). While national initiatives such as the HRRP may have helped continue
progress in reducing HF readmissions, including among Medicare beneficiaries as well as
with broader spillover effects across the healthcare system,23 the rate of primary HF
hospitalization was already decreasing at the time of implementation in 2012. This
observation is consistent with other studies that have reported declines in HF hospitalization
prior to recently implemented policy changes. For example, a 29.5% decline in age-, sex-,
and race-adjusted HF hospitalization was observed between 1998 to 2008 in the Medicare
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population of adults aged 65 years and older,24 while a study using NIS data for all
hospitalizations among adults aged 18 years and older showed an average annual rate of
decline of 2.8% between 2001-2009.25

Declines in hospitalization burden are noteworthy, as survival of patients with HF has
improved, and would be expected to increase HF prevalence and hospitalizations.* 26 On the
other hand, positive trends in some HF risk factors, such as better control of hypertension
and declines in IHD, may be decreasing HF incidence and event burden.! Changes in these
risk factors may have substantial impact, as hypertension and IHD are estimated to each
account for the development of about 20% of HF cases,?” and HF incidence has been steady
or declining in recent decades.* 28 Additionally, hospitalizations and outcomes for HF may
be improved by better treatment, including newer treatment modalities such as implantable
cardioverter defibrillators, cardiac resynchronization therapy, and left ventricular assist
devices (LVAD), as well as better adherence to recommended guidelines for care such as use
of B-blockers, angiotensin-converting enzyme inhibitors or angiotensin receptor blockers,
and better care for comorbidities such as anticoagulant therapy for AF.26.29.30 | astly, and
potentially related to better management of HF, some HF care may have shifted to the
outpatient setting, reducing inpatient hospitalizations.3!

Better HF treatment and improved survival may have contributed to the observed increase in
comorbid HF ED visits,25: 29 as patients living longer with HF would be expected to have
more time to develop a need for emergency care for other conditions. In addition, it has been
hypothesized that some hospitals might increase the use of ED treatment or observation-
service in order to decrease HF readmissions.1® 32 (Observation-service may occur within or
outside of the ED, and thus our unique “treat-and-release” ED estimates may have captured
some but not all observation-service use.) In the present study, we did not observe evidence
of this potential shift, given that the primary HF ED “treat and release” visit rate did not
increase, and while the cormorbid HF ED visit rate dlid increase, there was no change in
slope of the increase at the time of HRRP implementation. Using Medicare data, Zuckerman
and colleagues reported increased use of observation-service and decreased readmissions for
HRRP-targeted conditions, but no within-hospital association between increases in
observation-service use and reductions in readmissions.33

In addition to potential changes in use of the ED and observation-service, it is possible that
some hospitals may shift coding of HF from a primary to a comorbid diagnosis, and also that
coding of HF as a comorbid diagnosis may be increasing more generally.3* However, the
present study observed a stable rate of unique acute comorbid HF hospitalizations and a
steady increase in the ED visit rate for comorbid HF. While some HF events may have
shifted from being coded as primary to comorbid diagnoses, the increase in comorbid HF
ED visits occurred steadily throughout the observation period, so is unlikely to be driven by
recent policy changes.

Despite reported population trends of better management and improved survival, we
observed a stalled decline in the age-standardized HF-related mortality rate, with a
significant decrease from 2006 to 2009, followed by no significant changes from 2010-
2014. Given that reporting guidelines indicate heart failure should not be listed as the
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underlying cause of death if another plausible cause is identified,3% 36 it is valuable to
consider combined HF-related mortality, in which HF was listed as either an underlying or a
contributing cause of death. Although not statistically significant, the observed recent
increase in combined HF mortality after 2009 is consistent with other work.3” This increase
is also consistent with the broader context of cardiovascular disease in the United States,
which reveals increases in mortality between 2010-2014 for numerous cardiovascular
conditions,38: 39 and may reflect health effects of ongoing population trends such as
increasing physical inactivity, obesity, and diabetes.! The stalled decline in HF-related
mortality, despite improvements in treatment and decreases in primary HF hospitalization,
highlights the need for HF prevention, better treatment of risk factors, and improved
surveillance.26: 40

This study used nationally-weighted, all-payer databases to estimate the event burden of HF
among US adults. While the data used were a key strength of the study, there were
limitations. First, the NEDS and NIS are event-level databases, so patients could not be
tracked over time, and patient-level information (such as prior events and diagnoses, or
annual per-patient cost) was not available. Second, this study did not examine burden of HF
in outpatient clinical settings; HF may be present in 1.6% of all outpatient visits, increasing
to 5.9% of outpatient visits among those age 75 years and older.#! The present study also did
not capture burden of HF in nursing homes or long-term care facilities, and cost estimates
did not include physician fees, which are not captured in HCUP. For these reasons, the true
healthcare and cost burden of HF is likely to be considerably higher than estimated in this
paper. Third, criteria for identifying unique events excluded elective hospitalizations,
because management of these events (within acute care hospitals or outpatient surgical
centers) may vary over time, and unique acute events were examined from 2006-2014.
Fourth, analyses relied on accurate coding of HF and other conditions of interest, and biases
may have resulted from underreporting or changes in diagnosis or coding patterns over time.
34,42 Fifth, this study did not distinguish between stages or subcategories of HF. Sixth, this
study did not examine hospital procedures during admissions, and because the data do not
track patients over time, we were unable to examine longitudinal questions such as whether
certain procedures were associated with subsequent reductions in readmissions.

In addition to the impact of HF on human health, the economic burden that HF places on the
health care system has been described as “staggering”,*3 and is projected to rise as the
population ages and survival of HF patients improves.3 In 2008 dollars, the total lifetime
cost of HF was estimated at over $100,000 per person, with the majority of this cost due to
hospitalizations.*3 Much of the financial burden falls to Medicare, as approximately three
quarters of ED visits and hospitalizations with primary or comorbid HF were among
Medicare beneficiaries. Many hospitalizations for HF are regarded as preventable,? and
efforts such as the HRRP have aimed to reduce burden and improve outcomes. However,
further improvement is needed. Additional avenues are being explored, such as value-based
models of care (including Hospital Value-Based Purchasing, Bundled Payments for Care
Improvement, the Merit-Based Incentive Payment System, and Accountable Care
Organizations),** development and use of performance measures and performance
improvement programs, and care coordination and transition programs, such as those that
facilitate the hospital to home transition and provide in-home aftercare.3 Improved treatment
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modalities may also improve outcomes, and more patients are using LVAD as destination
therapy rather than only as a bridge to transplant therapy.> 46 Another potential avenue for
improvement of HF outcomes is use of cardiac rehabilitation. Cardiac rehabilitation has
been found to reduce hospitalization, is recommended for stable outpatients with HF, and is
covered as a Medicare fee for service benefit, yet only one tenth of eligible HF patients
receive a referral.4”- 48 In addition, lack of medication adherence is one of the most common
causes of cardiac decompensation and subsequent hospital admission,® while having a
pharmacist or nurse responsible for medication reconciliation can reduce medication errors
and reduce hospital-level HF readmissions.% 50 In conclusion, continued improvements in
prevention, management, treatment, and surveillance of HF are important, given the
considerable health impact of HF, the aging US population, and rising health care costs.
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What is new?

. Heart failure (HF) is burdensome and costly, yet a comprehensive national
surveillance system is lacking.

. We report primary (nearly 1.1 million emergency department (ED) visits, 1
million hospitalizations, and 80,000 deaths) and co-morbid (4 million ED
visits, 3.4 million hospitalizations, and 230,000 deaths) HF burden in 2014.

. Of hospitalizations with primary HF, the estimated mean cost was $11,552 in
2014, with a total estimated cost of over $11 billion; Medicare incurs the
majority of this burden.

. Between 2006-2014, the age-standardized total unique acute event rate for
primary HF decreased, while the comorbid HF event rate increased.

What are the clinical implications?

. While national initiatives such as the Hospital Readmissions Reduction
Program may have supported progress in reducing HF readmissions, the rate
of primary HF hospitalization was already decreasing at the time of
implementation, and trends in HF-related ED visits, comorbid
hospitalizations, and mortality have not improved.

. Positive trends in some HF risk factors, such as declines in ischemic heart
disease, may be decreasing HF incidence and event burden, while advances in
HF management may be increasing survival and improving outcomes.

. Given increasing HF prevalence and an aging US population, continued
improvements in HF prevention, management, and surveillance are important.
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Figure 1: Trends in total unique acute heart failure event rates, by age group and primary versus
comorbid diagnosis — Nationwide Emergency Department Sample, National (Nationwide)
Inpatient Sample and National Vital Statistics System, 2006-2014

Totals standardized by age to the 2010 U.S. Census Population distribution among adults
aged =18 years. Crude age-sex specific rates were reported for sub group estimates. Includes
combination of emergency department visits, acute hospitalizations, and deaths. HF=heart
failure. See Supplemental Table 4 for detailed numeric results.
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Figure 2: Trends in unique “treat and release” ED visits, unique acute hospitalizations, and
mortality, for HF — Nationwide Emergency Department Sample, National (Nationwide) Inpatient
Sample and National Vital Statistics System, 2006-2014

Totals standardized by age to the 2010 U.S. Census Population distribution among adults
aged =18 years. HF=heart failure. See Supplemental Tables 2, 3, and 4 for detailed numeric

results.
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Table 1.

Characteristics of patients age 18+ with heart failure as the primary diagnoses — Nationwide Emergency
Department Sample 2014, National Inpatient Sample 2014, and National Vital Statistics System 2014

Emergency Department Visits Hospitalizations Deaths
Weighted % (Standard error) | Weighted % (Standard error) %
HF No HF HF No HF HF No HF
Demographic N=1,068,412 | N=106,386,429 N=978,135 N=25,398,477 N=83,705 | N=2,275,039
Mean age in years (SE) 716 (02) 46.4(0.2) £ 72.1(0.1) 547 (0.l)£ 83.3 (0.04) 73.1(0.01) £
Age in groups
18-44 47(0.2) s50.703% | 420D 33702 08 6.1
45-64 25.4 (0.5) 29.2 (0.2)£ 24.4(02) 30.1 (o.1)£ 8 21.8°
65-74 21.2(0.2) 9.2 (0.1)% 2L.7(01) 163 0.)% 11 188%
75-84 25.4(0.3) 6.8 (0.1)’£ 261(02) 12.5 (o.1)£ 237 238°
85+ 23.3(0.4) 4.2 (0.1)£ 236(02) 74 (0.1)£ 56.6 20.4%
Men 51.5(0.2) 42502 515(02) 397 0.)F 432 50.9%
Age sex group
Men and age<65 18.5 (0.4) 341 (0_2)5 17.6 (0.2) 237 (O_l)f 5.3 173
Men and age=65 33.0 (0.4) 8.4 (Oll)f 33.9(0.2) 159 (0.1)5 37.8 336%
Women and age<65 11.6 (0.3) 158 (0_2);5‘ 11.0 (0.1) 201 (0_2);5 3.3 10_75
Women and age=65 36.9 (0.3) 11.7 (0.2)£ 37.6 (0.2) 20.2 (0.1)£ 53.6 38.4£
Health insurance
Medicare 73.3(0.6) 5.6 (0‘3)£ 74.3(0.3) 1.2 (0‘2)£ NA NA
Medicaid 111 (0.5) 25,6 (0.5)° 9.3(0.2) 19.402)% NA NA
Private 10.3 (0.4) 278 (0‘5)£ 11.6 (0.2) 309 (0‘3)£ NA NA
Other 5.2(0.3) 208 (0.5)° 47(0.1) 82 (0.1)% NA NA
Elective NA NA 6.0 (0.2) 27.2 (0.3 NA NA
Comorbidities identified by secondary diagnoses codes
Conditions affecting the lungs
Asthma 7.6(02) 4400 8.0(0.1) 70(0.0)% 0.28 038
COPD 28.9 (0.3) 36 (0_1)5 31.3(0.2) 04 (0_1)5 6.0 o8t
Pneumonia 11.7(02) 10 (0.02)£ 13.6 (0.1) 42 (0.03)£ 4.6 6.0£
Cardiometabolic conditions
Chronic kidney disease 40.4 (0.4) 30(0.0)% 46.5(0.2) 100 0.1)% 41 28%
Atrial fibrillation or flutter 37.8 (0.4) 24 (0_1))5 42.9(0.2) 77 (0.1)£ 4.4 4_0£
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Emergency Department Visits Hospitalizations Deaths
Weighted % (Standard error) | Weighted % (Standard error) %
HF No HF HF No HF HF No HF

Demographic N=1,068,412 | N=106,386,429 | N=978,135 N=25,398,477 N=83,705 | N=2,275,039
Diabetes 45.2(03) 13yt | Y002 [ »neenf 66 g8
Hypertension 70.4 (0.4) 24.0 (0.3)£ 72.1(0.2) 470 (0.2)£ 19.0 15'0£
Ischemic heart disease 51.1 (0.4) 56 (0.l)£ 56.4 (0.2) 15.2 (0_1)5 0.03 18.9£
Stroke 0.41 (0.01) 016 ©.onf | 05002 0.69 (0.01)° 26 8.2%
Mental Health Conditions
Dementia or Alzheimer’s 8.6 (0.1) 21 (0.04)£ 9.4 (0.1) 6.0 (0.05)£ 7.3 15.2£
Depression 10.2 (0.2) 6.0 (0.2)£ 11.8(0.1) 143 (0.1)£ 0.3 0.6£
None of above conditions 5.4 (0.2) 64.0 (0.5)£ 2.0 (0.04) 340 (0.2)£ 60.9 42.15

£P<0.001;

§

Page 16

P<0.05; P-values for comparison of hospitalizations with or without HF, using T-test for continuous variables and Chi-square test for categorical

variables. HF= Heart Failure. Patients with primary or comorbid HF were excluded from “No HF” group.
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Characteristics of patients age 18+ with comorbid heart failure — Nationwide Emergency Department Sample,

Table 2.

National Inpatient Sample and National Vital Statistics System, 2014

Emergency Department Visits Hospitalizations Deaths
Weighted % (Standard error) | Weighted % (Standard error) %
HF No HF HF No HF HF No HF
Demographic N=4,071,546 | N=106,386,429 | N=3,370,856 | N=25398,477 | N=230,963 | N=2,275,039
Mean age in years (SE) 70.8 (0.2) 46402° | 72000 | sa700% | 812003 | 731(0.01)°
Age in groups
18-44 5.1(0.1) 50.7 (03)% 3.5(0.05) 337 (02)% 0.9 6.1%
45-64 27.1(0.4) 202 (0.2 24.1(0.2) 302 0.1)F 9.4 218%
65-74 21.8(0.1) 9.2 (0.1)% 238(0.1) 163 (0.1)% 147 18.8%
75-84 24.6 (0.2) 6.8(0.0)% 26.8(0.1) 125 (0.1)F 274 23.8%
85+ 215 (0.4) 42 (0.0)% 218(02) 7.4 0.0)% 476 20.4%
Men 47.0(02) 425 (0.2)° 48.9(0.1) 39.7 (0.1)° 487 50.9%
Age sex group
Men and age<65 16.9(0.3) 3102°% | 15301 237 (0.1)% 6.4 17.3%
Men and age=65 30.1(0.3) 8.4(0.0)% 335(0.1) 159 (0.1)° 423 33.6%
Women and age<65 15.3(0.3) 45802° | 12201) 401 (0.2)% 3.9 10.7%
Women and agez65 37.8(0.3) 11.7 (0.2% 38.9(0.1) 202 0.1)F 47.4 3g.4%
Health insurance
Medicare 74705 | 25603° | 77102 | 4202 NA NA
Medicaid 109 (0.3) 25,6 (0.5)° 8.1(0.1) 195 (0.2)% NA NA
Private 10.0 (0.4) 27.8 (0.5 11.2 (0.2) 309 (0.3)F NA NA
Other 43(0.3) 208 (0.5)° 35(0.1) 8.2 (0.1)° NA NA
Elective NA NA 11.7(0.2) 272 (0.3)F NA NA
As the primary diagnoses and HF as comorbidity
Conditions affecting the lungs
Asthma 1.27 (0.04) 112 (0.03)% 1.07 (0.02) 0.79 0.01)° 0.46 0.38%
CoPD 53(0.1) 15002% | 47(005) 17002 205 0.8°
Pneumonia 4.8(0.1) 0.96 (0.01)° 5.8(0.1) 24(0.02% 6.8 6.0°
Cardiometabolic conditions
Chronic kidney disease 0.20 (0.02) 0.05 (0.01)15 0.14 (0.01) 0.06 (0.01)5 8.2 28t
Atrial fibrillation 36(005) | o4z00nf [ 46009 | 12000° 183 a0f
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Emergency Department Visits Hospitalizations Deaths
Weighted % (Standard error) | Weighted % (Standard error) %
HF No HF HF No HF HF No HF
Demographic N=4,071,546 | N=106,386,429 | N=3,370,856 | N=25,398,477 | N=230,963 | N=2,275,039

Diabetes 197(003) | 100n® | 196002 [ 180(001f 17.9 8.8t
Hypertension 1.91(0.1) 0.95 0.01)° 16(0.1) 0.66 (0.01)° 213 15.0%
Ischemic heart disease 55 (0.1) 0,69 (0_01)5 8.2(0.1) 29 (0_04)£ 43.8 18.9£
Stroke 186(003) | os5(0.00f | 24003 | 20(0027% 60 82f
Mental Health Conditions
Dementia or Alzheimer’s 0.32 (0. 01) 0.20 (0.004)£ 0.35 (0.01) 038 (0101)5 13.3 15‘25
Depression 025(001) | 111004% | 038001 28(0.1)° 0.6 0.6
None of above conditions 731(0.2) 914 0% 68.6 (0.1) 834 (0.)% 14.2 a21%

£P<0.001;

§P<0.05;

Page 18

*
P-values for comparison of hospitalizations with or without HF, using T-test for continuous variables and Chi-square test for categorical variables.
HF = Heart Failure. Patients with HF as the primary diagnosis were excluded from this table.
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Table 3.

Page 19

Emergency department and hospitalization outcomes, charges, and costs among patients with or without heart
failure, by primary diagnosis or comorbid condition, Nationwide Emergency Department Sample 2014 and

National Inpatient Sample 2014

Weighted Mean or Percent (Standard Error)

Emergency Department Visits

Hospitalizations

Primary HF No HETY Primary HF NoHETT
Total
Admitted to hospital or transferred, % 82.1(0.4) 15.7 (0_2)£ 3.0 (0.1) 18 (0.02)£
Died, % 0.11 (0.01) 0.16 (0.004) 2.9 (0.05) 17 0.02)%
Median length of stay, days (IQR) NA NA 3 (2-6) 3 (1_5)£
Total charge, mean (SE) 3127 (86) 3289 (77)% | 44841 (794) 42549 (506)
Total cost, mean (SE) NA NA 11552 (163) 11059 (91)
Comorbid HF* No HF Comorbid HF* No HF
Conditions affecting the lungs
Asthma
Admitted to hospital or transferred, % 67.2 (1.3) 16.2 (0_4)£ 1.00 (0.1) 0.64 (0_04)§
Died, % + ‘ 1.40 (0.1) 0.32 (0.03)°
Median length of stay, days (IQR) NA NA 3 (2-6) 2 (1_4)£
Total charge, mean (SE) 3440 129) | 2699 (95)F | 38062(830) | 26288 (376)°
Total cost, mean (SE) NA NA 9691 (165) 6739 (57)£
COPD
Admitted to hospital or transferred, % 68.7(0.7) 248 (0‘5)£ 1.7 (0.09) 11 (0.04)£
Died, % + 0.02(0002) | 17(0.08) 0.9 (0.08)°
Median length of stay, days (IQR) NA NA 3(2-5) 32 _4)£
Total charge, mean (SE) 3306 (79) 2034 (67) | 34781(465) | 28004 (330)%
Total cost, mean (SE) NA NA 9111 (78) 7539 (68)£
Pneumonia
Admitted to hospital or transferred, % 90.7 (0.3) 537 (0.6)£ 2.7(0.1) 29 (0.1)£
Died, % 012(002) | oo700n® | 49001 25 (0.05)°
Median length of stay, days (IQR) NA NA 4(3-7) 3 (2_5)5
Total charge, mean (SE) 2633 (68) 2260 (70)£ 44977 (584) 34005 (369)£
Total cost, mean (SE) NA NA 12240 (112) 9284 (76)£

Cardiometabolic conditions
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Weighted Mean or Percent (Standard Error)

Emergency Department Visits

Hospitalizations

Primary HF NoHE™H Primary HF No HE™™
Chronic kidney disease (CKD)
- - o
Admitted to hospital or transferred, % 45.4(33) 201 (3_3);5‘ . "
Died, % + + 4.2(0.7) 3.5(0.5)
Median length of stay, days (IQR) NA NA 3 (1-6) 2 (0-4)%
Total charge, mean (SE) 4350 (313) 4337 (327) | 40386 (2855) | 46863 (4714)
Total cost, mean (SE) NA NA 10782 (711) 12875 (1359)
Atrial fibrillation or flutter
- - o
Admitted to hospital or transferred, % 86.3 (0.4) 54.8 (0.8)£ 2.9(0.1) 20 (0.07)5
Died, % + 0.04 (0.01) 15(0.07) 063 (0.09)°
Median length of stay, days (IQR) NA NA 3 (2-5) 2 (1_3)£
Total charge, mean (SE) 3263 (97) | 4279 (102)° | 42640 (655) | 30565 (470)°
Total cost, mean (SE) NA NA 10942 (115) 7699 (82)°
Diabetes
i i 0,
Admitted to hospital or transferred, % 66.8 (1.0) 382 (0.5)° 18(0.1) 12 0.04)°
i 0,
Died, % + 0.03 (0.004) 16(0.1) 0.4 (0.02)£
Median length of stay, days (IQR) NA NA 4 (2-8) 3 (1_5)£
Total charge, mean (SE) 3153 (85) 3154 (83) 55272 (986) 36778 (472)%
Total cost, mean (SE) NA NA 13996 (186) 9369 (87)£
Hypertension
- - o
Admitted to hospital or transferred, % 63.8 (1.1) 155 (0‘4)£ 1.3(0.1) 1.1 (0.1)
i 0,
Died, % + 0.03 (0.004) 12(0.1) 0.5 (0.04)’5
Median length of stay, days (IQR) NA NA 3(2-5) 2 (1_4)5
Total charge, mean (SE) 3715 (103) 3379 (88)° | 41256 (778) 39425 (953)
Total cost, mean (SE) NA NA 10279 (157) 9891 (235)
Ischemic heart disease
- - o
Admitted to hospital or transferred, % 924(0.3) 80.0 (0_5),5 7.2(0.2) 7.0(0.2)
i 0
Died, % 0.3(0.03) 07 (003)% 6.1(01) 23(0.04)°
Median length of stay, days (IQR) NA NA 4(2-7) 2 (1_4)5
Total charge, mean (SE) 4024(133) | 7282 (252 | 98091 (1600) | 77239 (891)*
Total cost, mean (SE) NA NA 24091 (289) 19163 (139)£

Stroke
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Weighted Mean or Percent (Standard Error)

Emergency Department Visits

Hospitalizations

Primary HF NoHE™H Primary HF No HE™™
- - 0
Admitted to hospital or transferred, % 95.9(0.2) 89.7 (0.3)£ 2.7(0.1) 3.2 (0.1)§
i 0,
Died, % 025004 | 039002%| 10202 7300
Median length of stay, days (IQR) NA NA 4(2-7) 3 (2—6)£
Total charge, mean (SE) 3002(119) | 4270 (111)” | 66653 (1453) | 0682 (1207)°
Total cost, mean (SE) NA NA 16816 (279) 15037 (227)F
Mental Health Conditions
Dementia or Alzheimer’s
i i 0,
Admitted to hospital or transferred, % 66.5 (1.6) 346 (1_0)£ 6.1 (0.6) 44 (0_2)§
Died, % + + 2.7(04) 1701
Median length of stay, days (IQR) NA NA 6 (3.0-11) 6 (3_0_12)£
Total charge, mean (SE) 3478 (145) | 3739 (101)f [ 33030 (980) 32589 (731)
Total cost, mean (SE) NA NA 9901 (358) 9395 (188)
Depression
- - o
Admitted to hospital or transferred, % 69.2 (2.0) 136 (1.4)£ 6.7 (0.5) 19 (0.1)£
Died, % + + * *
Median length of stay, days (IQR) NA NA 6 (3-10) 4 (3_7)£
Total charge, mean (SE) 2564 (106) | 2401 (97)F | 26992 (710) | 19071 (412)F
Total cost, mean (SE) NA NA 7600 (187) 5400 (104)%

+
Not reportable based on the estimates with a relative standard error greater than 0.30.

£P<0.001;
8

P<0.05. HF = Heart Failure. IQR=Interquartile range.

++
These columns include all events with primary and comorbid diagnosis other than HF for rows pertaining to “Total” events.

*
Results for patients with or without HF as a secondary diagnosis, “comorbid HF”, exclude patients with HF as a primary diagnosis.
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Table 4.

The unique acute event burden of heart failure, Nationwide Emergency Department Sample 2014, National
Inpatient Sample 2014 and National Vital Statistics System 2014
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Total HF, Primary Diagnosis Total HF, Comorbid Diagnosis
N % Rate/100,000 people N % Rate/100,000 people
Total "% 1,140,891 449 4,289,755 1689
ED 190,310 16.7 75 1,350,516 | 31.5 535
Hospitalization” 866,875 76.0 341 2,708,276 | 63.1 1063
Deaths 83,705 7.3 33 230,963 5.4 91
Age
18-44 50,046 4.4 43 212,468 5.0 184
45-64 276,634 24.2 331 1,133,177 | 26.4 1357
65-74 235,473 20.6 892 934,271 21.8 3539
75-84 288,917 253 2112 1,057,136 | 24.6 7726
857" 289,820 25.4 4703 952,703 22.2 15460
Sex iy
Men 579,637 50.8 514 2,019,984 | 47.1 1785
Women 561,253 49.2 393 2,269,771 | 52.9 1607
Age sex group
Men and age<65 200,796 17.6 203 708,391 16.5 716
Men and age=65 378,842 33.2 1862 1,311,592 | 30.6 6445
Women and age<65 125,884 11.0 126 637,253 14.9 637
Women and age=65 435,369 38.2 1682 1,632,518 | 38.1 6305

*
Standardized by age to the 2010 U.S. Census Population distribution among adults aged =18 years;

+
Non-elective hospitalizations; The crude age-sex specific rates were reported for sub group estimates.
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