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ABSTRACT

Introduction: A worsening heart failure event
(WHFE) is defined as progressively escalating
heart failure signs/symptoms requiring intra-
venous diuretic treatment or hospitalization.
No studies have compared the burden of
chronic heart failure with reduced ejection
fraction (HFrEF) following a WHFE versus
stable disease to inform healthcare decision
makers.
Methods: A retrospective study using the IBM�

MarketScan� Commercial Database included
patients younger than 65 years of age with
HFrEF (one inpatient or two outpatient claims
of systolic HF or one outpatient claim of systolic

HF plus one outpatient claim of any HF). The
first claim for HFrEF during 2016 was the index
date. Patients were followed for the first
12 months after the index date (the worsening
assessment period) to identify a WHFE, and for
an additional 12 months or until the end of
continuous enrollment (the post-worsening
assessment period). Mean per patient per
month (PPPM) health care resource use (HCRU)
and costs were compared between patients fol-
lowing a WHFE and stable patients during the
two periods using generalized linear models
adjusting for patient characteristics.
Results: Of 16,646 patients with chronic HFrEF,
26.8% developed a WHFE. Adjusted all-cause
hospitalizations (0.16 vs. 0.02 PPPM,
P\ 0.0001), outpatient visits (3.54 vs. 2.73
PPPM, P\0.0001), and emergency department
visits (0.25 vs. 0.06 PPPM, P\ 0.0001) were
higher in patients following a WHFE than
stable patients during the worsening assessment
period. Similar differences in HCRU were
observed between the two cohorts during the
post-worsening assessment period. Mean total
adjusted cost of care PPPM was $8657 in
patients with HFrEF following a WHFE versus
$2195 in stable patients during the worsening
assessment period, and $6809 versus $2849,
respectively, during the post-worsening assess-
ment period.
Conclusion: HCRU and costs were significantly
greater in patients with chronic HFrEF following
a WHFE compared to those who remained
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stable, suggesting an unmet need to improve
clinical and economic outcomes among these
patients.

Keywords: Cost and cost analysis/economics;
Health care resource utilization; Worsening
heart failure

Key Summary Points

Why carry out this study?

Heart failure is a progressive condition and
repeated hospitalizations have been
associated with increased risk of mortality.

Patients who develop a worsening heart
failure event (escalating heart failure
signs/symptoms requiring intravenous
diuretic treatment in the outpatient
setting or hospitalization) have high rates
of recurrent heart failure hospitalization
and mortality.

In this study, we assessed the economic
impact of a worsening heart failure event
among a commercially insured
population by performing a retrospective
claims-based analysis that compared
health care resource utilization and health
care costs between patients with chronic
HFrEF following a worsening heart failure
event and patients with stable chronic
HFrEF.

What was learned from the study?

This is the first study to investigate health
care resource utilization and health care
costs among patients aged less than
65 years with chronic HFrEF following a
worsening heart failure event versus those
with chronic HFrEF who remain stable.

There is a high clinical and economic
burden among patients with chronic
HFrEF following a worsening heart failure
event compared to patients with
stable chronic HFrEF, highlighting an
ongoing unmet need to improve overall
outcomes in patients with chronic HFrEF
following a worsening heart failure event.

INTRODUCTION

The prevalence of heart failure (HF) in the USA
is predicted to increase by 46% from 2012 to
2030, resulting in more than eight million
adults 18 years or older having HF with nearly
$70 billion in associated health care costs [1].
HF leads to approximately one million hospi-
talizations annually, with more than half of
these patients being readmitted within
6 months of discharge and almost 30% dying
within 1 year [2–4]. Patients with HF are typi-
cally categorized on the basis of left ventricular
ejection fraction (LVEF), and the prevalence of
HF with reduced ejection fraction (HFrEF) varies
in the literature and is reported to range from
31% to 56% [5–11].

HFrEF is a progressive condition with sub-
stantial variation in disease trajectory among
patients. While some patients remain symp-
tomatically stable, others will develop a wors-
ening HF event that is associated with symptom
escalation that can advance to the point of
requiring HF hospitalization or intravenous
diuretic treatment in a clinical setting [12–16].
An observational cohort analysis of the PIN-
NACLE Registry found that one in six newly
diagnosed patients with HFrEF will have a
worsening HF event within 18 months of HF
diagnosis, and those patients have poor out-
comes through 2 years [14]. In this study, 56%
of those who developed a worsening HF event
were re-hospitalized within 30 days of the
worsening HF event; and the 2-year mortality
rate was 23% [14]. Analysis of patient data from
the Get With The Guidelines�–Heart Failure
registry and claims data from the US Centers for
Medicare and Medicaid Services also showed
higher rates of readmission for HF among
patients with HFrEF. During the 5-year follow-
up, patients with HFrEF had an HF-related
readmission rate of 48.5% [6]. Mortality rates
are 3-fold higher for patients hospitalized for HF
compared with those who are never hospital-
ized, and the risk increases with each subse-
quent hospitalization [17, 18].

In 2015, the US Food and Drug Administra-
tion approved two new drugs for HFrEF
including sacubitril/valsartan and ivabradine
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[19, 20]. These treatments may be administered
in conjunction with or in place of other HF
therapies [19–21]. Given the evolving standard
of care with these newer agents in 2015, it is
important to evaluate the economic burden and
unmet clinical need in patients with chronic
HFrEF who develop a worsening HF event and
survive versus those who remain stable [19–23].

Several studies have shown that there is high
economic burden and health care resource uti-
lization (HCRU) in patients with HFrEF, and a
high disease burden in patients following a
worsening HF event [14, 24–26]. However, no
study has investigated outcomes in patients
with chronic HFrEF following a worsening HF
event (WHFE) versus patients with chronic
HFrEF who remain stable. In this study, we
assessed the economic impact of a WHFE
among a commercially insured population by
performing a retrospective claims-based analysis
that compared HCRU and health care costs
between patients with chronic HFrEF following
a WHFE and patients with stable chronic HFrEF.

METHODS

Study Design and Data Sources

This retrospective claims analysis utilized data
from the IBM� MarketScan� Commercial and
Medicare Supplemental Databases from January
1, 2015 to December 31, 2018 to examine
patient characteristics and outcomes. The study
design is shown in Fig. 1. These databases rep-
resent the health services of 174 million
employees, dependents, and retirees in the USA
with primary or Medicare supplemental cover-
age through privately insured fee-for-service,
point-of-service, or capitated health plans. IBM
Watson Health and MarketScan are trademarks
of IBM Corporation in the USA, other countries,
or both. This article reports on a retrospective,
observational study using de-identified anon-
ymized patient-level data. Therefore, informed
consent and ethics committee approval were
not required. Merck accessed the IBM� Mar-
ketScan� Research Databases through a stan-
dard license agreement with IBM. Personnel
from Complete Health Economics and

Outcomes Research Solutions were granted
access to the data via a third-party agreement in
accordance with the terms and conditions of
the agreement between Merck and IBM.

Study Population and Eligibility Criteria

The population included adult patients aged at
least 18 years and less than 65 years with HFrEF
(prevalent or incident) for which data on HCRU
and costs were fully available and covered by
the commercial health insurance. The first
claim of HFrEF recorded from January 1, 2016 to
December 31, 2016 was defined as the HFrEF
index date (Fig. 1). Patients were considered to
have HFrEF if they had one hospitalization
claim or two outpatient claims of systolic HF
(International Statistical Classification of Dis-
eases and Related Health Problems, 10th revi-
sion [ICD-10]: I50.2x, I50.4x, I50.1), or one
outpatient claim of systolic HF plus one outpa-
tient claim of any HF (ICD-10 I50.2x, I50.4x,
I50.8x, I50.1, I50.3x, I11.0, I50.9) on two dif-
ferent dates within a 12-month period. Patients
with evidence of adult congenital heart disease
(e.g., single ventricular disease), amyloidosis, a
heart transplant, or implantation of a left ven-
tricular assist device during the 12 months prior
to the HFrEF index date were excluded from the
analysis.

The 12-month period before the HFrEF index
date was defined as the baseline period. After
the HFrEF index date, patients were followed for
a period of 12 months to identify worsening HF
events based on the presence of HF-related
hospitalization and/or intravenous diuretic use.
This 12-month period was defined as the wors-
ening assessment period, and during this per-
iod, patients were required to have 12 months
continuous enrollment after the index date in
the health plan. Patients who developed a
worsening HF event during this period were
identified as patients with chronic HFrEF fol-
lowing a WHFE, and patients who did not
develop a worsening HF event during this per-
iod were defined as patients with stable chronic
HFrEF. Patients were followed for an additional
12 months, defined as the post-worsening
assessment period. The post-worsening
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assessment follow-up began at the end of the
worsening assessment period and lasted for
12 months or until the end of continuous
enrollment, whichever occurred first.

Patient Characteristics

Baseline demographics, clinical characteristics,
HCRU, and associated costs were assessed dur-
ing the 12-month baseline period for patients
with chronic HFrEF following a WHFE and
patients with stable chronic HFrEF. The excep-
tion to this method was baseline use of HF-re-
lated medications, which was assessed for the
period within 90 days prior to the index date.
The measures used to assess HCRU and costs are
described below.

Outcomes

HCRU and costs were assessed during the
worsening and post-worsening assessment
periods for patients with chronic HFrEF

following a WHFE and patients with
stable chronic HFrEF. HCRU was assessed sepa-
rately for HF-related and all-cause utilization,
and by setting of care (hospitalization, outpa-
tient, and emergency department [ED]). HCRU
was measured as the mean number of visits per
patient per month (PPPM). For hospitalization,
utilization was also measured as the mean
length of hospital stay PPPM. Similar to HCRU,
health care costs were assessed for HF-related
and all-cause costs. Costs were calculated in
total and by setting of care (hospitalization,
outpatient, ED, pharmacy, and other) as mean
costs PPPM. The study was designed to capture
costs from the perspective of a private payer,
and reported costs represented those paid by the
commercial health plan. Costs were adjusted to
2018 US dollars [27].

Statistical Analysis

Descriptive statistics were used to summarize
baseline demographics, comorbidities, and

Fig. 1 Study design. The study population included adult
patients aged less than 65 years who were diagnosed with
prevalent or incident HFrEF. The first claim of HFrEF
recorded from January 1, 2016 to December 31, 2016 was
defined as the HFrEF index date. The 12-month period
prior to the HFrEF index date was defined as the baseline
period. The 12-month period after the HFrEF index date
was defined as the worsening assessment period and was

used to identify a worsening heart failure event based on
the presence of heart failure-related hospitalization and/or
intravenous diuretic use. The worsening assessment period
was followed by an additional 12-month follow-up defined
as the post-worsening assessment period. Abbreviations:
HFrEF, heart failure with reduced ejection fraction; IV,
intravenous
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medications. Categorical variables were sum-
marized as the number and percentage of the
total study population and by subgroups where
appropriate; continuous variables were reported
as mean ± standard deviation (SD). A modified
Charlson Comorbidity Index (CCI), which
excluded congestive HF, was calculated using a
total score and a scoring algorithm to weight
each observed comorbidity [28, 29]. T tests were
performed to assess between-group differences
in baseline characteristics for continuous vari-
ables, and chi-square tests were performed for
categorical variables.

Multivariable models were fit and compared
HCRU and costs between patients with chronic
HFrEF following a WHFE and patients with
stable chronic HFrEF. HCRU was modeled using
generalized linear models (GLMs) with negative
binomial distribution or two-part/zero inflated
models (where appropriate) for count out-
comes, and costs were modeled using GLMs
with log link function and gamma distribution
or two-part models (where appropriate) [30].
Least square means (from the GLMs) were used
to report adjusted mean costs [31]. The modi-
fied Park test was used to check the family of
gamma distribution. The following baseline
demographic and clinical characteristics were
used to adjust for differences between patients
with chronic HFrEF following a WHFE and
patients with stable chronic HFrEF: gender,
geographic region, health plan type, CCI, HF
medication use within 90 days prior to the
index date, and HCRU during the 12-month
baseline period (all-cause hospitalization and
outpatient visits).

RESULTS

Patient Characteristics

The study population included 16,646 patients
with 4460 (26.8%) developing a worsening HF
event during the worsening assessment period
(Fig. S1 in the electronic supplementary mate-
rial for details). Demographic characteristics
were similar between patients with chronic
HFrEF following a WHFE and patients with
stable chronic HFrEF. The mean age was

56.1 years for patients with chronic HFrEF fol-
lowing a WHFE and 55.4 years for patients with
stable chronic HFrEF, and 63.7% of patients
with chronic HFrEF following a WHFE versus
64.6% of patients with stable chronic HFrEF
were male (Table 1). More than half of the
patients in each group were covered by a pre-
ferred provider organization (50.5% of patients
with chronic HFrEF following a WHFE, 54.4% of
patients with stable chronic HFrEF).

Patients with chronic HFrEF following a
WHFE had more comorbidities at baseline,
indicated by a higher mean modified CCI score
and a higher prevalence of multiple cardiovas-
cular comorbidities including atrial fibrillation,
coronary artery disease, type 2 diabetes, hyper-
lipidemia, hypertension, and myocardial
infarction (Table 1). HF-related medication pre-
scriptions within 90 days prior to the index date
were similar between the two groups, except in
the case of angiotensin-converting enzyme
inhibitors (ACEi)/angiotensin II receptor block-
ers (ARBs) and diuretics (Table 1). Few patients
in the study population received angiotensin
receptor neprilysin inhibitors (1.3% of patients
with stable chronic HFrEF, 1.2% of patients with
chronic HFrEF following a WHFE) or ivabradine
(0.3% in both groups).

HF-related HCRU PPPM during the baseline
period was higher in patients with chronic
HFrEF following a WHFE versus patients with
stable chronic HFrEF (Table 1): mean ± SD
0.04 ± 0.09 vs. 0.02 ± 0.04 HF-related hospi-
talizations, 0.24 ± 0.48 vs. 0.18 ± 0.33 outpa-
tient visits, and 0.04 ± 0.09 vs. 0.01 ± 0.04 ED
visits, respectively. Similar trends were observed
for all-cause HCRU.

Costs PPPM were higher for patients with
chronic HFrEF following a WHFE compared
with patients with stable chronic HFrEF during
the baseline period (Table 1): mean total HF-
related cost was $942 ± $3018 vs.
$454 ± $1882, respectively; and mean total all-
cause cost was $4676 ± $8751 vs.
$2830 ± $5971, respectively.
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Table 1 Baseline patient demographic, clinical, and treatment characteristics

Characteristics Patients with stable
chronic HFrEF
(N = 12,186)

Patients with chronic
HFrEF following a worsening
HF event (N = 4460)

P value

Age, mean (SD) years 55.4 (8.2) 56.1 (8.0) \ 0.0001

Gender (%) 0.2728

Male 64.6 63.7

Geographic region (%) 0.0098

Northeast 17.9 16.8

North central 20.9 23.4

South 50.9 50.0

West 10.2 9.7

Other & unknown 0.1 0.1

Plan type (%) \ 0.0001

PPO 54.4 50.5

CDHP/HDHP 17.9 18.1

HMO 9.6 10.2

Comprehensive 6.7 9.0

POS/POS with capitation 8.8 8.6

Other and unknown 2.6 3.7

Primary payer (%) \ 0.0001

Medicare supplemental 2.1 3.5

Commercial 97.9 96.5

Comorbidities (%)

Anemia 11.5 20.2 \ 0.0001

Atrial fibrillation 20.5 28.6 \ 0.0001

Chronic kidney disease 13.6 26.8 \ 0.0001

Coronary artery disease 34.2 41.5 \ 0.0001

Type 2 diabetes 35.1 49.7 \ 0.0001

Hyperlipidemia 56.2 61.0 \ 0.0001

Hypertension 72.5 80.6 \ 0.0001

Myocardial infarction 28.0 33.6 \ 0.0001

Sleep apnea 21.4 27.4 \ 0.0001

History of HF 55.5 63.1 \ 0.0001

Modified CCI score, mean (SD) 3.1 (2.2) 4.2 (2.7) \ 0.0001
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Table 1 continued

Characteristics Patients with stable
chronic HFrEF
(N = 12,186)

Patients with chronic
HFrEF following a worsening
HF event (N = 4460)

P value

HF-related medication within 90 days,a (%)

ACEi/ARB 57.5 50.9 \ 0.0001

Beta blockers 62.5 61.0 0.0755

Diuretics 42.2 55.2 \ 0.0001

Aldosterone antagonist 19.8 18.1 0.0179

ARNi 1.3 1.2 0.5004

Digoxin 7.1 7.6 0.3008

Ivabradine 0.3 0.3 0.6798

Other medication within 12 months,b (%)

Hydralazine plus nitrate 10.4 18.1 \ 0.0001

Hydralazine monotherapy 6.0 11.1 \ 0.0001

Long-acting nitrates 12.5 17.5 \ 0.0001

Statins 43.5 46.0 0.0045

GLP-1 RA 3.0 3.8 0.0069

SGLT2i 2.8 2.8 0.8828

DPP4i 5.6 7.2 0.0001

Sulfonylurea 8.7 11.5 \ 0.0001

Metformin 18.9 21.7 \ 0.0001

HCRU, mean (SD) PPPM

HF-related

Hospitalizations 0.02 (0.04) 0.04 (0.09)

Length of hospital stay, days 1.2 (5.2) 3.3 (9.7)

Outpatient visits 0.18 (0.33) 0.24 (0.48)

ED visits 0.01 (0.04) 0.04 (0.09)

All cause

Hospitalizations 0.04 (0.07) 0.08 (0.13)

Length of hospital stay, days 2.4 (8.3) 5.6 (13.5)

Outpatient visits 1.48 (1.42) 1.90 (1.70)

ED visits 0.07 (0.14) 0.16 (0.26)

Health care costs, mean (SD) $ PPPM

HF-related
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Outcomes

Unadjusted HCRU During the Worsening
and Post-Worsening Assessment Periods
Unadjusted HCRU was higher for patients with
chronic HFrEF following a WHFE compared

with patients with stable chronic HFrEF during
both the worsening and post-worsening assess-
ment periods (Table 2). A comparison of HF-re-
lated hospitalizations was not performed during
the worsening assessment period because, by
definition, only patients with chronic HFrEF

Table 1 continued

Characteristics Patients with stable
chronic HFrEF
(N = 12,186)

Patients with chronic
HFrEF following a worsening
HF event (N = 4460)

P value

Total 454 (1882) 942 (3018)

Hospitalization 269 (1610) 668 (2656)

Outpatient 141 (795) 191 (996)

ED 13 (92) 41 (233)

Pharmacy 18 (48) 20 (79)

Otherc 17 (131) 37 (298)

All cause

Total 2830 (5971) 4676 (8751)

Hospitalization 1196 (4301) 2317 (6511)

Outpatient 906 (2207) 1181 (2717)

ED 77 (310) 158 (480)

Pharmacy 407 (1313) 593 (1626)

Otherc 254 (1781) 442 (2019)

ACEi angiotensin-converting enzyme inhibitor, ARB angiotensin II receptor blocker, ARNi angiotensin receptor neprilysin
inhibitor, CCI Charlson Comorbidity Index, CDHP consumer-driven health plan, DPP4i dipeptidyl peptidase 4 inhibitor,
ED emergency department, GLP-1 RA glucagon-like peptide 1 receptor agonist, HCRU health care resource utilization,
HDHP health deductible health plan, HF heart failure, HFrEF heart failure with reduced ejection fraction, HMO health
maintenance organization, POS point of service, PPO preferred provider organization, PPPM per patient per month, SD
standard deviation, SGLT2i sodium-glucose cotransporter 2 inhibitor
a Data are for patients who received any of the listed medications for HF within 90 days prior to the index date
b Data are for patients who received any of the listed medications during the full 1-year pre-index baseline period
c Costs in Other category were incurred from the following settings or types of care: telehealth nursing facility, skilled
nursing facility, school, custodial care facility, homeless shelter, hospice, adult living care facility, Indian Health Service free-
standing facility, Indian Health Service provider-based facility, tribal free-standing facility, tribal provider-based facility,
ambulance (land), ambulance (air or water), independent clinic, prison-correctional facility, federally qualified health center,
inpatient psychiatric facility, patient home, psychiatric facility, partial hospitalization, assisted living facility, community
mental health center, group home, intermediate care facility for individuals with intellectual disability, mobile unit,
residential substance abuse facility, temporary lodging, psychiatric residential treatment center, walk-in retail health clinic,
nonresidential substance abuse facility, place of employment/worksite, mass immunization center, outpatient hospital off
campus, comprehensive inpatient rehabilitation facility, comprehensive outpatient rehabilitation facility, end-stage renal
disease facility, state/local public health clinic, rural health clinic, independent laboratory, birthing center, military treatment
facility, inpatient long-term care, other inpatient care, and other/unknown
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Table 2 Unadjusted HCRU and costs during the worsening and post-worsening assessment periods

Worsening assessment period Post-worsening assessment period

Patients with
stable chronic
HFrEF
(N = 12,186)

Patients with
chronic HFrEF
following a
worsening HF
event (N = 4460)

P value Patients with
stable chronic
HFrEF
(N = 12,186)

Patients with
chronic HFrEF
following a
worsening HF
event (N = 4460)

P value

Duration of

study period,

mean (SD)

days

–a –a 329 (86) 310 (103) –

HF-related HCRU, mean (SD) PPPM

Hospitalizations –b –b –b 0.02 (0.01) 0.08 (0.03) \ 0.0001

Length of

hospital stay

–b –b –b 0.15 (0.07) 0.68 (0.27) \ 0.0001

Outpatient

visits

1.33 (0.36) 1.65 (0.50) \ 0.0001 1.23 (0.32) 1.46 (0.41) \ 0.0001

ED visits 0.008 (0.002) 0.093 (0.041) \ 0.0001 0.02 (0.01) 0.07 (0.02) \ 0.0001

All-cause HCRU, mean (SD) PPPM

Hospitalizations 0.02 (0.01) 0.16 (0.01) \ 0.0001 0.04 (0.02) 0.13 (0.05) \ 0.0001

Length of

hospital stay,

days

0.28 (0.10) 1.43 (0.06) \ 0.0001 0.27 (0.13) 1.00 (0.42) \ 0.0001

Outpatient

visits

2.77 (1.26) 3.89 (1.77) \ 0.0001 2.51 (1.27) 3.31 (1.91) \ 0.0001

ED visits 0.06 (0.02) 0.24 (0.01) \ 0.0001 0.07 (0.02) 0.20 (0.07) \ 0.0001

HF-related costs, mean (SD) $ PPPM

Total 363 (596) 3446 (5658) \ 0.0001 595 (1215) 1946 (3984) \ 0.0001

Hospitalization –b –b –b 441 (170) 1585 (444) 0.0003

Outpatient 295 (542) 494 (909) \ 0.0001 143 (283) 297 (592) \ 0.0001

ED 9 (3) 86 (15) \ 0.0001 17 (6) 71 (23) \ 0.0001

Pharmacy 34 (4) 42 (3) 0.0017 42 (6) 52 (7) \ 0.0001

Otherc 27 (3) 135 (11) \ 0.0001 14 (4) 91 (26) \ 0.0001

All-cause costs, mean (SD) $ PPPM

Total 2428 (3034) 10,470 (13,086) \ 0.0001 2991 (4731) 7944 (12,582) \ 0.0001

Hospitalization 467 (238) 6434 (276) \ 0.0001 1534 (715) 4984 (1940) \ 0.0001

Outpatient 1182 (34) 2162 (46) \ 0.0001 789 (1251) 1549 (2456) \ 0.0001

ED 62 (17) 244 (23) \ 0.0001 75 (25) 213 (70) \ 0.0001
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following a WHFE could have had an HF-related
hospitalization. During the worsening assess-
ment period, HF-related HCRU was significantly
different for outpatient visits and ED visits
(P\0.0001; Table 2). All-cause HCRU was sig-
nificantly different for all settings of care
(P\0.0001; Table 2). These trends were similar
during the post-worsening assessment period,
which had a mean (SD) duration of 310 (103)
days for patients with chronic HFrEF following a
WHFE and 329 (86) days for patients with
stable chronic HFrEF. During this period, both
HF-related and all-cause HCRU in all settings of
care were significantly higher in patients with
chronic HFrEF following a WHFE than in
patients with stable chronic HFrEF (P\0.0001;
Table 2). As an example, mean HF-related hos-
pitalizations were four times as frequent in

patients with a WHFE vs. stable patients (0.08
vs. 0.02; Table 2).

Unadjusted Costs During the Worsening
and Post-Worsening Assessment Periods
Unadjusted costs were significantly higher for
patients with chronic HFrEF following a WHFE
compared with patients with stable chronic
HFrEF during both the worsening and post-
worsening assessment periods (P\0.0001;
Table 2). The main driver of total HF-related
cost PPPM in the post-worsening assessment
period was the HF-related hospitalization cost
PPPM, which was $1585 for patients with
chronic HFrEF following a WHFE and $441 for
patients with stable chronic HFrEF. Therefore,
the cost of an HF hospitalization ranged
between $19,813 ($1585 PPPM/0.08

Table 2 continued

Worsening assessment period Post-worsening assessment period

Patients with
stable chronic
HFrEF
(N = 12,186)

Patients with
chronic HFrEF
following a
worsening HF
event (N = 4460)

P value Patients with
stable chronic
HFrEF
(N = 12,186)

Patients with
chronic HFrEF
following a
worsening HF
event (N = 4460)

P value

Pharmacy 507 (23) 735 (27) \ 0.0001 525 (23) 729 (27) \ 0.0001

Otherc 327 (27) 943 (65) \ 0.0001 281 (48) 1000 (216) \ 0.0001

ED emergency department, HCRU health care resource utilization, HF heart failure, HFrEF heart failure with reduced
ejection fraction, PPPM per patient per month, SD standard deviation
a By definition, the worsening assessment period had a duration of 12 months (365 days)
b By definition, only patients with chronic HFrEF following a worsening HF event could have had an HF-related
hospitalization during the worsening assessment period; therefore, a comparative assessment of number of hospitalizations
during this period was not performed between patients with stable chronic HFrEF and patients with chronic HFrEF
following a worsening HF event
c Costs in Other category were incurred from the following settings or types of care: telehealth nursing facility, skilled
nursing facility, school, custodial care facility, homeless shelter, hospice, adult living care facility, Indian Health Service free-
standing facility, Indian Health Service provider-based facility, tribal free-standing facility, tribal provider-based facility,
ambulance (land), ambulance (air or water), independent clinic, prison-correctional facility, federally qualified health center,
inpatient psychiatric facility, patient home, psychiatric facility, partial hospitalization, assisted living facility, community
mental health center, group home, intermediate care facility for individuals with intellectual disability, mobile unit,
residential substance abuse facility, temporary lodging, psychiatric residential treatment center, walk-in retail health clinic,
nonresidential substance abuse facility, place of employment/worksite, mass immunization center, outpatient hospital off
campus, comprehensive inpatient rehabilitation facility, comprehensive outpatient rehabilitation facility, end-stage renal
disease facility, state/local public health clinic, rural health clinic, independent laboratory, birthing center, military treatment
facility, inpatient long-term care, other inpatient care, and other/unknown
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hospitalizations PPPM) and $22,050 ($441
PPPM/0.02 hospitalizations PPPM) using the
mean number of HF-related hospitalizations
PPPM.

Adjusted HCRU During the Worsening
and Post-Worsening Assessment Periods
After adjustment for multiple baseline charac-
teristics, HCRU remained higher in patients

with chronic HFrEF following a WHFE than in
patients with stable chronic HFrEF (Fig. 2).
Adjusted mean HCRU was higher in the former
group in both assessment periods, for both HF-
related and all-cause HCRU, and across all care
settings (P\0.0001 for all; Fig. 2). For example,
adjusted HF-related ED visits were 11.6 times
more frequent in patients with a WHFE in the
worsening assessment period (0.093 vs. 0.008)

Fig. 2 Adjusted HCRU in the worsening and post-
worsening assessment periods. HCRU was reported by
setting of care (hospitalization, outpatient, and emergency
department) for patients with stable chronic HFrEF versus
patients with chronic HFrEF following a worsening HF
event, and reported separately for HF-related and all cause-
related services. HCRU data were adjusted with the
following baseline demographic and clinical characteristics:
gender, geographic region, health plan type, modified
Charlson Comorbidity Index, HF medication use within
90 days prior to the index date, and HCRU during the
12-month baseline period (all-cause hospitalizations and
outpatient visits). Abbreviations: ED, emergency

department; HF, heart failure; HFrEF, heart failure with
reduced ejection fraction; HCRU, health care resource
utilization; SD, standard deviation. aP\ 0.0001 for
difference between patients with stable chronic HFrEF
and patients with chronic HFrEF following a worsening
HF event. bBy definition, only patients with chronic
HFrEF following a worsening HF event could have had an
HF-related hospitalization during the worsening assess-
ment period; therefore, a comparative assessment of
number of hospitalizations during this period was not
performed between patients with stable chronic HFrEF
and patients with chronic HFrEF following a worsening
HF event
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Fig. 3 Adjusted costs in the worsening and post-worsening
assessment periods. Costs are reported by setting of care
(hospitalization, outpatient, emergency department, phar-
macy, and other) for patients with stable chronic HFrEF
versus patients with chronic HFrEF following a worsening
HF event, and reported separately for HF-related and all
cause-related services. Costs were adjusted with the follow-
ing baseline demographic and clinical characteristics: gender,
geographic region, health plan type, modified Charlson
Comorbidity Index, HF medication use within 90 days
prior to the index date, and HCRU during the 12-month
baseline period (all-cause inpatient and outpatient visits).
Abbreviations: ED, emergency department; HCRU, health
care resource utilization; HF, heart failure; HFrEF, heart

failure with reduced ejection fraction; SD, standard devia-
tion; US$, United States dollars. aP\ 0.0001 for difference
between patients with stable chronic HFrEF and patients
with chronic HFrEF following a worsening HF event.
bP = 0.0006 for difference between patients with
stable chronic HFrEF and patients with chronic HFrEF
following a worsening HF event. cBy definition, only
patients with chronic HFrEF following a worsening HF
event could have had an HF-related hospitalization during
the worsening assessment period; therefore, a comparative
assessment of number of hospitalizations during this period
was not performed between patients with stable chronic
HFrEF and patients with chronic HFrEF following a
worsening HF event
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and 3.5 times more frequent in the post-wors-
ening assessment period (0.07 vs. 0.02). Adjus-
ted mean HF-related hospitalizations during the
post-worsening assessment period remained
similar to their unadjusted values (0.09 in
worsening patients vs. 0.02 in stable patients).
For all-cause HCRU in the worsening assess-
ment period, patients with chronic HFrEF fol-
lowing a WHFE were hospitalized more often
than patients with stable chronic HFrEF (ad-
justed mean PPPM of 0.16 ± 0.04 hospitaliza-
tions, compared with 0.02 ± 0.02 (P\ 0.0001)
(Fig. 2). Likewise, patients with stable chronic
HFrEF had fewer all-cause ED visits compared
with patients with chronic HFrEF following a
WHFE (adjusted mean PPPM 0.06 ± 0.04 vs.
0.25 ± 0.09 visits, P\0.0001). Trends were
similar in the post-worsening assessment per-
iod: all-cause HCRU was greater for patients
with chronic HFrEF following a WHFE versus
patients with stable chronic HFrEF, with more
hospitalizations (adjusted mean PPPM
0.14 ± 0.06 vs. 0.04 ± 0.03, P\ 0.0001) and
more ED visits (adjusted mean PPPM
0.21 ± 0.11 vs. 0.08 ± 0.05, P\ 0.0001)
(Fig. 2).

Adjusted Costs During the Worsening
and Post-Worsening Assessment Periods
The adjusted mean total HF-related cost of care
PPPM during the worsening assessment period
was $383 ± $1064 for patients with
stable chronic HFrEF and $3647 ± $7636 for
patients with chronic HFrEF following a WHFE
(P\0.0001). The mean total all-cause cost of
care PPPM was $2195 ± $4572 for patients with
stable chronic HFrEF and $8657 ± $13,150 for
patients with chronic HFrEF following a WHFE
(P\0.0001). The primary driver of all-cause
costs was hospitalization for patients with
chronic HFrEF following a WHFE, while the
primary driver of all-cause costs was outpatient
visits in patients with stable chronic HFrEF
(Fig. 3).

The mean total HF-related cost PPPM during
the post-worsening assessment period was
$628 ± $2301 for patients with stable chronic
HFrEF and $2044 ± $5610 for patients with
chronic HFrEF following a WHFE (P\ 0.0001).
The mean total all-cause cost PPPM was

$2849 ± $7681 for patients with stable chronic
HFrEF and $6809 ± $13,728 for patients with
chronic HFrEF following a WHFE (P\ 0.0001).
The primary driver of both HF-related and all-
cause costs was hospitalization among both
patients with stable chronic HFrEF and patients
with chronic HFrEF following a WHFE (Fig. 3).
Comparisons of costs between patients with
chronic HFrEF following a WHFE and patients
with stable chronic HFrEF did not vary with
adjustment in the worsening or post-worsening
assessment periods.

DISCUSSION

The present report represents the first study to
retrospectively assess claims-based data on
commercially insured adult patients younger
than age 65 years with chronic HFrEF and to
compare HCRU and costs between patients fol-
lowing a WHFE versus those with chronic HFrEF
who remained stable. The study design sup-
ported an evaluation of HCRU and cost trends
for a period during which patients with chronic
HFrEF could have developed a WHFE (worsen-
ing assessment period) and then a subsequent
12-month follow-up period (post-worsening
assessment period). The study was designed
from the perspective of a private payer and the
population was restricted to commercially
insured patients aged younger than 65 years.

This study showed that for commercially
insured patients, HCRU and costs were higher
in patients with chronic HFrEF following a
WHFE versus patients with stable chronic HFrEF
during both the worsening assessment and
post-worsening assessment periods. This was
true in the unadjusted analysis and also after
adjusting for multiple variables, including gen-
der, geographic region, health plan type, mod-
ified CCI, HF medication use within 90 days
prior to the index date, and HCRU during the
12-month baseline period. The same results
were observed after adjustment of patient
characteristics, suggesting that a WHFE is asso-
ciated with increased clinical and economic
burden as indicated by increased HCRU and
associated costs, during both the period of
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worsening and for an extended period after the
WHFE.

At baseline, patients with chronic HFrEF
following a WHFE had higher comorbidity
burden compared with patients with
stable chronic HFrEF, as indicated by a higher
mean modified CCI score and a higher preva-
lence of comorbidities associated with progres-
sion of HF including chronic kidney disease,
type 2 diabetes, coronary artery disease, and
hypertension. Even with more comorbidities at
baseline among the higher risk group of
patients with chronic HFrEF following a WHFE,
use of HF-related medications within 90 days
prior to the index date was generally similar
except for ACEi/ARBs and diuretics. The use of
ACEi/ARBs at baseline was lower among
patients with chronic HFrEF following a WHFE
versus patients with stable chronic HFrEF, for
whom diuretic use was higher. The low use of
ACEi/ARB, a recommended guideline therapy
for chronic HFrEF by the American College of
Cardiology Foundation/American Heart Associ-
ation/Heart Failure Society of America [21], may
have led to the higher likelihood of a worsening
event and likely represents either clinician
concern of an adverse effect (e.g., worsening
renal function) or tolerability and safety (e.g.,
hypotension) among this highly comorbid
patient population. In addition, diuretics are
often used to manage HF symptoms such as
edema. The higher use of diuretics at baseline in
patients with chronic HFrEF following a WHFE
may suggest that patients with chronic HFrEF
experience symptoms and disease progression
at baseline leading to HF hospitalization and a
need for IV diuretics. Moreover, less renin–an-
giotensin–aldosterone system inhibitor therapy
and the need for more diuretic use to offset HF
symptoms, despite the risks associated with
diuretics, highlight the challenges associated
with managing patients with chronic HFrEF
following a WHFE and the need for novel
therapeutic options with better efficacy and
safety profiles.

This study required that patients had
12 months of continuous enrollment after the
HFrEF index date, which meant that all inclu-
ded patients had survived through at least the
12-month worsening assessment period. This

design contrasts with other studies that inclu-
ded patients who died during the period
immediately following diagnosis because of the
availability of mortality data, and who therefore
would have incurred higher costs [32, 33]. A
retrospective claims study from a large US
health plan (commercial and Medicare Advan-
tage with Part D) showed that costs within
1 year after an HF-related encounter were
markedly higher for patients who died versus
those who survived during that period. The cost
difference occurred despite the truncated post-
index period for those who died, and the largest
cost driver was hospitalizations [33]. Given that
mortality is associated with increased cost, the
present study likely underestimates costs during
the worsening assessment period by including
only patients with 12 months continuous
enrollment after HFrEF diagnosis.

Developing worsening HF has been associ-
ated with increased HCRU and associated costs
[12]. A real-world study of in-hospital patients
with worsening HF from the Acute Decompen-
sated Heart Failure National Registry (ADHERE)
reported an increased risk of all-cause and HF-
related readmissions at 30 days and 1 year, with
associated increase in Medicare costs [12]. In
that study, worsening HF was studied among
already hospitalized patients and was defined as
a need for therapy escalation at least 12 h after
hospitalization, including initiation of ino-
tropic medications or an intravenous dilator
more than 12 h after hospitalization, transfer to
intensive care, or treatment with advanced
medical therapy after the first hospitalization
day. The mean Medicare payments after dis-
charge for patients with worsening HF were
$6510 at 30 days and $35,159 at 1 year [12].
Even though patients with worsening HF were
identified differently, the overall findings of
higher costs and hospitalizations with an in-
hospital worsening event are consistent with
the results of the present study.

Although existing cost studies have focused
on the overall burden of HF, this study quanti-
fied the long-term clinical and economic bur-
den of patients with chronic HFrEF following a
WHFE versus patients with stable chronic HFrEF
and highlighted the importance of optimizing
the management of this population. Despite
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detailed clinical guidelines on treating patients
with chronic HFrEF, along with newer therapies
[21], there is still an unmet need for treatments
or management strategies that can prevent or
delay further HF events and the incremental
costs associated with the events [34].

Limitations

The study was subject to limitations of the
patient population studied and of the data
acquired from the claims databases. The study
included patients according to the presence of
systolic HF ICD-10 codes, which could have
included undiagnosed, underdiagnosed, or
misdiagnosed patients with HFrEF [35]. Identi-
fication of eligible patients via ICD codes did
not include a measurement of LVEF, so we do
not know the actual EF values for the study
population. The data analyzed were from claims
used for billing purposes and may be subject to
data errors, such as miscoding of medication;
but errors of this type would apply to both
cohorts assessed in this study. The study popu-
lation was limited to commercially insured
patients aged younger than 65 and focused only
on patients who were fully covered by private
insurance, which means further study is war-
ranted to investigate whether similar trends
exist among older patients and those with other
types of coverage, including Medicare and
Medicaid.

CONCLUSIONS

A retrospective claims-based study of commer-
cially insured adult patients less than 65 years
old showed that unadjusted and adjusted HCRU
and costs were higher for patients with chronic
HFrEF following a WHFE versus patients with
stable chronic HFrEF during a 12-month wors-
ening assessment period and continued to be
higher for an additional 12 months after this
period. The study shows that there is still a
significant unmet need among patients with
chronic HFrEF following a WHFE compared to
patients with chronic HFrEF who remain stable.
Therefore, prevention and/or treatment follow-
ing a WHFE has the potential to reduce

increased HCRU and costs, which themselves
are associated with deleterious outcomes,
including mortality.
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