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ABSTRACT

Introduction: Prior research suggests increased

costs during the final months of life, yet little is

known about healthcare cost differences between

patients with heart failure (HF) who die or survive.

Methods: A retrospective claims study from a

large US health plan [commercial and Medicare

Advantage with Part D (MAPD)] was conducted.

Patients were C18 years old with two

non-inpatient or one inpatient claim(s) with HF

diagnosis code(s). TheearliestHFclaimdateduring

1 January 2010–31 December 2011 was the index

date. Cohort assignment was based on evidence of

death within 1 year (decedents) or survival

for [1 year (survivors) post-index.

Per-patient-per-month (PPPM) and 1-year

(variable decedent follow-up) costs (all-cause and

HF-related) were calculated up to 1 year

post-index. Cohorts were matched on

demographic and clinical characteristics.

Independent samples t tests and Pearson’s

chi-square tests were used to examine cohort

differences.

Results: Among patients with HF, 8344

survivors were 1:1 matched to decedents

[mean age 75 years, 50% female, 88% MAPD;

mean time to decedents’ death: 150 (SD 105)

days]. Compared to survivors, more decedents

had no pharmacy claims for HF-related

outpatient pharmacotherapy within 60 days

post-index (42.1% vs. 27.1%; p\0.001).

Decedents also incurred higher all-cause

medical costs (PPPM: $21,400 vs. $2663; 1

year: $60,048 vs. $32,394; both p\0.001) and

higher HF-related medical costs (PPPM: $16,477

vs. $1358; 1 year: $39,052 vs. $16,519; both

p\0.001). Hospitalizations accounted for more

than half of all-cause PPPM medical costs

(54.6% for survivors, 84.3% for decedents).
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Conclusion: Patients with HF who died within

1 year after an index HF encounter incurred

markedly higher costs within 1 year (despite the

much shorter post-index period) and PPPM

costs than those who survived, with the

majority of costs attributable to

hospitalizations for both patient cohorts.

There may be opportunities for improving

outcomes in HF, considering higher use of

pharmacotherapy and lower costs were seen

among survivors.

Keywords: Administrative claims studies;

Cardiology; Heart failure; Healthcare costs;

Pharmacotherapy; Survivor-decedent analysis

INTRODUCTION

Chronic heart failure (HF) is a progressive,

incurable condition with an

unpredictable course that affected nearly 6

million people in the USA in 2012 [1] and is

expected to affect [8 million by 2030 [2].

Mortality due to HF is higher than for most

forms of cancer, with 10.4% of patients with HF

dying within 30 days of initial diagnosis, 22.0%

within 1 year, and 50% within 5 years [3–5]. In

addition, the US annual healthcare costs for HF

were estimated at $31 billion in 2012 and are

expected to rise to $70 billion by 2030 [2].

Because of high healthcare resource use

associated with HF disease management,

coupled with the high and increasing

prevalence, HF represents a major and growing

economic burden to the US healthcare system.

Effectively managing rising healthcare costs for

HF is an important public health goal for US

payers given mounting budgetary constraints.

Prior studies on the general population have

reported an increase in healthcare costs over the

last year of life [6–8]. For example, for all disease

states within a given year, Medicare spending

was found to be sixfold higher for patients who

died as compared to those who survived, with

the main driver of higher costs among

decedents being increasing hospitalization

within a few months prior to death [9–11].

Although similar trends of higher end-of-life

costs have been reported in patients with HF

[12–14], there is scarce information comparing

healthcare costs among decedents at end of life

versus survivors within a given time period.

Consequently, stakeholders may not consider

or incorporate these costs into economic

models and subsequent decision making

related to treatments for HF.

Information on net end-of-life costs in

decedents versus survivors with HF should

provide a better understanding of the cost

burden and serve as a useful input to US

payers and policymakers evaluating the

economic value of innovative treatments that

reduce mortality in patients with HF.

Furthermore, examining net end-of-life costs

stratified by health plan type may provide

added insights on end-of-life cost trends given

the expected impact of differences in plan

structure on overall costs. Therefore, the

objective of this study was to compare total

healthcare costs in a given year between

patients with HF who died to those who

survived, stratified by health plan type

[commercial or Medicare Advantage with Part

D (MAPD)].

METHODS

Study Design and Data Sources

This retrospective cohort study evaluated

de-identified healthcare claims data for

enrollees in commercial MAPD health plans.
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Pharmacy and medical claims and enrollment

data were obtained from the OptumTM Research

Database (ORD). The ORD provides a

geographically diverse sample drawn from

*14 million commercial and 500,000 MAPD

enrollees annually in the US. Mortality data

from the Social Security Administration (SSA)

death master files were merged with the claims

data to supplement claims-based evidence of

death. This study was conducted in compliance

with the Health Insurance Portability and

Accountability Act privacy rules.

Study Sample

Patients aged C18 years were included in the

study sample if they had an HF diagnosis code

(International Classification of Diseases, Ninth

Edition, Clinical Modification [ICD-9-CM]

codes 402.x1, 404.x1, 404.x3, 428.xx [15]) in

any position on claim(s) for C1 inpatient

hospitalization or C2 non-inpatient

encounters (occurring on 2 different dates)

during a 2-year identification period (1

January 2010 through 31 December 2011). The

index date was defined as the date of the earliest

qualifying claim with a diagnosis code for HF.

Patients were required to be continuously

enrolled in their health plan for 12 months

prior to the index date (defined as the pre-index

period) and for at least 30 days following the

index date through the earliest occurrence of

disenrollment, death, or 364 days post-index.

Patients were excluded if specific data points

were missing (unknown gender, geographic

region, or health plan type) or if age at index

was C65 years for commercial enrollees (costs

are likely to be underreported in commercial

enrollees eligible for Medicare). Patients were

also excluded if the date of any claim was more

than 45 days following the date of death to

ensure no survivors were included in the death

cohort. Two mutually exclusive cohorts were

defined based on survival [survivors (no

evidence of death, confirmed by the presence

of any claims [12 months post-index)] or

evidence of death (decedents) during the first

12 months following (and including) the index

date.

Patient Characteristics and Costs

Demographic characteristics included age at

index, gender, race/ethnicity, health plan type,

and geographic region of residence based on US

Census classification [16]. Clinical

characteristics examined during the pre-index

period included prior diagnosis code for HF,

Quan-Charlson comorbidity score [17]

(categorized as 0, 1–2, 3–4, C5), comorbid

atrial fibrillation (AF), and comorbid diabetes.

For patients with pre-index HF,

guideline-directed HF-related outpatient

pharmacotherapies (HFRx) [18] were captured

for two periods: for 12 months pre-index for the

subset of patients with pre-index HF and for

60 days post-index. For patients with no

pre-index HF, HFRx was captured only during

the 60 days post-index. The HFRx was

characterized by treatment pattern (mono,

dual, triple therapy or no presence of

pharmacotherapy) during each of the two

respective periods. The categories of HFRx

included angiotensin-converting enzyme

inhibitors (ACE-Is), angiotensin-receptor

blockers (ARBs), beta blockers, aldosterone

receptor antagonists (AAs), and other

pharmacotherapies (e.g., diuretics,

hydralazine ? isosorbide dinitrate, digoxin)

(Supplemental Table S1).

Costs were recorded for up to the first

12 months (365 days) following (and including)

the indexdate as cumulative costs. Patients in the

decedent cohort died during the 12-month

post-index period and therefore had a shorter

post-index period than patients in the survivor
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cohort. Therefore, per-patient-per-month

(PPPM) costs were computed to adjust for the

variable post-index duration. Combined health

plan-paid andpatient-paid amountswere used to

calculate all-cause and HF-related costs, reported

as total costs (medical plus pharmacy), medical

(combined ambulatory/office, emergency room

services, inpatient hospitalization, and other

medical), and pharmacy costs. The Consumer

Price Indexwas applied to adjust costs to 2013US

dollars [19].

Analyses

To control for confounding, patients in the

decedent cohort were hard matched in a 1:1 ratio

to those in the survivor cohort. The goal of

matching was to ensure study cohorts were as

similar as possible in underlying patient

characteristics, without eliminating clinical

characteristics that were either direct or indirect

drivers of HF-related or mortality-related costs.

Matching variables were index year, age group,

gender, health plan type (commercial or MAPD),

geographic region, race/ethnicity, pre-index AF,

pre-indexdiabetes, andwhether thepatienthadno

pre-index HF, pre-index HF diagnoses with

pre-index HFRx, or pre-index HF diagnoses

without HFRx. Patients who could not be

matchedwere excluded from post-match analysis.

All study variables were presented as

percentages for dichotomous and

polychotomous variables and as means (? SD)

for continuous variables. Costs were compared

between thedecedent and survivor cohorts using

Pearson’s chi-square test for dichotomous and

polychotomous variables and independent

samples t test for continuous variables.

All statistical analyses were performed using

SAS 9.2. Statistical significance was achieved at

a = 0.05.

RESULTS

A total of 229,056 patients with evidence of HF

were identified. Applying additional inclusion

criteria yielded a final study sample of 93,879

patients (12,650 decedents and 81,229

survivors; Fig. 1).

Patient Characteristics

Demographic and clinical characteristics are

displayed in Tables 1 and 2. The unmatched

sample included 12,650 decedents and 81,229

survivors. Statistically significant differences

(p\0.001) were noted for most pre-match

demographic characteristics, other than gender

(Table 1). Before matching, a higher percentage

of decedents had pre-index HF (Table 2).

Among individuals with pre-index HF, a lower

percentage of patients in the decedent cohort

had pre-index HFRx [85.1% (4114 of 4836)] as

compared with the survivor cohort [88.0%

(23,445 of 26,636), p\0.001]. The pre-match

decedent cohort also included a higher

percentage of patients with AF and higher

percentages with elevated (i.e., 3–4, C5)

Quan-Charlson comorbidity scores. A higher

percentage of pre-match decedents had no

evidence of HFRx within 60 days post-index,

and for each HFRx regimen, other than

monotherapy AA, lower percentages of

decedents were receiving each regimen than

their survivor counterparts.

After matching, 8344 patients were included

in each cohort. The matched decedent cohort

had higher percentages with elevated (i.e., 3–4,

C5) Quan-Charlson comorbidity scores.

However, the patterns of HFRx within 60 days

post-index were similar between the cohorts

before and after matching (Tables 1, 2).
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Cumulative Healthcare Costs

The post-index cumulative all-cause and

HF-related healthcare costs for matched

cohorts are displayed in Table 3 and Fig. 2.

Costs are described by survival status both for

the full sample (non-stratified) and stratified by

health plan type (commercial, MAPD). Among

the full sample, mean (SD) total all-cause costs

(medical plus pharmacy) for decedents were

70.3% higher than for survivors [decedents:

$62,036 ($112,486); survivors: $36,426

($60,845), p\0.001]. Decedents’ HF-related

medical costs were more than double the costs

incurred by survivors [$39,052 ($95,768) vs.

$16,519 ($44,755), p\0.001]. Hospitalizations

HF diagnosis code in any posi�on on claims for ≥1 
inpa�ent hospitaliza�on or ≥2 non-inpa�ent encounters 

during 1/1/10-12/31/11

N=229,056

Aged ≥18 at index 
N=228,210

Known gender, geographic region, and health plan type; or 
aged <65 years at index among commercial enrollees

N=118,128

Decedents: evidence of death 
during first 12 months post-index

N=12,650

Con�nuous health plan enrollment for 12 months pre-
index to ≥1 month post-index (to disenrollment, date 

of death, or 364 days post-index)
N=141,877

Survivors: con�nuously enrolled for 12 months 
post-index; without evidence of death during first 

12 months post-index; and with any claim >12 
months post-index, N=81,229

≥1 
-

-

N=

d

du -

-
1 -

-

-
-

-

Fig. 1 Study sample selection and attrition. HF heart
failure, HFRx heart failure-related pharmacotherapy,
ICD-9-CM International Classification of Diseases, Ninth
Edition, Clinical Modification. Index date was defined as
the date of the earliest qualifying claim with a diagnosis
code for HF (ICD-9-CM codes 402.x1, 404.x1, 404.x3,
428.xx). Age was calculated as of index date; 8344 patients

in the decedent cohort were hard matched (1:1) to those
in the survivor cohort. Matching variables were index year,
age group, gender, health plan type, geographic region,
race/ethnicity, pre-index atrial fibrillation, pre-index dia-
betes, and whether the patient had no pre-index HF,
pre-index HF diagnoses with pre-index HFRx, or pre-in-
dex HF diagnoses without HFRx
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accounted for the largest component of

all-cause total costs for each cohort, with the

percentage of costs due to hospitalizations

approximately 25-percentage points higher in

decedents compared to survivors (73.4% for

decedents vs. 48.5% for survivors).

Hospitalizations similarly accounted for the

largest component of HF-related medical costs

Table 1 Demographic characteristics, pre-match and matched decedent and survivor cohorts

Pre-matched Matched

Decedents
(N5 12,650)

Survivors
(N5 81,229)

Decedents
(N5 8344)

Survivors
(N5 8344)

Index year, %

2010 74.2 68.4*** 74.0 74.0

2011 25.8 31.6*** 26.0 26.0

Age, years, mean (SD) 78.0 (9.9) 70.7 (13.1) 75.6 (10.8) 74.8 (10.8)***

Age group, years, %

18–44 0.7 3.7*** 1.0 1.0

45–64 11.5 29.0*** 16.9 16.9

65–74 16.6 21.2*** 22.9 22.9

C75 71.2 46.2*** 59.2 59.2

Female gender, % 52.6 52.0 49.5 49.5

Health plan type, %

Commercial 7.9 25.9*** 11.6 11.6

MAPD 92.1 74.1*** 88.4 88.4

Geographic region, %

Northeast 16.9 11.5*** 18.0 18.0

Midwest 35.1 35.0 31.2 31.2

South 40.3 44.6*** 39.6 39.6

West 7.8 8.9*** 11.2 11.2

Race/ethnicity, %

White 75.8 72.6*** 65.0 65.0

African-American 10.9 12.9*** 15.4 15.4

Hispanic 3.4 4.8*** 5.1 5.1

Other 1.0 1.1 1.3 1.3

Missing 8.9 8.7 13.3 13.3

All patients in the survivor cohort were living at 12 months post-index; patients in the decedent cohort died within 12
months post-index [mean post-index time to death: 150 days (pre-match and matched)]
MAPD Medicare Advantage with part D, SD standard deviation
*** Statistically significant differences between survivors and decedents at p\0.001
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in each cohort, with a 10-percentage point

difference between decedents and survivors

(92.0% for decedents; 82.0% for survivors).

When stratified by health plan type,

cumulative costs were two- to fourfold higher

among commercial enrollees than MAPD

enrollees (Table 3). Comparing cumulative

costs between decedents and survivors within

each health plan type, statistically significant

differences were detected for nearly all cost

categories. Among commercial enrollees, 80.1%

of total all-cause costs [$179,095 ($266,618)] for

decedents were due to hospitalizations

[$143,375 ($253,789)], whereas

Table 2 Clinical characteristics, pre-match and matched decedent and survivor cohorts

Pre-matched Matched

Decedents
(N5 12,650)

Survivors
(N5 81,229)

Decedents
(N5 8344)

Survivors
(N5 8344)

Pre-index HF history and HFRx, %�

De novo HF 61.8 67.2*** 59.5 59.5

Pre-index HF with any pre-index HFRx 32.5 28.9*** 32.2 32.2

Pre-index HF with no pre-index HFRx 5.7 3.9*** 8.3 8.3

Pre-index comorbid conditions, %

AF 34.1 25.5*** 36.0 36.0

Diabetes 42.0 41.5 47.6 47.6

Pre-index Quan-Charlson comorbidity score, %

0 13.0 22.7*** 11.6 17.9***

1–2 27.8 37.4*** 26.2 35.7***

3–4 33.0 28.3*** 33.3 31.6

C5 26.3 11.6*** 28.9 14.8***

HFRx within 60 days post-index, %

Monotherapy ACE-I/ARB 9.2 13.8*** 9.1 13.2***

Monotherapy beta blocker 17.9 18.6 17.2 18.6*

Monotherapy AA 1.5 1.3 1.6 1.4

Dual-therapy ACE-I/ARB plus beta blocker 15.0 26.3*** 15.0 24.6***

Triple-therapy ACE-I/ARB plus beta blocker plus AA 2.3 4.5*** 2.5 3.5***

Other HFRx 12.9 11.3*** 12.3 11.6

No evidence of HFRx 41.2 24.3*** 42.1 27.1***

All patients in the survivor cohort were living at 12 months post-index; patients in the decedent cohort died within
12 months post-index [mean post-index time to death: 150 days (pre-match and matched)]. Statistically significant
differences between survivors and decedents at *** p\0.001 or * p\0.05. � Pre-index HFRx was not examined for patients
with no pre-index HF diagnoses
AA aldosterone receptor antagonist, ACE-I angiotensin-converting enzyme inhibitor, AF atrial fibrillation, ARB
angiotensin-receptor blocker, HF heart failure, HFRx heart failure-related pharmacotherapy, SD standard deviation
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hospitalizations accounted for 57.9% of total

all-cause costs for survivors [total: $69,130

($138,429); hospitalizations $40,042

($120,935)]. For MAPD enrollees,

hospitalizations accounted for a slightly lower

proportional contribution to total all-cause

costs for each cohort [decedents total: $46,673

($54,394); $32,693 (70.0%) due to

hospitalizations; vs. survivors total: $32,134

($38,945); $14,737 (45.9%) for

hospitalizations].

Among the commercially enrolled,

decedents incurred 2.6-fold the total all-cause

costs and 3.2-fold the HF-related medical costs

as compared to survivors (Fig. 2). Within the

commercial sample, costs were higher across

each all-cause healthcare cost type for those

who died versus survived, with the exception of

pharmacy costs [decedents: $3707 ($10,065) vs.

survivors: $5724 ($8236), p\0.001]. HF-related

medical costs were 3.2-fold higher for those

who died [$116,603 ($238,486) vs. survivors:

$36,964 ($109,688); p\0.001] and represented

65.1% and 53.5% of total all-cause healthcare

costs, respectively. Hospitalizations accounted

for 96.3% and 88.1% of HF-related medical costs

for decedents and survivors, respectively. Costs

attributed to HF-related ambulatory care were

lower for decedents [$1789 ($7576) vs. survivors

$3555 ($13,239); p\0.001].

Among MAPD enrollees, decedents incurred

1.5-fold higher total all-cause costs as survivors

and 2.1-fold higher HF-related medical costs

(Fig. 2). Among MAPD enrollees, costs were also

higher for decedents than survivors for all

healthcare cost types with the exception of
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Fig. 2 Cumulative healthcare costs, matched decedent and
survivor cohorts, non-stratified and by health plan type.
HF, heart failure. All patients in the survivor cohort were
living at 12 months post-index; patients in the decedent
cohort died within 12 months post-index (mean post-in-
dex time to death for matched cohort: 150 days).

Comparisons of HF-related medical costs and outpatient
pharmacy costs between survivors and decedents were
statistically significant at p\0.001. Statistical comparisons
were not performed for non-HF medical costs. Percentages
listed demonstrate proportions of total all-cause costs
attributable to each type of cost

Adv Ther (2017) 34:261–276 269



higher ambulatory care [$4051 ($9322) vs.

$7287 ($12,720); p\0.001] and pharmacy

costs [$1762 ($3620) vs. $3809 ($6109);

p\0.001] among survivors. HF-related medical

costs [decedent: $28,875 ($45,000) vs. survivor:

$13,835 ($25,026), p\0.001], represented

61.9% and 43.1% of total all-cause costs for

decedents and survivors, respectively, with the

majority (89.7% and 79.8%) of HF-related

medical costs being attributable to

hospitalizations.

Per-Patient-Per-Month Healthcare Costs

The post-index PPPM all-cause and HF-related

healthcare costs for matched cohorts are

displayed in Table 4 and Fig. 3, accounting for

variable lengths of the post-index period.

Decedents had higher cumulative costs,

despite the survivors having a longer time

horizon for cost capture. The PPPM costs in all

resource categories were higher for decedents

than survivors; when stratified by health plan

type, there were isolated exceptions (HF-related

ambulatory costs for commercial enrollees,

all-cause pharmacy costs for MAPD enrollees)

(Table 4).

For commercial enrollees, PPPM total

all-cause costs were 11.6-fold higher for

patients who died [$66,084 ($122,848) vs.

survivors: $5682 ($11,378); p\0.001] (Fig. 3).

HF-related costs were 17.1-fold higher for those

who died [$52,050 ($121,054) vs. survivors:

$3038 ($9015), p\0.001], representing 78.8%

and 53.5% of total all-cause costs.

Among MAPD enrollees, PPPM total all-cause

costs were sixfold higher among decedents

versus survivors. All resource categories for

all-cause costs were higher (p\0.001) for

decedents versus survivors, with the exception

of all-cause pharmacy costs, which did not

differ. PPPM HF-related medical costs were

10.4-fold higher for the patients who died

(total: $11,808 ($23,074) vs. survivors: $1137

($2057); p\0.010), representing 74.1% and

43.1% of total all-cause healthcare costs.

HF-related hospitalizations accounted for most

(93.9% and 79.9%) of the HF-related costs.

DISCUSSION

Heart failure imposes a considerable cost

burden on society with annual US spending

on disease management estimated at $32 billion

in 2012 and projected at $70 billion by 2030 [2].

Effectively managing these high and rising costs

for HF has therefore become an important

public health goal for US payers and other

stakeholders given mounting budgetary

constraints. Although prior studies have

reported an escalation of the cost burden in

decedents with HF prior to death [12–14], none

performed relative comparisons with costs in

survivors, making it difficult to quantify the

impact of end-of-life care on HF costs. This

study compared total healthcare costs in a given

year between matched cohorts of decedents and

survivors separately for commercial and MAPD

plan enrollees. Such cost estimates will provide

a better understanding of the end-of-life cost

burden in patients with HF and may serve as

input in economic evaluations of innovative

treatments with a mortality benefit.

After cohort matching, decedent patients

with HF were found to incur mean all-cause

healthcare costs from index HF diagnosis until

death (variable average post-index period of

5 months) that were approximately twice as

large as mean all-cause 12-month costs for HF

survivors, this despite having a mean post-index

period that was 59% shorter (matched cohorts).

Decedents incurred mean costs of $62,036 as

compared to 12-month costs of $36,426 for
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survivors. The highest percentage of costs across

both cohorts was for hospitalizations. The

percentage of total costs attributed to

hospitalizations was higher in decedents

(73.4% of total) than survivors (48.5% of

total). These findings are consistent with prior

studies reporting hospitalization costs that

accounted for 70.4% [12] and 56.1% [14] of

end-of-life costs among patients with HF. These

results suggest a greater frequency of all-cause

hospitalizations and expensive inpatient

treatments at the end of life, among patients

with HF, which is not surprising given the

anticipated higher morbidity and health

complications in patients with HF close to

death.

A similar trend of higher costs among

decedents with HF was observed for HF-related

healthcare costs. Decedents had HF-related

costs more than twice those of survivors,

incurring a mean $39,052 versus $16,519 for

survivors over the post-index period. As with

all-cause cost estimates, hospitalizations

accounted for the highest percentage of costs

in both decedents and survivors. Of all cost

categories, only HF-related ambulatory costs

and all-cause pharmacy costs were lower in the

decedent cohort than the survivor cohort. It is

unclear whether these findings suggest a shift

from ambulatory care to hospital or palliative

care at the end of life in patients with HF or,

conversely, are reflective of a healthier survivor

cohort with higher ability to seek ambulatory

care.

After stratification by health plan type, the

trend of considerably higher mean costs in
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Fig. 3 Per-patient-per-month healthcare costs, matched
decedent and survivor cohorts, non-stratified and by health
plan type. HF, heart failure. All patients in the survivor
cohort were living at 12 months post-index; patients in the
decedent cohort died within 12 months post-index (mean
post-index time to death for matched cohort: 150 days).

Comparisons of HF-related medical costs and outpatient
pharmacy costs between survivors and decedents were
statistically significant at p\0.001. Statistical comparisons
were not performed for non-HF medical costs. Percentages
listed demonstrate proportion of total all-cause costs
attributable to each type of cost
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decedents than survivors remained; however,

the magnitude of difference in costs between

decedents and survivors was higher in

commercial plans (2.6-fold higher) than MAPD

plans (1.5-fold higher). This finding may

highlight known differences in the cost

structure between both plan types, with care

reimbursed at a higher rate in commercial plans

relative to MAPD plans. In addition, findings

may also reflect differences in the HF severity

level across both plan types; however, reliable

indicators of HF severity including New York

Heart Association (NYHA) functional class and

ACC/AHA staging were not available in the

study data set to evaluate this further.

PPPM costs calculated to adjust for variable

post-index periods between decedents and

survivors showed all-cause PPPM costs were

sevenfold higher in decedents (costs calculated

based on mean post-index period of 150 days

until death) than survivors (365-day post-index

period). Upon stratification by health plan type,

PPPM costs in decedents compared with

survivors were 12-fold higher among

commercial enrollees and 6-fold higher among

MAPD enrollees. Similar trends were observed

for PPPM HF-related costs. The PPPM findings

again reinforce the high cost burden associated

with mortality in patients with HF and could be

leveraged for economic assessments of HF

disease management interventions, including

pharmacotherapies that have a mortality

benefit.

Limitations

This study utilized administrative claims data

that are not designed for research purposes and

are subject to possible inaccuracy. Evidence of a

condition was identified using ICD-9-CM

diagnosis codes and may not necessarily

represent confirmed diagnoses; however, codes

used in the current study have been used in

prior research to identify the same specific

conditions [15, 17, 20, 21].

Also, it is possible patients identified as

having ‘‘de novo HF’’ during the identification

period may have had diagnosis codes for HF

more than 1 year prior to index date (before the

pre-index period), but this was expected to be a

rare occurrence. Incorporating external

mortality data from the SSA death master files

in the current study made it possible to more

accurately determine the timing of all-cause

deaths. However, the SSA death master file has

known limitations due to data degradation

starting in late 2011. Following November

2011, several states were no longer providing

death information to the SSA, making their

mortality records incomplete. As a result,

absolute death rates will be underestimated;

nevertheless, relative outcomes among patients

who died versus survived should remain

unbiased.

Information on ejection fraction, NYHA

Functional Classification, biomarkers, smoking

status, and body mass index were unavailable

for this study, all of which may potentially

impact healthcare costs. Specific indicators of

severity are not available among the claims

data; the absence of this information

potentially confounds the analysis. However, a

prior study found similar inpatient resource

utilization in the first year post HF

hospitalization between patients with HF and

reduced ejection fraction versus preserved

ejection fraction, suggesting identification in

either ejection fraction category may have

limited influence on costs [22]. Cost estimates

from this study were derived for a majority

MAPD sample and so caution is advised when

generalizing to patients with HF in other care

settings. Finally, the matching procedure did

not create balanced cohorts across all
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demographic and clinical variables, which

might bias assessment of costs. However, AF

and diabetes, two very important clinical factors

known to impact costs [23–25], were among

variables matched between cohorts.

CONCLUSIONS

This study compared total healthcare costs in a

given year between matched cohorts of HF

decedents and survivors separately for

commercial or MAPD plan enrollees. Overall,

decedents incurred substantially higher costs

from index to death, as compared to survivors,

despite having a mean post-index period that

was 59% shorter than the survivors (matched

cohorts). The largest percentage of costs across

both patient cohorts was attributed to

hospitalizations. For both commercial and

MAPD enrollees, similar trends of higher costs

among decedents were found; however, the

magnitude of difference in costs between both

cohorts was higher in commercial plans

(2.6-fold higher) than MAPD plans (1.5-fold

higher). The findings from the current study

offer useful insights on end-of-life cost burden

in patients with HF and provide cost estimates

that could be useful in economic evaluations of

innovative HF treatments. There may be

opportunities for improving outcomes in HF

considering the higher use of pharmacotherapy

and lower costs seen among survivors.
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