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Abstract

Background Heart failure presents a growing clinical and economic burden in the USA. Robust cost data on the burden of
illness are critical to inform economic evaluations of new therapeutic interventions.

Objectives This systematic literature review of heart failure-related costs in the USA aimed to assess the quality of the
published evidence and provide a narrative synthesis of current data.

Methods Four electronic databases (MEDLINE, EMBASE, EconLit, and the Centre for Reviews and Dissemination
York Database, including the NHS Economic Evaluation Database and Health Technology Assessment Database) were
searched for journal articles published between January 2014 and March 2020. The review, registered with PROSPERO
(CRD42019134201), was restricted to cost-of-illness studies in adults with heart failure events in the USA.

Results Eighty-seven studies were included, 41 of which allowed a comparison of cost estimates across studies. The annual
median total medical costs for heart failure care were estimated at $24,383 per patient, with heart failure-specific hospitaliza-
tions driving costs (median $15,879 per patient). Analyses of subgroups revealed that heart failure-related costs are highly
sensitive to individual patient characteristics (such as the presence of comorbidities and age) with large variations even within
a subgroup. Additionally, differences in study design and a lack of standardized reporting limited the ability to compare
cost estimates. The finding that costs are higher for patients with heart failure with reduced ejection fraction compared with
patients with preserved ejection fraction highlights the need for differentiating among different heart failure types.
Conclusions The review underpins the conclusion drawn in earlier reviews, namely that hospitalization costs are the key
driver of heart failure-related costs. Analyses of subgroups provide a clearer understanding of sources of heterogeneity in
cost data. While current cost estimates provide useful indications of economic burden, understanding the nuances of the
data is critical to support its application.

Electronic supplementary material The online version of this 1 Introduction
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supplementary material, which is available to authorized users. Heart failure (HF) is a global epidemic, affecting more than
64 million people worldwide [1]. In the USA, the estimated
2020 prevalence of HF is 6.9 million and is expected to
increase by 24% to nearly 8.5 million in 2030 owing to the
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Key Points for Decision Makers

There is a large amount of disparate data on medical
costs due to heart failure (HF). To better inform cost
analyses and economic evaluations, nuances of these
data need to be better understood.

This systematic review provides the most up-to-date
overview of HF medical costs in the USA. It assesses the
quality of the published evidence, synthesizes cost esti-
mates, and characterizes the heterogeneity in HF costs.

Analyses of subgroups provide a clearer understanding
of the sources of cost heterogeneity (e.g., comorbidities,
age, intervention, HF type).

The review found that there was a paucity of data from
perspectives other than the payer and the healthcare sec-
tor.

The review underpins the conclusion drawn in earlier
reviews, namely that hospitalization costs are the key
driver of HF-related costs.

The finding that costs are higher for patients with HF
with reduced ejection fraction compared with patients
with preserved ejection fraction highlights the need for
differentiating among different HF types in cost analyses.

admission), readmission for HF, and mortality rates of
80.4%, 42.3%, and 75.4%, respectively [6].

The economic burden of HF on healthcare systems is con-
siderable and will increase as the prevalence grows [7]. An
analysis in 2012 estimated the cost of HF to be, globally,
$108 billion per annum [8], with $65 billon attributed to
direct costs and $43 billon to indirect costs [8]. In the USA,
the total cost of care (direct and indirect costs) for HF in
2020 is estimated at $43.6 billion, with over 70% of costs
attributed to medical costs [3]. Without improvements in
outcomes, the annual total cost of care in the USA is pro-
jected to increase to $69.7 billion by 2030 [3].

As highlighted by Di Tanna et al., the cost of HF hospi-
talization is among the top reported model drivers in HF
cost-effectiveness models [9]. They further suggested that
the large uncertainty associated with HF hospitalization
costs in the USA, even when focusing on just one jurisdic-
tion, could be minimized with a systematic review of these
costs and facilitate better informed economic models [10].

The primary aim of this systematic literature review
(SLR) was to provide a qualitative assessment and narra-
tive synthesis of the most up-to-date evidence on medical
costs due to HF in the USA. As data on the medical costs
associated with HF-related events vary greatly because of

A\ Adis

differences in study design [11, 12], adding significant com-
plexity to understanding the cost burden, the secondary aim
of this review was to understand the heterogeneity between
the reported cost estimates. This synthesis of cost evidence
can be used to support health technology assessment (HTA)
submissions and economic evaluations of new therapeutic
interventions that may improve clinical outcomes.

2 Methods

The literature review was conducted in accordance with
a prespecified protocol, which was developed in line with
methods recommended by the Centre for Reviews and Dis-
semination (CRD) [13]. The review was registered with
PROSPERO (CRD42019134201) and reported according
to the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) guidelines [14].

2.1 Search Strategy

Four electronic databases (MEDLINE, EMBASE, EconlLit,
and the CRD York Database, including the National Health
Service Economics Evaluation Database and the HTA Data-
base) were searched for journal articles published between
January 2014 and March 2020. The search was restricted
to studies reporting economic data on patients with HF in
the US healthcare system, published in English in the last
6 years to ensure the most up-to-date cost evidence was cap-
tured and to increase the relevance of the findings. The MED-
LINE, EMBASE, and EconLit databases were simultaneously
searched by means of the ProQuest portal. Search strategies
were developed individually for ProQuest and CRD, and the
keywords adapted according to the configuration of each
resource (Electronic Supplementary Material [ESM] 1 and 2).

The search strategy was developed based on prelimi-
nary reviews of background literature and expertise of the
review team. It combined relevant search terms comprising
indexed keywords (e.g., medical subject headings [MeSH])
and terms appearing in the title and/or abstract of database
records. Search terms on the study design were based on
the filters provided by the Scottish Intercollegiate Guide-
lines Network [15] and the Canadian Agency for Drugs and
Technologies in Health [16, 17].

Supplementary searches were undertaken in conference
abstracts and other gray literature from 2016 until the date
of search (March 2020), including the American Heart
Association, Heart Failure Society of America, American
College for Cardiology, American Society of Hematology,
International Society on Thrombosis and Haemostasis,
World Heart Congress, World Congress on Acute Heart
Failure, International Society for Pharmacoeconomics and
Outcomes Research, the International Health Economic
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Association, Cost-Effectiveness Analysis Registry (global),
and Research Papers in Economics. The references or cita-
tions of the retrieved articles were reviewed for additional
articles (citation snowballing).

2.2 Selection Criteria

Studies were screened and selected if they reported cost
of illness in adults (aged > 18 years) with HF events in the
USA. Studies in mixed populations (i.e., patients with HF
and other conditions) were only included if costs relating to
a HF event were reported separately. Budget impact analy-
ses, cost-effectiveness studies, and HTA submissions were
excluded. However, the original sources of cost inputs from
these publications were checked to ensure no relevant (origi-
nal) studies were missed by the search strategy. In case an
economic model study used a de-novo input (for instance,
a hospitalization cost from internal sources), the paper was
included in the review and considered a primary study. Like-
wise, systematic reviews and meta-analyses were retrieved
only for reference screening.

2.3 Data Extraction

Data were extracted into a spreadsheet in Microsoft Excel
(Microsoft Corp., Redmond, WA, USA). Data were extracted
on study characteristics, study methods, and cost outcomes.
The study selection process and data extraction were per-
formed by one reviewer with a second reviewer conducting
an independent quality check of the data. Any discrepancies
between the two reviewers were resolved through discussion
with a third reviewer.

2.4 Quality Criteria

The quality of studies identified in the literature search is
discussed based on three criteria: use of appropriate cost-
ing methodology (based on a reporting checklist), clearly
provided HF-attributable costs, and subgroup cost analyses.

2.4.1 Use of Appropriate Costing Methodology

To assess the costing methodology, a shortened version of
the Drummond et al. checklist used by the British Medical
Journal to assess economic evaluations was used [18].
This shortened checklist was modified to cover the follow-
ing: (1) study design: whether the objectives of the study
were clearly reported and the economic perspective (i.e.,
who bears the costs) was reported and justified; (2) data
collection: whether the resource use and unit cost data
collection was reported; and (3) analysis and interpreta-
tion of results: how results were analyzed and interpreted
by the authors.

2.4.2 Clearly Provided Heart Failure-Attributable Costs

Heart failure is associated with older age and often occurs
in patients with other comorbidities. Such patients are there-
fore likely to require additional healthcare resources that are
unrelated to HF. To avoid overestimating costs, a costing
study should include, and clearly state, those costs that are
specifically attributable to HF. In addition, HF may induce or
aggravate non-related conditions. Therefore, when allowed
by the studied samples, studies should compare resource
use with and without HF, instead of only reporting all-cause
resource use.

2.4.3 Subgroup Cost Analyses

Heart failure populations are diverse, and costs of HF vary
substantially between individuals, depending on characteris-
tics such as disease severity, subtype, etiology, age, sex, and
comorbidity. Therefore, if feasible, studies should report the
costs of HF events according to patient characteristics, event
subtype/severity, and etiology. Studies that included sub-
group analyses were reviewed to better understand sources
of cost heterogeneity.

2.5 Analysis of Cost Estimates

Studies that reported the cost year were included in a com-
parison and analysis of cost estimates. All costs reported
were inflated to 2019 US$ based on the medical care compo-
nent of the Consumer Price Index, acquired from the Federal
Reserve Bank of St. Louis [19]. Medical costs refer to the
cost of production of healthcare services. They were cat-
egorized as total medical costs, HF-specific hospitalization
costs, post-discharge costs, readmission costs, outpatient
care costs, and other medical costs, and reviewed descrip-
tively. Categorization was based on the cost data description
provided in the primary publications. For full transparency,
median and interquartile limits (IQL), as well as arithmetic
mean and range, were calculated when possible for each
group of cost estimates, thereby acknowledging the skewed
nature of the cost distributions.

As reductions in the risk of morbidity and mortality as
a result of therapy have only been demonstrated in patients
with heart failure with reduced ejection fraction (HFrEF)
[20], studies reporting specifically on costs related to HFrEF
are highlighted. Heart failure with reduced ejection fraction,
also referred to as systolic HF, is defined by the American
College of Cardiology and American Heart Association
guidelines as the clinical diagnosis of HF and left ventricular
ejection fraction <40% [21]. Understanding the economic
impact, as well as clinical impact, of such therapies is criti-
cal to support their appropriate utilization.
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Fig.1 Preferred Reporting
Items for Systematic Reviews
and Meta-Analyses (PRISMA)
flowchart displaying the number
of publications included as well
as the number of publications
that were excluded, with rea-
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Eligibility

* Population: n=29
* Outcome: n="72
*  Study design: n=39
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# of publications included in the SLR:
n=81
(39 full-texts; 42 abstracts)

# of publications identified

from grey literature and
bibliography search: n=9

y (7 full-texts; 2 abstracts)

90 publications reported on 87 costing
studies in HF
(46 full-texts; 44 abstracts)

3 Results

The literature searches retrieved a total of 1480 titles and
abstracts (after de-duplication). After screening, 221 ref-
erences were selected for full-paper screening. After a
subsequent detailed review, 81 references were selected
as meeting all the inclusion criteria; ESM 7 lists the 140
publications that were excluded after full-paper screening.
Nine additional studies were derived from gray literature
and citation snowballing. Three of the included studies were
each reported in two references (i.e., a conference abstract
and a full-text publication). This brought the total to 87
included studies (90 individual references) for data extrac-
tion. Figure 1 presents a summary of the searching, screen-
ing, and inclusion assessment process in accordance with
the PRISMA checklist [14].

The 87 included studies are summarized in the following
section. The studies are described according to the three
quality criteria detailed in the Methods section. A complete
list of all the studies and their methods are given in ESM 3
(study characteristics) and ESM 4 (applied definition of HF).
The results per study are presented in ESM 5.
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3.1 Study Population and Design

The majority of the studies (n=69; 79%) assessed the
costs associated with HF-related events among exclusively
patients with HF, with some defining in more detail the
type of HF (n=28; 32%) [ESM 3, column ‘population’]
[22—-49]. The majority of studies (n=55; 63%) defined
the population by the International Classification of Dis-
eases and Related Health Problems, Ninth Edition (ICD-
9) codes (ESM 4). Eight articles referred to both ICD-9
and International Classification of Diseases and Related
Health Problems, Tenth Edition (ICD-10), while 32 did
not specify the ICD classification (12 used different defini-
tions, 20 did not provide details of definition). The study
population sizes had a range from 135 [50] to 11,723,008
[51]. The mean age of the study populations varied from
59 to 84 years.

The majority of studies were retrospective cohort
studies (77/87; 89%), and analyses were based on varied
healthcare databases (55/77 studies), six of which explic-
itly referred to as ‘medical records’ and/or ‘chart reviews’
in the studies, administrative claims data (20/77), registry
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data (1/77), or combined medical records and claims data
(1/77) [ESM 3]. Five studies (5/87) used an economic
model populated with data from different healthcare data-
bases [45, 52-56]. A cross-sectional design, where costs
were assessed at a discrete point in time, was adopted by
three studies [57-59]. The remaining two studies used
information generated alongside a randomized controlled
trial [33, 46]. The vast majority were multi-centered
studies (74/87; 85%) using data from inpatient settings
(n=41), while 33 studies combined inpatient and outpa-
tient settings.

The perspective of cost analysis was not clearly stated
in most of the studies (67/87; 77%). Thus, the perspective
of analysis was often based on the researchers’ interpreta-
tion of the data. In 40 (45%) studies [22-24, 44, 46, 47,
49, 50, 53, 55, 57, 58, 60-86], costs for HF-related events
were (or appeared to have been) analyzed from a payer’s
perspective. Three studies adopted a healthcare sector per-
spective [87-89]. Only two studies adopted the societal
perspective [25, 59], one study adopted the viewpoint of
the patient [43], and one the hospital perspective [45]. The
remaining 40 studies (only published as abstracts) left the
perspective undefined entirely.

The method of estimating costs was not explicitly stated
in the majority of studies (58/87; 67%) (ESM 3). Based
on the reviewers’ interpretation, 41 studies employed a
bottom-up approach (cost profile is constructed using
disaggregated patient-level data), seven used a top-down
approach [47, 64, 65, 71, 74, 76, 90] (total expenditure
divided by number of patients treated), and one study [25]
used a mixed costing method. Information reported by the
remaining studies (n =38, only published as abstracts)
did not allow for conclusions to be drawn on the costing
approach.

The earliest cost year used in the studies was 2009 [24],
with the latest cost year being 2017 [57]. Forty-four studies
did not report a price year for cost estimates.

3.2 Cost Categories

The 87 studies were reviewed and costs assigned to the most
appropriate cost category, as per Drummond et al. (Table 1)
[91]. The majority of studies (85/87; 98%) included hospital
inpatient care costs. A sizable proportion of studies reported
outpatient care (also known as ambulatory care) costs
(36/87; 41%); this included costs for emergency department
services, primary care physician office visits, and pharmacy
costs. Costs for home care or nursing home/skilled nursing
facility were only included by six (7%) studies. Only four
studies reported out-of-pocket costs, while none included
travel costs or social benefits. Patients’ productivity losses
were not reported. One study reported costs of informal car-
egivers [59].

3.3 Subgroup Analyses

The studies were furthermore reviewed for subgroup analy-
ses. In total, 48 (55%) studies presented costs for different
patient subgroups, of which 12 performed a multivariable
analysis to assess predictors of costs. Table 2 lists the differ-
ent subgroups analyzed across the 48 studies.

3.4 Sources of Heterogeneity

The annual medical costs associated with HF varied greatly
because of the presence of comorbidity with a range from
$19,537 for patients with HF with hypertension to $77,214
for patients with HF with hyperkalemia [58, 73, 89]. Like-
wise, the cost of HF hospitalization had a range from $8702
in patients with depression to $40,407 in patients with
protein-energy malnutrition [58, 60]. The cost estimates
for each comorbidity-related subgroup are presented in
ESM 5. The age subgroup analyses showed that the cost
of hospitalization was 5-31% higher for patients with HF
aged < 65 years than those aged > 65 years [62, 63, 65, 67,
74,92].

The subgroup analyses across different types of patients
with HF showed that the cost per hospitalization episode
for patients with HFrEF was 13-100% higher compared
with the cost for patients with HF with preserved ejection
fraction (HFpEF) [23, 25, 77, 115]. One study investigated
costs of chronic vs acute HF, based on cost per discharge,
demonstrating higher costs with chronic disease ($17,771 vs
13,976, in 2019 US$) [25].

The cost of HF hospitalization varied per hospital owner-
ship with higher cost in not-for-profit hospitals, followed by
government and for-profit hospitals; however, total charge
billed was highest in for-profit hospitals and lowest in gov-
ernment hospitals [63]. Among patients with a liver trans-
plant experiencing a HF event, the HF-related treatment in a
transplant center was more costly than the care provided in
a non-transplant hospital [22]. The authors concluded that
this may be related to selective referral of certain patient
phenotypes to transplant centers. Similarly, increased mean
hospital charges and length of stay was found for patients
with HF with a history of hematopoietic stem cell transplant
admitted in teaching hospitals (as compared with non-teach-
ing hospitals) [94].

Subgroup cost analyses per US region, type of hospital
admission, and health plan type were each reported by sin-
gle studies. A review of the data revealed there is regional
variation in the cost of HF hospitalization, with higher costs
in the West ($9908 per patient) and Northeast ($9022) com-
pared with other regions of the country (Midwest: $8021;
South: $7089) [62].

The study by Obi et al. [87] compared annual total medi-
cal costs between patients with HF who died to those who
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Table 1 Costs included in the 87 costing studies

Cost category No. of studies (%) References

Direct medical costs

Diagnostic tests 3(3) [23, 76, 77]

Inpatient care 85 (98) [22-58, 60, 62-90, 92—103]
Inpatient professional fees 3(3) [25, 46, 55]
Intensive care units 5(6) [23, 41, 42,77, 84]
Nursing home/facility 6(7) [25, 28, 33, 64, 70, 83]

Outpatient care 36 (41) [23-25, 28, 33, 43, 46, 48, 49, 55, 57, 58, 60, 62-65, 68-71,

73, 75-78, 83, 86-89, 92, 97, 105, 112, 113]

Emergency department visits 20 (23) [23-25, 48, 55-58, 64, 68, 71, 75-77, 83, 87, 88, 97, 105, 111]
Physician office visits 14 (16) [25, 33,34, 41, 46, 57, 64, 68, 75, 83, 87, 88, 97, 102]
Observation unit visits 2(12) [83, 114]
Medications 5(6) [33,71, 88, 98, 99]
Home care 6(7) [25, 28, 64, 70, 76, 83]

Day care 0

Community health care 0

Pharmacy 12 (14) [23, 25, 43, 64, 68, 75-77, 87, 88, 110, 112]

Direct non-medical costs

Social care 0

Social benefits 0

Travel costs 0

Out-of-pocket 4(5) [25, 64, 88, 110]

Indirect non-medical costs

Productivity loss (illness) 0

Productivity loss (death) 0

Informal caregiving 1(1) [59]

survived (stratified by health plan type). Authors found that
patients who died incurred substantially higher costs from
index to death, as compared with survivors, despite the mean
post-index period being 59% shorter compared with survi-
vors (matched cohorts). This trend was observed regardless
of health plan type; however, the difference in cost between
decedents and survivors was greater for those with com-
mercial plans (2.6-fold higher) than those with Medicare
Advantage with Part D plans (1.5-fold higher). The findings
from this study offer useful insights on the end-of-life cost
burden in patients with HF.

Last, the study by Punekar et al. [88] evaluated total
medical costs associated with HF events in patents with
hyperlipidemia, per baseline risk of cardiovascular (CV)
disease (high risk, primary prevention, secondary preven-
tion), and the number of HF events (only one, two, or three
HF events) over a 2-year follow-up. Authors found that the
total medical costs were higher among cases (patients with
a CV event) compared with controls (patients without a
CV event) in all three cohorts, and costs remained higher
throughout the follow-up period for HF events. Mean 2-year
total costs among patients with only one HF event and only
two HF events were highest for the primary prevention
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cohort ($75,229 and $106,595, respectively) compared with
the secondary prevention ($65,649 and $76,760) and high-
risk ($65,010 and $90,246) cohorts. Mean 2-year total costs
among patients with only three HF events were highest for
the high-risk cohort ($108,319) compared with the primary
prevention cohort ($104,347) and secondary prevention
cohort ($94,548).

3.5 Heart Failure-Related Costs vs All-Cause Costs

Studies were assessed to determine whether published
costs were HF related or all cause. Seventy-two (83%)
studies estimated costs only attributable to HF events
(n=68), or separate cost estimates were provided for all-
cause and HF-related resource use (n=4) [44, 65, 85, 87].
In the remaining 15 studies, eight (53%) assessed the costs
that could be directly attributed to HF by comparing the
costs of patients with HF to those with no HF [51, 69, 88,
95, 104, 105, 107, 111]. In the other seven studies [46, 58,
66, 68, 75, 89, 94], it was inferred that all-cause resource
use (i.e., no distinction for HF-related resource use) had
been included in the analysis.
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Table 2 Subgroups used to

. Subgroup
report cost results in the 87

N of studies (%) References

costing studies Presence of comorbidity®
Intervention”

Age

Type of HF

Hospital type©

Sex

Ethnicity

Number of HF events
Season

US region

Health plan type¢

Type of hospital admission®
Charlson Comorbidity Index >3
Readmission status
Hospital frailty risk’

CV risk level®

18 21) [42, 51, 58, 60, 66, 68, 69, 71, 73-77,
82, 88,97, 104, 105, 107]

10(11) [29, 30, 33, 43, 50, 56, 68, 90, 93, 96]
6(7) [62, 63, 65, 67, 74, 92]

8 (9) [23-26, 41, 48, 72, 82]

5(6) [22, 63, 70, 83, 94]

33) (62, 63, 92]

5(6) (59, 65, 106, 108, 109]

1(1) (88]

1(1) [92]

1(1) [62]

1(1) (87]

1(1) [37]

1(1) [67]

1(1) [79]

1(1) (80]

1(1) (88]

CV cardiovascular, CVD cardiovascular disease, HF heart failure

#Comorbidities included: acute kidney injury, protein-energy malnutrition, chronic kidney disease, can-
cer, diabetes mellitus, hyperkalemia, obstructive sleep apnea, hyponatremia, hyperlipidemia, hypertension,
ischemic heart disease, dementia or Alzheimer disease, end-stage renal disease asthma, chronic obstructive
pulmonary disease, pneumonia, atrial fibrillation or flutter, stroke, depression and disorders such as post-
traumatic stress, drug or alcohol use

®Interventions studied included: cardiac resynchronization therapy, renin-angiotensin—aldosterone sys-
tem inhibitor agents, implantable hemodynamic monitoring, sacubitril/valsartan, angiotensin-converting
enzyme inhibitor or angiotensin-receptor blocker, ultrafiltration, spironolactone, orthotopic heart transplan-
tation, left ventricular assist device implantation

“Hospital type included: hospital ownership, non-/transplant hospital, hospital teaching status, low/average/
high -pisode payment hospitals

9Health plan type included: commercial or Medicare Advantage with Part D
*Type of hospital admission included: non-elective/elective hospital admission
fLow/intermediate/high frailty risk

£Cardiovascular risk level included: secondary CV disease prevention (patients with a history of a CV
event), high risk (patients not in the secondary CVD prevention cohort but who had CVD or risk-equiva-

lent conditions), and primary prevention (patients with no CV event history or CVD)

3.6 Comparable Cost Estimates

Comparable cost estimates are summarized in Table 3.
Forty-three studies identified from the SLR included a cost
year and could be inflated to 2019 US$. Two of these, how-
ever, were excluded from the summary of comparable cost
estimates because one study reported only informal car-
egiving costs [59], while in the other study, patients were
identified by the index event of a pharmacy claim rather
than an HF event [43]. The 41 remaining studies included in
the summary of comparable cost estimates, along with the
study-specific cost/price years and the original values are
detailed in ESM 5. All studies considered the economic bur-
den of patients with HF in terms of direct medical costs due

to inpatient care, outpatient care, and/or medications. Of the
41 studies, 24 only included patients who had been hospital-
ized for HF, and the remaining 17 included a mix of hos-
pitalized and non-hospitalized patients. The reported costs
were subject to large variations, which was, in part, owing
to how the cost components were defined in the individual
studies or how the resource use was valued, i.e., charges
vs costs. Charges refer to the initial individual list prices a
US hospital typically sets for the services it provides. They
are usually higher than costs, which are the actual expenses
incurred by a hospital in providing patient care (including
the direct costs of patient care such as nursing, room and
board, medicines and supplies; as well as overhead costs for
administration).
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Table 3 Summary statistics of comparable cost estimates

Definition of cost estimate No. of studies Median IQL Mean Range

(estimates)®

Total medical cost/charge’ over 1 year

Costs 5(8)

Cost in patients with specified comorbidity 7(23)

Charges 1(1)

Charges in patients with specified comorbidity 1(1)

Total medical cost/charge” over 30 days*

Costs 3(5)

Charges I

HF-specific hospitalization cost?

Costs 17 (31)

Costs for patients with a comorbidity 7(17)

Charges 5(5)

Charges in patients with specified comorbidity 1(11)

HF-specific hospitalization cost over 1 year”

Costs 609

All-cause hospitalization cost over 1 year®

Costs 34)

Post-discharge cost

30-day post-discharge cost following a worsening HF admission 1(1)

HF-related post-discharge costs in patients with vs without T2DM 1(1/1)

All-cause post-discharge costs in patients with vs without T2DM 1(1/1)

Readmission cost

Cost of readmissions in the same vs different hospital 1(1/1)

Cost of HF readmissions for patient with corrected vs uncorrected 1(1/1)
hyponatremia

Cost of 30-day all-cause readmission® 1(1/1)

Outpatient care cost

Cost of outpatient visits (mean per Vvisit) 6(11)

Cost of emergency department services (mean per visit) 6 (6)

Other medical cost

Cost of home healthcare 1(1)
Cost/charge” for patients with HF with HFrEF
HF-specific hospitalization cost 3(7

Cost per day of HF-specific hospital stay in patients with vs without 1 (1/1)
T2DM

HF-specific hospitalization cost in patients with vs without T2DM 1(1/1)

Mean charge for HF-related care 1(1)
Charges per HF-specific hospitalization! 1(1)
Charges per all-cause hospitalization® 1(1)
Charges per 30-day all-cause readmission® 1(1)

$24,383  $20,713-$40,619 $29,118 $14,226-$45,784
$46,580  $39,585-$64,664 $50,455 $19,537-$77,214
n/a n/a $98,599 n/a

n/a n/a $191,221 n/a

$14,189  $4899-$16,578 $11,315 $1592-$19,317
n/a n/a $31,300 n/a

$13,418  $11,125-$15,667 $14,323 $7319-$30,475
$14,015  $11,769-$20,373 $16,556 $8702-$40,407
$28,887  $28,017-$32,524 $33,433 $26,393-$51,342
$47,238  $41,702-%$57,392 $54,349 $30,906-$112,313
$15,879  $9444-$20,933 $19,907 $8972-$42,231
$20,826  $18,779-$29,045 $26,998 $12,959-$53,382
n/a n/a $6283 n/a

n/a n/a $1771/$1543 n/a

n/a n/a $8722/$8055 n/a

n/a n/a $15,732/$25,879 n/a

n/a n/a $3044/$3656 n/a

n/a n/a $7583 n/a

$1348 $649-$1452 $1499 $297-$3859
$1441 $829-$1933 $1599 $411-$3580

n/a n/a $2227 n/a

$12,915 $12,156-$13,664 $13,820 $10,103-$22,086
n/a n/a $2205/$2115 n/a

n/a n/a $12,915/$10,103 n/a

n/a n/a $31,300 n/a

$26,393  $13,099-$64,241 $69,994 n/a

$25,545  $12,795-%$62,571 $65,715 n/a

$31,503  $12,186-$86,032 $73,009 n/a

HF heart failure, HFrEF heart failure with reduced ejection fraction, /QL interquartile limits, n/a not applicable, T2DM type 2 diabetes mellitus

*When applicable, more than one estimate per study is used for the calculation of mean and median. Estimates per study are provided in ESM 5

SCharges refer to the initial individual list prices a US hospital typically sets for the services it provides, whereas costs are the actual expenses

incurred by a hospital in providing patient care
“Per patient
4Index hospitalization

°Following a HF hospitalization
3.6.1 Total Medical Heart Failure-Related Costs

The annual median medical costs for HF care was $24,383
(IQL $20,713-$40,619) per patient (Table 3). Reported
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charges were substantially higher than reported costs (mean
$98,599) and increased to > $100,000 per patient with HF
when all-cause readmissions were included in the cost esti-
mation [65].
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Costs varied with the presence of a comorbidity and with
survival. Analyzing the comparable costs by subgroup with
a specified comorbidity, the estimated median annual total
medical cost was $46,580 (IQL $39,585-$64,664) per patient,
almost double the cost estimated for the general HF popula-
tion ($24,383) (Table 3). The actual reported costs/charges
varied greatly with the specified comorbidity. The cost esti-
mates for each patient subgroup are presented in ESM 5.

One study analyzed costs according to survival [87].
The medical cost per patient accrued within 30 days from
the date of the earliest qualifying claim with a diagnosis
code for HF varied from $1592 for patients who survived to
$19,317 for patients who died. Patients with HF who died
within 1 year after an index HF encounter incurred mark-
edly higher per-patient-per-month costs than patients in the
survivor cohort, with the majority of costs attributable to
hospitalizations for both patient cohorts. Likewise, the all-
cause medical cost (including inpatient care, outpatient care,
and pharmacy costs) for the same population had a range
from $3510 (HF survivors) to $25,510 (HF decedents) per
patient per month [87].

3.6.2 Heart Failure-Specific Hospitalization

The median cost for a HF-specific hospitalization was
$13,418 (IQL $11,125-$15,667) per patient (Table 3).
For patients with co-morbidities (e.g., diabetes mellitus,
ischemic heart disease), the median HF-specific hospitali-
zation cost was slightly higher, at $14,015 per patient (IQL
$11,769-$20,373).

Olchanski et al. [77] estimated mean hospitalization costs
by category, stratified by diabetes status and HF subtypes
(HFrEF and HFpEF). Mean hospitalization costs were higher
for patients with diabetes regardless of HFrEF ($16,679)
vs HFpEF ($15,301) status at admission compared with
those without diabetes (HFrEF, $12,296; HFpEF, $11,828).
The authors also reported on the following subcategories:
diagnostic tests (range $933-$1197 per patient), room and
board expenses ($4110-$6188), therapies ($339-$753),
pharmacy ($445-$729), other expenses ($1144-$1364),
and total cost per day alive ($3022-$11,828). Patients with
HFrEF had 4-9% higher hospitalization costs compared
with patients with HFpEF. Room and board expenses were
12-16% higher for patients with HFpEF compared with
patients with HFpEF. Similarly, diagnostic and pharmacy
costs were 6% and 23% higher for patients with HFpEF,
respectively. Therapy costs were 19-31% higher for patients
with HFpEF compared with patients with HFrEF. Last, cost
per day alive for patients with HFpEF exceeded correspond-
ing costs for patients with HFpEF by 5-10%. The annual
median cost for HF-specific hospitalizations was $15,879
(IQL $9444-$20,933) per patient and for all-cause hospitali-
zations $20,826 (IQL $18,779-$29,045) per patient.

3.6.3 Post-Discharge Cost

Two studies estimated the average post-discharge cost
following a HF hospitalization event [57, 97]. The aver-
age 30-day post-discharge cost following a worsening HF
admission was estimated at $6283 per patient [57]. It was
calculated as the difference between all costs incurred in the
30 days following discharge and the average 1-month cost of
a patient with HF [57]. Raju et al. [97] estimated the monthly
HF-related post-discharge costs at $1771 per patient with
type 2 diabetes mellitus (T2DM) and at $1543 per patient
without T2DM. The monthly all-cause post-discharge costs
were estimated at $8722 and $8055, respectively.

3.6.4 Readmission Cost

One study estimated the cost associated with readmissions
for patients discharged following a HF hospitalization [67].
Lahewala et al. [67] estimated the mean cost of care of read-
mission over a 30-day period after HF hospitalization in the
same hospital at $15,732 per patient and in a different hos-
pital at $25,879 per patient (the associated mean length of
stay per patient was 6.1 and 7.5 days, respectively).

Another study evaluated costs for patients with hyper-
lipidemia with one, two, or three HF hospitalization events
[88]. The associated mean 2-year cost' range was from
$65,010 to $75,229 (one HF event), $76,760-$106,595
(two HF events), and $94,548-$108,319 (three HF events),
respectively, depending on pre-index clinical characteristics
of the patients (high risk, primary prevention, or secondary
prevention). A third study estimated the cost of 30-day all-
cause readmission for patients discharged following a HF
hospitalization at $7583 [53].

3.6.5 Outpatient Care Cost

Most of the included studies captured costs for outpatient
medication and physician visits within the total medical
cost estimated; only seven studies itemized outpatient visit
costs separately from other medical costs [25, 34, 46, 57,
64, 76, 86], which had a range from $297 [86] to $3859 [64]
per patient. Yoon et al. [76] estimated the annual average
cost per patient per type of outpatient healthcare, including
medical/surgical costs ($8487), diagnostic costs ($2178),
behavioral costs ($550), other costs ($973), and pharmacy
costs ($2904).

Six studies reported the cost of the emergency department
services [24, 25, 55, 57, 58, 64]. The median cost per visit

! Heart failure total cost includes inpatient care, outpatient care, and
pharmacy costs for all medical events during the follow-up period
(i.e., 2 years).
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was $1441 (IQL $829-$1933). A seventh study estimated
the annual HF-related emergency service cost at $212-$291
per patient, averaged over a cohort of 1-year survivors and
1-year decedents post-index HF claim, respectively [87].
Per-patient estimates reflecting only those patients who did
visit the emergency department were not provided. The same
study estimated the annual average HF-related ambulatory
costs at $930 and $1902 per patient among patients with HF
who died and those who survived, respectively. The respec-
tive cost estimates per patient per month were $18-$93 and
$156-$192 for HF-related emergency and ambulatory ser-
vices, respectively [87].

3.6.6 Other Medical Costs

The economic burden of home healthcare was estimated
only by Echouffo-Tcheugui et al. at $2227 per patient per
year [64]. The same study provided an average annual cost
estimate of $813 per patient, for a list of services includ-
ing nursing home, rehabilitation, vision, medical supplies,
and dental services. The study reported cross-sectionally on
patients with a HF diagnosis (10-year inclusion window),
with no requirements for hospital admission.

3.6.7 Costs for Patients with Heart Failure with Reduced
Ejection Fraction

Five studies reported costs for patients with HFrEF [23,
25, 34, 44, 77]. The median HF-specific hospitalization
cost (including room and board, diagnostics, therapies,
pharmacy, emergency department, and overhead costs)
was $12,915 (IQL $12,156-$13,664) per stay [23, 25, 77].
One study estimated the mean HF-specific hospitalization
cost at $12,915 in patients with T2DM and at $10,103 in
patients without T2DM [77]. The same study further esti-
mated the total cost per day of HF-specific hospital stay
at $2205 and $2115 in patients with T2DM and without
T2DM, respectively.

Two studies estimated charges (rather than costs) for
HF-related care [34, 44]. Givertz et al. looked at HFrEF in
patients who had been hospitalized and/or required intra-
venous diuretic because of worsening HF (0.7 hospitaliza-
tions per person during the first 30 days after HF onset). The
mean medical charges (including dispensed prescriptions
and number of private healthcare and hospital-facility vis-
its) accrued within the first 30 days following the event were
$31,300; monthly mean charges for the remaining year was
$32,524 per patient [34]. Bress et al. [44] assessed resource
utilization and associated charges among a real-world cohort
of patients with HFrEF in an academic medical center set-
ting. The median hospital charges for an all-cause, HF-
specific, and 30-day all-cause readmissions were $25,545,
$26,393, and $31,503, respectively. Index hospitalizations
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were included in the charge analysis. Cost estimates specific
to other types of HF (with preserved ejection fraction [dias-
tolic HF]; acute decompensated HF) were reported in five
studies [23-25, 49, 72].

3.7 Quality Assessment

The quality of this review is in part limited by the qual-
ity of the identified studies. The studies that do not report
the cost year of the provided estimates were considered of
insufficient quality and were excluded from further quality
assessment. Therefore, quality assessment is provided for
43 studies.

Only studies that reported a cost/price year were included
in a comparison and analysis of cost estimates. All studies
included in the analysis of comparable costs met the qual-
ity criteria for economic evaluations as used by the British
Medical Journal [18] and were therefore concluded to be
of high quality. An overview of adherence of the studies to
each of the items used for the quality assessment is presented
in Fig. 2.

All the studies that were subject to the quality assessment
(n=43) clearly stated the research question and defined the
target population. The study setting (inpatient/outpatient)
and location was well reported in all but one study [59].

The perspective of the economic analysis was adequately
reported and justified in 19 studies (44%); less than half
(21/43; 40%) [22, 24, 25, 44, 46, 47, 49, 53, 59, 60, 63,
65, 67-69, 74, 81, 87-89, 116] did not clearly define the
perspective but the available information allowed for inter-
pretation in line with published definitions [117]; three stud-
ies (10%), only published as abstracts, left the perspective
completely undefined [34, 90, 97].

Sources of resource use and unit costs, currency and cost
year, and the methods of resource use valuation (i.e., cost/
charge, cost-to-charge ratio) were well defined in all studies.
The majority of studies (26/43; 60%) reported adequately on
the methodology of estimating costs [22-24, 43, 44, 49, 50,
57-60, 63, 6672, 75-77, 85, 87, 88, 116]; in 14 (33%), the
costing approach was concluded by the information reported
and relevant guidelines by Drummond et al. [91], although
not explicitly stated [25, 45-47, 53-55, 64, 65, 81, 86, 89,
90, 118]; three studies (10%), only published as abstracts,
did not provide any information on the costing methodology
[34, 73, 97].

Time horizon was reported by 38 studies, with the major-
ity (33/43; 77%) estimating costs over a relatively short time
frame of up to 1 year. Only five studies estimated the costs
for a HF event for a period greater than 1 year [44, 46, 71,
75, 88], and only one of them discounted costs incurred
after the first year. Time horizon was not applicable for the
remaining five economic model studies, from which only
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Study design Data collection Analysis and interpretation of results
Research Target Settingand  Economic Sources of Cost Currency and Resource use Time horizon Discounting The answer to Conclusion  Conclusions
question population location cti use cost year valuation costs the reserach follow from accompanied
& unitcosts methodology questionis  the data by
given reported appropriate

Adamson, 20161
Adejumo, 2019
Akintoye, 2017
Akintoye, 2017
Albert, 2019
Amin, 2019
Bress, 2016
Carey, 2016
Chung, 2019
Corbisiero, 2016
Costanzo, 2019
Echouffo-Tcheugui, 2017
Eubanks 2019t
Fitch, 2018
Givertz, 2017t
Henk, 2015
Hernandez-Madrid, 2019
Husaini, 2016
Inampudi, 2019
Jackson, 2018
Joo, 2015
Khurmi, 2018
Kilgore, 2107
Lahewala, 2019
Lee, 2014

Mark, 2018

Obi, 2017
Olchanski 2020
Olchanski, 2018
Park, 2015

Park, 2017
Polson, 2017
Punekar, 2015
Raju, 20161
Shamliyan, 2019t
Storrow, 2014
Tuzovic, 2019
Voigt, 2014
Wadhera, 2018
Ward, 2014
Woolley, 2016t
Yoon, 2016
Ziaeian, 2015

caveats

- adequetly reported - Not clearly reported but informaion allows for interpretation - Not reported El Not applicable

Fig.2 Quality assessment of costing methodology of the studies. f Abstract

de-novo cost inputs were extracted [45, 53-55, 74]. In all
the studies, the answer to the study question was given, con-
clusions followed from the data reported, and in all but six
studies (14%, only published as abstracts) [34, 49, 73, 86,
90, 97] the conclusions were accompanied by the appropri-
ate caveats.

4 Discussion

This SLR provides a current assessment of medical costs due
to HF-related events in the USA, capturing data published
from 2014 to 2020. It is the first effort to systematically
appraise costs in patients with HF. While the SLR identified
87 studies reporting cost data, there was a large variation in
study design and reporting detail. Only 43 studies provided
sufficient data to enable inflation to 2019 US$ and 41 of
them allowed a comparison of cost estimates (Table 3). The
majority of studies were retrospective database analyses.

Hospitalization because of acute decompensation is
a common outcome in patients with HF. All 43 studies
included in the detailed cost review captured hospitaliza-
tions as part of their cost estimates. This review showed that
hospitalization is the major contributor to the overall direct
costs for HF; based on median data, HF hospitalization costs
make up 65% of all medical HF costs over a 1-year treat-
ment period from the index hospitalization event. This is
in agreement with a recently published review that showed
that the costs for hospitalization account for 44-96% of the
overall direct costs for HF [11]. Owing to the dominance
of hospitalization in HF costs, highlighted in this and other
studies, it is not surprising that hospitalization is among the
first reported outcomes and the common driver in HF cost-
effectiveness models [9, 10].

Of note, several studies focus on group-level comparisons
and therefore the estimates for hospitalization costs appear
to reflect per-patient averages, including patients who were
not hospitalized [24, 29, 34, 44, 50, 76, 87]. Bress et al.,
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Givertz et al., and Yoon et al. report per-patient numbers
of hospitalizations of 0.5, 0.7, and 0.83 (medical/surgical
stays) over varying periods of time [34, 44, 76]. Storrow
et al. report on patients that entered the emergency depart-
ment, with 83.7% leading to admission [24, 34]. However,
being charges rather than costs, the estimates reported by
Bress et al., Givertz et al., and Storrow et al. were not taken
into account by the authors of this review when calculating
the overall HF-specific hospitalization cost (Table 3) [24,
34, 44]. Last, Fitch et al., Jackson et al., and Voigt et al. con-
cern samples of patients who were not per se hospitalized,’
but the cost estimates appeared to reflect only hospitalized
patients [25, 57, 58].

Following initial HF hospitalization, all-cause readmis-
sion rates are high, with approximately 20% of patients
being readmitted within 30 days, further driving medi-
cal costs and poor outcomes [119—-121]. Annual medical
charges for patients with HF, including all-cause readmis-
sions exceed > 185,000 US$ (2018), of which nearly half
were due to non-HF readmissions [65]. The consideration
of readmission rates (both HF specific and all cause) should
be an important factor when building a cost-of-illness profile
for patients hospitalized for HF, and when developing eco-
nomic evaluations. Steps to reduce readmission would not
only improve patient outcomes but also reduce both direct
costs and readmission penalties, imposed on hospitals by
the Center for Medicare and Medicaid Services for higher
readmissions rates than expected [122]. The high economic
burden of readmissions of patients with HF is well acknowl-
edged, and reducing readmissions may provide large cost
savings [123, 124].

Previous studies highlight the wide variation in HF
costs [11, 12, 125], an observation that was also noted in
this review. As a second objective, this study also sought to
characterize the heterogeneity in HF costs. Reporting costs
due to HF, without taking into account the impact of some
of these sources of heterogeneity, may limit the usefulness
of the data when assessing the cost effectiveness of HF inter-
ventions. Of the 87 studies identified in the literature review,
48 provided cost data for patient subgroups or predictors of
costs. Of these studies, HF costs according to comorbidi-
ties, intervention, age, and type of HF were most commonly
studied. However, heterogeneity due to other factors such as
the number of HF events, CV risk level, US region, health
plan type, and type of hospital admission were not so well
studied, calling for further research in these areas. Conclu-
sive research findings solely on the basis of a single study
is likely to be less credible, as their representativeness and
generalizability to other settings may be limited [126].

2 Eligibility of patients in the study was based on HF diagnosis, not
HF admission/hospitalization.
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While a review of subgroup analyses did provide a clearer
understanding of sources of cost heterogeneity, what also
became evident is how variable cost data are even within
subgroups. For example, depending on the specific comor-
bidity, HF hospitalization costs varied by nearly five-fold [58,
60] and total medical costs over 1 year by nearly four-fold
[73, 89]. Surprisingly, younger patients (aged < 65 years)
were associated with higher costs than older patients
(aged > 65 years); the cost increase range was 5-31% [62,
63, 65, 67,74, 92]. The lower costs among the older patients
may reflect a higher rate of mortality, which affects both the
number of admissions and the length of hospital stay of older
patients. Heart failure hospitalization costs were higher for
patients with HFrEF, compared with patients with HFpEF,
even though patients with HFpEF were older and had more
comorbid conditions; the cost increase range was 13-100%
[23, 25, 77, 115]. Costs were largely driven by the length
of stay, with a higher heart rate at admission, lower systolic
blood pressure, and higher creatinine associated with higher
inpatient costs [23, 25, 77, 115]. These findings are consist-
ent with a recently published cohort study indicating higher
costs for patients with HFrEF than for patients with HFpEF
over a 2-year follow-up period [127]. These data highlight
how sensitive cost data are to individual patient characteris-
tics. Because of a lack of cost estimates among the reviewed
studies, this review falls short of providing an assessment of
the impact of disease severity, for instance, as measured by
the New York Heart Association classification, on HF-related
costs. While fully capturing or adjusting for these variables
in economic evaluations is likely to be virtually impossible,
understanding the limitations of cost estimates in terms of
variation is important when using the data.

Another gap identified during this review was the pau-
city of data from perspectives other than the payer and the
healthcare sector. Only four of the total 87 studies provided
societal, patient, or hospital cost perspectives of HF events
[25, 43,45, 59]. Social care costs are an important element
of longer term care for patients with debilitating events.
Absenteeism, presenteeism, and informal care are related to
considerable indirect costs (i.e., non-medical costs compris-
ing resources that support the provision of healthcare ser-
vices). It is estimated that the total loss of earnings attributed
to HF morbidity and mortality will be $12.4 billion in 2020
in the USA [3]. Furthermore, approximately one in three
patients with HF require informal care averaging at 45 h
per week [128]. Joo et al. reported an average annual cost
of informal caregiving of $836 per patient [59]. Focusing
only on the payer perspective obscures our understanding
of disease burden on patients and their families. A part of
HTAs is to ensure equity in allocation of resources. There-
fore, cost reviews and economic models adopting a societal
perspective should consider the indirect costs in addition to
the direct costs related to HF events.
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The majority of studies reported costs over a short time
horizon. Only five studies estimated the costs for a HF event
for a period greater than 1 year [44, 46, 71, 75, 88]. Punekar
et al. [88] and Mark et al. [46] estimated total medical costs
associated with HF event(s) over a 2-year follow-up (i.e.,
year 1 and 2), Henk et al. [75] reported similar costs over
1, 2, and 3 years separately, and Ward et al. [71] estimated
the cost per patient reflecting annual resource use required
beyond the first year for the ongoing management of the HF
complication, which applies while that particular health state
is present for the remainder of the patient’s life (ESM 6).
Last, Bress et al. [44] estimated HF hospitalization charges
(rather than costs) among patients with HFrEF over a 2-year
follow-up. The short time horizons in the majority of studies
might explain why 45-87% of overall HF costs were attrib-
utable to initial hospitalization costs alone [34, 71, 76, 87].
This also highlights the need for more long-term studies, and
a clearer understanding of ambulatory costs to determine the
lifetime costs of HF.

To minimize bias, studies were assessed to determine if
costs were directly attributable to or associated with HF. In
the majority of studies, the costs were attributable to an HF
event. Heart failure-specific costs were sometimes reported
either alongside or instead of total costs [75, 88, 95]. Some
studies used a matched cohort method to attribute costs spe-
cifically to a HF event as opposed to those that might have
been incurred without the HF event. This method allowed
the assessment of costs over and above what might have
been experienced by patients with similar characteristics
[69, 73,75, 87, 88, 95].

Like other reviews of cost outcomes, comparison of cost
data in this review was substantially limited because of
unstandardized reporting. For example, a breakdown of the
cost estimates in terms of the cost components was some-
times missing or poorly reported. Furthermore, variability
in study design made it difficult to compare event costs, as
well as contributing to data heterogeneity. This included
the duration of follow-up or the method of estimating costs.
Standardized approaches to conducting and reporting cost
data would reduce this data heterogeneity and enable better
cost comparisons between studies.

Finally, because of poor and unstandardized reporting, a
review of the studies involved some subjective interpreta-
tion, leading to potential bias. The wide variation in the defi-
nition and terminology used to describe the cost components
across studies, for example, required the cost estimates to be
grouped under broadly comparable headings (total medical
costs, HF-specific hospitalization cost, post-discharge cost,
readmission cost, outpatient care cost, and other medical
cost) based on the reviewers’ interpretation of the data. The
perspective of the cost analysis and methods of estimating
costs were also frequently subject to reviewer interpretation.

Our review aimed to provide HF-related costs in the USA.
Therefore, the absolute cost estimates cannot be transferred
to other jurisdictions with different systems of healthcare
delivery. However, the findings on the main contributors
to overall direct costs for HF, such as hospitalizations and
readmission rates, along with the presence of comorbidity,
are expected to be more generalizable.

5 Conclusions

Heart failure is a growing clinical and economic burden.
This systematic review provides the most up-to-date over-
view of HF medical costs in the USA. For the purpose of
economic evaluations, the current study assessed the quality
of the published evidence and synthesized cost estimates. It
underpins the conclusion drawn in earlier reviews, namely
that hospitalization costs are the key driver of HF-related
costs. However, there is a considerable degree of heterogene-
ity in published HF costs, owing in part to specific medical
needs of different patient subgroups. Another source of het-
erogeneity is variation in study design and reporting, which
also hinders cost comparisons. There is a large amount of
disparate data on medical costs as a result of HF; however,
to better inform cost analyses, the nuances of these data need
to be better understood. This could be achieved through
improved and standardized reporting of data.
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