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Policy Statement

Forecasting the Impact of Heart Failure in the United States

A Policy Statement From the American Heart Association

Paul A. Heidenreich, MD, MS, FAHA, Chair; Nancy M. Albert, PhD, RN, FAHA;

Larry A. Allen, MD, MHS; David A. Bluemke, MD, PhD, FAHA; Javed Butler, MD, MPH, FAHA;
Gregg C. Fonarow, MD, FAHA; John S. Ikonomidis, MD, PhD, FRCS(C), FAHA; Olga Khavjou, MA;
Marvin A. Konstam, MD; Thomas M. Maddox, MD, MSc; Graham Nichol, MD, MPH, FRCP(C), FAHA;

Michael Pham, MD, MPH; Ileana L. Pifia, MD, MPH, FAHA; Justin G. Trogdon, PhD; on behalf
of the American Heart Association Advocacy Coordinating Committee, Council on Arteriosclerosis,

Thrombosis and Vascular Biology, Council on Cardiovascular Radiology and Intervention, Council on

Clinical Cardiology, Council on Epidemiology and Prevention, and Stroke Council

Background—Heart failure (HF) is an important contributor to both the burden and cost of national healthcare expenditures,
with more older Americans hospitalized for HF than for any other medical condition. With the aging of the population,
the impact of HF is expected to increase substantially.

Methods and Results—We estimated future costs of HF by adapting a methodology developed by the American Heart
Association to project the epidemiology and future costs of HF from 2012 to 2030 without double counting the costs
attributed to comorbid conditions. The model assumes that HF prevalence will remain constant by age, sex, and race/
ethnicity and that rising costs and technological innovation will continue at the same rate.-By 2030, >8 million people in
the United States (1 in every 33) will have HF. Between 2012 and 2030, real (20108$) total direct medical costs of HF are
projected to increase from $21 billion to $53 billion. Total costs, including indirect costs for HF, are estimated to increase
from $31 billion in 2012 to $70 billion in 2030. If one assumes all costs of cardiac care for HF patients are attributable
to HF (no cost attribution to.comorbid conditions), the 2030 projected cost estimates of treating patients with HF will be
3-fold higher ($160 billion in direct costs).

Conclusions—The estimated prevalence and costof care for HF will increase markedly because of aging of the population.
Strategies to prevent HF and improve the efficiency of care are needed. (Cir¢ Heart Fail. 2013;6:00-00.)
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eart failure (HF) is an important healthcare issue

because of its high prevalence, mortality, morbidity,
and cost of care. As of 2012, 2.4% of the US population
has HF, with prevalence increasing with age such that
among those >80 years of age, almost 12% of both men
and women have HFE.!' Mortality is high, with 50% of
Medicare beneficiaries not surviving 3 years after an HF
hospitalization.? Although hospitalizations for HF have

decreased slightly in recent years,® the cost of HF care
is high and will remain a significant concern for the US
healthcare system. If one assumes a continuation of present
care practices, an increase in costs is expected, in part
because patients with HF will survive longer because of
the development and implementation of life-prolonging
therapies, as well as aging of the population, which will
lead to more patients at risk for developing HF.
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Previously, the American Heart Association (AHA) evalu-
ated the overall prevalence and medical costs of cardiovas-
cular diseases.* The AHA used a methodology that assumed
continued trends in HF epidemiology and avoided double
counting of disease costs across categories® and estimated
that HF would grow faster than other cardiovascular diseases
because of its higher prevalence among older Americans.
The purpose of the present study is to update and expand on
prior work and provide an in-depth look at how the chang-
ing demographics in the United States will impact the preva-
lence and cost of care for HF for different US populations.
Projections can be interpreted as the most likely scenario if
no further action is taken to reduce the health and economic
burden of HF; however, we expect that economic and politi-
cal forces will require major changes in healthcare deliv-
ery and spending before these projections become a reality.
These projections can be used to judge the effectiveness of
any health policy changes related to HF care.

Data and Methods

Overview

HF prevalence and costs (direct and indirect) were projected
using the following steps: First, HF prevalence and average
cost per person were estimated by age group (1844, 45-64,
65-79, 280 years), sex (male, female), and race/ethnicity
(white non-Hispanic, white Hispanic, black, other). HF preva-
lence was assumed to remain constant for each of the 32 age,
sex, and race/ethnicity groups included in the model. The ini-
tial HF cost per person was determined for each demographic
group and was assumed to increase in real terms based on the
historical rate of growth-of overall medical spending (direct)
and real wages (indirect), with the assumption that rising
prices and technological innovation will continue at the same
rate for the next 18.years. Then, total HE population.preva-
lence and costs were projected by multiplying prevalence rates
and average costs by the US Census—projected population of
each demographic group. Thus, projections reflect expected
changes in population demographics but assume no change
in prevalence and average relative cost within a demographic

group.

Projections of HF Prevalence

Prevalence estimates for HF were determined with data from
the 1999-2008 National Health and Nutrition Examination
Survey and US Census Bureau projected population counts
for years 2012 to 2030. Additional details are provided in
Appendix A.

Projected population counts for years 2012 to 2030 were
obtained from the 2008 population projections of the US resi-
dent population by age, sex, race, and Hispanic origin gener-
ated by the US Census Bureau based on Census 2000 data.
The US Census Bureau used a cohort-component method®
with assumptions regarding future births, deaths, and migra-
tion. We multiplied the prevalence estimates of HF condition
in each sex/age/race group by the projected population counts
in the corresponding category for years 2012 to 2030 to project
the number of people with HF in each category for each year.
Then, projected overall HF prevalence and prevalence by
overall demographic characteristic were calculated.

Projections of Direct Medical Costs

Medical costs of HF were estimated with the 2004—-2008 Medical
Expenditure Panel Survey (MEPS).” Details of the MEPS data
and their use in estimating cost of care are provided in Appendix
B. Briefly, estimates of future direct medical costs of HF were
determined in several steps. First, we estimated per person medi-
cal costs for people with HF as a function of health conditions
using a 2-part regression model that controlled for cardiovascular
disease conditions and other potentially costly or prevalent medi-
cal conditions and sociodemographic variables. Second, expen-
ditures attributable to HF were calculated as the difference in
predicted expenditures for a person with HF and predicted expen-
ditures for a similar person without the condition. Double count-
ing of expenditures in individuals with multiple conditions was
avoided by use of a previously developed procedure (described in
Appendix B).” Third, we adjusted the per person cost estimates to
account for nursing home spending. Fourth, we inflated the dollar
values from MEPS to 2010. Total medical costs of HF were then
estimated by multiplying the per person cost of each HF condi-
tion by the projected number of people with HE. Thus, estimates
do not assume that all costs of care for a patient with HF are
attributable to HF. Instead estimates provide an estimate of the
incremental cost of care attributable to HE.

Projections of Indirect Costs
Indirect costs of lost productivity from morbidity and premature
mortality were estimated. Morbidity costs represent the value of
lost earnings attributable to HF and include loss of work among
currently employed individuals and those too sick to work, as
well.as home productivity loss, which is the value of household
services performed by household members who do not receive
pay for the services.®® Per capita work loss and home productiv-
ity loss costs attributable to HF were estimated with 2001-2008
MEPS data and a negative binomial model for annual days of
work missed (work loss) and annual days in bed (home produc-
tivity loss) attributable to illness or injury as a function of HF,
other comorbid conditions, and sociodemographic variables.
We generated total work loss and home productivity loss costs
by multiplying per capita work days lost attributable to HF by
(1) prevalence of HF, (2) the probability of employment given
HF (for work loss costs only), (3) mean per capita daily earn-
ings, and (4) US Census population projection counts.
Mortality costs represent the value of lost earnings from
premature death attributable to HF. To calculate total mortal-
ity costs, we first multiplied death rates estimated from the
2006 National Vital Statistics data by Census population pro-
jections to project the number of HF deaths, which were then
multiplied by the remaining lifetime earnings. More details of
indirect cost calculations are provided in Appendix B.

Results

Prevalence

Table 1 displays the projected number of people in the United
States with HF from 2012 to 2030 for different age groups. By
2030, >8 million Americans will be living with HF, with 2 mil-
lion of these >80 years of age (>26% of all HF patients). Accord-
ingly, the prevalence of HF in the United States is expected to
increase by 23%, from 2.42% in 2012 to 2.97% in 2030. With
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Table 1. Projections of the US Population With HF From 2010 Table 2. Projections of Total Cost of Care ($ Billions) for HF
to 2030 for Different Age Groups for Different Age Groups of the US Population*
Year Al 18-44y 4564y 65-79y >80y Year All 18-44y 4564y 65-79y >80y
2012 5813262 396578 1907141 2192233 1317310 2012
2015 6190606 402926 1949669 2483853 1354158 Medical 209 033 3.67 846 842
Indirect: Morbidity 5.42 0.52 1.92 2.05 0.93
2020 6859623 417600 1974585 3004002 1463436 Indirect: Mortality 4.35 0.66 253 0.98 0.18
2025 7644674 434635 1969852 3526347 1713840 Total 30.7 1.51 8.12 11.5 9.53
2030 8489428 450275 2000896 3857729 2180528 2020
HF indicates heart failure. Medical 31.1 0.43 4.58 14.2 11.8
Indirect: Morbidity 7.09  0.66 2.20 3.11 1.12
. . Indirect: Mortality 5.39 0.79 2.89 1.49 0.22
tbe. growth of the.U.S population, the total number of Americans Total 436 188 9.67 18.8 132
living with HF will increase by 46% from 2012 to 2030. 2030
Cost of C Medical 53.1 0.59 5.86 23.3 23.4
ost ot Lare _ . . Indirect: Morbidity ~ 9.80 091 2.54 448 187
Total medical costs are projected to increase from $20.9 billion Indirect: Mortality 6.84 0.98 3.32 216 0.37
in 2012 to $53.1 billion in 2030 (Table 2; Figure 1), a 2.5-fold Total 69.7 2.48 11.7 29.9 25.6

increase. The majority (80%) of the costs attributed to HF are
related to hospitalization, assuming continuation of current
hospitalization practices. Indirect costs are expected to rise as
well, but at a lower rate, from $9.8 billion to $16.6 billion,
an increase of 69%. The total cost of HF (direct and indirect
costs) is expected to increase from $30.7 billion to $69.8
billion. This is equivalent to $244 for every US adult in 2030.

The above estimates, although avoiding double counting,
do not indicate the increased cost of treating all patients with
HF. If one assumes all costs-of care for HF patients are attrib-
utable to HF (ie, no cost attribution to comorbid conditions),
the 2030 projected cost estimates of treating HF ‘are 3-fold
higher (ie, $160 billion in direct costs).

Age Subgroups

Because of aging of the US population, the total/cost of care
for older Americans with HF will increase faster than for
younger ages. Cost of HF care will increase almost 3-fold
for those >65 years of age, whereas increases will be less for
younger age groups (a 1.6-fold increase for those aged 45-64
years and a 2-fold increase for those aged 18—44 years).

The fraction of total HF expenditures consumed to treat
those =65 years will increase from 69% in 2012 to 80% in
2030. Those >65 years of age have fewer indirect costs because
they are less likely to be employed than younger patients.

Sex and Race Subgroups

The prevalence of HF among different racial and ethnic groups is
expected to increase substantially (Figure 2). The highest preva-
lence will remain among blacks and will rise by 29% between
2012 and 2030, from 2.8% to 3.6%. In 2030, white Hispanic
and other non-Hispanic nonblack patients will have the lowest
prevalence, 2.3% and 2.4%, respectively. The fraction of men
and women with HF is expected to grow similarly over the next
18 years (Figure 3), with a higher prevalence among men.

The aging of the population and the growth in per capital
medical spending are the primary drivers of these projected
increases in HF costs, which are expected to grow the fast-
est for 265 years of age. Aging of the population has less of
an impact on indirect costs than direct costs because of lower
rates of employment among older Americans. Annual HF
costs for people aged 65 to 79 years are projected to increase

by 160%, from $11.50 }:1)1(1)1‘}1‘/(;1 oad§g9 93

from ttp pcircheartfailure. ahajourza s.org y guest on

HF indicates heart failure.
*Excludes HF care costs that have been attributed to comorbid conditions.

Discussion

This study projects that the burden of HF for the US healthcare
system will grow substantially during the next 18 years if current
trends continue. It is estimated that by 2030, the prevalence of HF
in the United States will increase by 25%;, to 3.0%. Because of the
increase in the size of the US population, the number of patients
with HF will increase by 46%, to >8 million patients by 2030. If
one assumes that the rate of medical care inflation from the past
decade continues over the next 2 decades, the cost of HF care will
increase >2-fold. Although our primarily analysis avoided double
counting, the cost estimates underestimate the cost of treating all
patients with HE. The direct cost of treating patients with HF could
be as much as 3-fold greater ($160 billion by 2030).

Because of aging of the population, the increase in HF will
be greatest for older Americans. Among those >80 years of age,
the number of patients with HF is expected to grow by 66% by
2030. Large increases are expected for all sex and racial/ethnic
subgroups.

Causes and Stages of HF
If the projections for accelerating HF costs are to be avoided,
an understanding of the different causes of HF and their risk
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Figure 1. The projected increase in direct and indirect costs
attributable to HF from 2012 to 2030 is displayed. Direct costs
(cost of medical care) are expected to increase at a faster rate

than indirect costs because of lost productivity and early mortal-
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Figure 2. Projected US prevalence of HF
from 2012 to 2030 is shown for different
races. The prevalence of HF remains low-
—=Other est among white Hispanics and highest
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among blacks. HF indicates heart failure.
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factors is helpful. HF is a clinical syndrome that results from a
variety of disorders of the myocardium (eg, idiopathic dilated
cardiomyopathy), cardiac valves, pericardium, or vasculature
(eg, ischemic heart disease). HF is generally a symptomatic
disease marked by shortness of breath, fatigue, and swelling.
Coronary artery disease, valvular disease, hypertension, and
dilated cardiomyopathy are the causes of HF in the majority
of patients in the Western world."®

In 2001, the American College of Cardiology and AHA
practice guidelines for chronic HF introduced a classification
system that encompasses 4 sequential stages of HE.'' Stages
A and B are considered precursors to the clinical syndrome
of HF and are meant to alert healthcare providers to known
risk factors for HF and the available therapies aimed at miti-
gating disease progression. Stage A patients are at risk for
HF related to conditions such as hypertension, atheroscle-
rotic heart disease, and diabetes mellitus. Patients with stage
B have developed structural heart disease from a variety of
potential insults to the heart muscle, ranging from previous
myocardial infarction to valvular heart disease, but remain
asymptomatic. Stages C and D represent the symptomatic
phases of HF. Most HF therapeutic interventions, includ-
ing dietary salt restriction, medications known to prolong
survival, and implantable devices such as pacemakers and
defibrillators, are targeted at patients with symptomatic HF

(stage C). In the end stages of HF (stage D), patients develop
marked symptoms at rest or with minimal activity despite
optimal medical therapy.

Risk Factors

An understanding of risk factors for HF is important for the
development of interventions aimed at prevention. Classic
demographic risk factors for.the development of HF include
older age, male sex, ethnicity, and low socioeconomic status.'?
Specificcomorbid and disease states also contribute significantly
to the development of HF. Ischemic heart disease is thought
to be-the most important risk factor for HFE. Hypertension is
associated with a smaller relative risk of development of HF
than that associated with ischemic heart disease but contributes
more to the overall population burden of HF because of its
greater prevalence.”* Diabetes mellitus, insulin resistance,
and obesity are also linked to HF development, with diabetes
mellitus increasing the risk of HF by =2-fold in men and up
to 5-fold in women.'"*!> Smoking remains the single largest
preventable cause of disease and premature death in the United
States, and current smokers have a significantly higher risk for
the development of HF than ex-smokers and nonsmokers.!®!”
Although ischemic heart disease and smoking have declined,
any associated reduction in future HF may be offset by the
growing rates of diabetes mellitus and obesity.
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== Male
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Figure 3. Projected prevalence of HF
from 2012 to 2030 is shown for men

and women in the United States. The
prevalence of HF remains highest among

1.0%

men throughout the period, although it
increases among both groups over time.
HF indicates heart failure.
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Potential Strategies to Reduce Future Costs
Prevention and treatment of HF can be improved through
enhanced community-based cardiovascular health strate-
gies, new therapies for prevention and treatment of HF, and
improved implementation of existing preventative measures
and therapies.'? In an effort to increase the use of evidence-
based prevention and treatment approaches, the AHA, alone
or in partnership with the American College of Cardiology
and other professional societies, has produced guidelines for
the prevention and treatment of HE.'>!8 Other prevention-ori-
ented guidelines for hypertension, cholesterol, smoking, obe-
sity, and physical activity, if successfully implemented, would
also be expected to reduce the incidence of HF.!*>* Primordial
prevention strategies have substantial potential to reduce the
population burden of HF by preventing the development of
adverse risk factors for HE.**

In multiple studies, disparities and variations in use of evi-
dence-based therapies in eligible patients with or at risk for HF
have been demonstrated.>? As a result, patients may develop
incident HF, be hospitalized, and experience fatal events that
could have been prevented with more effective implementa-
tion of guideline-recommended therapy.”® Improved imple-
mentation of guideline-based therapies can prevent the onset
of HF in those at risk and substantially improve survival in
patients with established HF.?”-® Thus, there remain substan-
tial opportunities to improve implementation of existing ther-
apies to both prevent and-treat HE.

Performance measures help focus quality measurement
and improvement efforts on guideline-based strategies or
processes that have the greatest clinical impact.” The AHA,
the American College of Cardiology, The Joint Commission,
the Centers for Medicare and Medicaid Services, and other
organizations have developed performance measures for
patients with, and at risk for, cardiovascular diseases.”* By
facilitating measurements of cardiovascular healthcare qual-
ity, performance measures may serve as vehicles to acceler-
ate appropriate translation of scientific evidence into clinical
practice.” Performance measure sets for HF treatment, as well
as primary and secondary cardiovascular prevention in the
ambulatory setting, have been developed.’**

Performance improvement programs have facilitated the
implementation of evidence-based therapies in both hospital
and ambulatory care settings.***’ Not only have hospitals
improved HF, coronary artery disease, and stroke care
substantially over time, those providing the highest levels of
care based on the performance measures have better patient
survival rates than hospitals not performing at the highest level.*
Substantial quality improvement has also been demonstrated in
the outpatient practice setting.’” Thus, guidelines, performance
measures, and performance improvement programs can have a
substantial impact on cardiovascular prevention and treatment
and will be important tools for limiting the burden of HF. The
AHA strongly recommends the use of programs such as the
AHA’s Get With The Guidelines, the AHA/American Cancer
Society/American Diabetes Association’s The Guideline
Advantage, the American Heart Association’s Heart 360, and
the American College of Cardiology’s Practice Innovation
and Clinical Excellence (PINNACLE) to identify appropriate
patients for therapy, provide practitioners with useful reminders

Forecasting the Impact of Heart Failure 5

based on the guidelines, and continuously assess the success
achieved in providing guideline-based therapies to patients
who can benefit from them.

Care Transitions and Coordination

Hospitalizations (including readmissions) account for a sub-
stantial portion of the cost of HF care. To achieve the best clin-
ical outcomes and reduce preventable hospitalizations, care
coordination is necessary. Care coordination may be challeng-
ing because of patient, family, or caregiver factors; disparities
in care; and complex and sometimes confusing medical regi-
mens. With aging, patients are likely to have comorbid condi-
tions, including atrial fibrillation, sleep-disordered breathing,
and anemia, all of which cause dyspnea and fatigue, which
makes it difficult for patients to determine the specific caus-
ative condition that requires attention.*® Furthermore, social
support may be important if all patients with HF are to obtain
recommended care.*

Care transition programs by hospitals have become more
widespread in an effort to reduce avoidable readmissions. The
interventions used by these programs include initiating discharge
planning early in the course of hospital care, actively involving
patients and families or caregivers in the plan of care, provid-
ing new processes and systems that ensure patient understanding
of education about the plan of care before discharge from the
hospital, and improving quality of care by continually monitor-
ing adherence to national evidence-based guidelines. In multiple
studies, self-care adherence to the HF plan of care was associ-
ated with reduced all-cause mortality or HF hospitalization.**!

Although many care| coordination and transitions programs
were found to benefit patients by decreasing readmissions,***
decreasing medication discrepancies,”’ and reducing cost of
care, P44 not all programs were effective.*52 It is possible that
care transition programs may increase appropriate admissions
while decreasing inappropriate admissions, which would have an
uncertain impact on the 30-day all-cause readmission rate that
has become a focus of public reporting and pay for performance.

Provider Workforce for Managing Patients With HF
The needs of the growing HF population cannot be met by
physician and nursing subspecialists alone. Rather, a marked
expansion of competency across the broad provider work-
force is needed. Key factors driving this growing and shifting
demand include (1) the burgeoning patient numbers, largely
a result of population aging; (2) a shift of care from inpatient
to outpatient settings; and (3) consolidation of provider ser-
vices away from small group practices and toward integrated
systems. The net result will likely be a significant increase
in the need for specialized HF physicians, general cardiolo-
gists, primary care providers with expanded competency in
HF, advanced practice nurses, and other practitioners, includ-
ing pharmacists.

When considering professional staffing in HF management,
administrators should recognize the dichotomous nature of the
population and practice: (1) Acute and chronic “standard” HF
management, including palliative care, for most patients and
(2) “advanced HF” management, including heart transplanta-
tions and ventricular assist devices for select patient subsets.
Both types of HF care require a multidisciplinary approach,
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with standard HF care requiring management of the multiple
comorbidities of the older population and advanced HF care
driven by the complex and technical nature of medical and
transplant cardiology practice.

Much of advanced HF care is currently provided by large
practices with at least 10 full-time equivalent staff.> These larger
programs often include multiple disciplines such as financial
coordinators, social workers, exercise physiologists, nutrition-
ists, psychologists, and pharmacologists. Small practices (<4
full-time equivalent staff; 43% of all HF practices) provide less
advanced care, whereas the majority of standard HF care is pro-
vided outside of HF practices by providers in primary care and
general cardiology. It is likely that an increase in staffing needs
will be proportionately weighted more heavily toward ambula-
tory medical management than advanced therapies, potentially
with a proportionately greater involvement of nonphysician staff.

It is likely that the number of providers pursuing advanced
HF training will need to increase to meet future demands
for advanced HF care. In 2005, the Heart Failure Society of
America identified only 48 active US advanced HF training
programs, although 17 additional institutions were consid-
ering initiating programs. However, the American Board of
Internal Medicine’s recent designation of Advanced Heart
Failure and Transplant Cardiology as a certifiable second-
ary subspecialty™ has sparked expanded interest in the field
by cardiologists and cardiology trainees. The Accreditation
Council for Graduate Medical Education is in the final stages
of preparation for training program accreditation. For nurses,
HF certification examination is now offered by the American
Association of Heart Failure Nurses, and >200 nurses have
taken the examination. Econemic factors may alse increase
provider supply. New reimbursement models, such as bundled
payments for an HF population, will increasingly link rewards
to improved efficiency, quality, and clinical outcomes, again
driving organizational resources into HF management.

Racial Disparities in HF Care
Diversity in race, ethnicity, and socioeconomic culture should
not lead to disparities for HF prevention or care, yet disparities
of care have been observed across ethnic and racial minority
groups. Although guidelines can be applied across all groups,
it is important to remember that certain racial/ethnic groups
have a higher prevalence of risk factors, such as hypertension
among black women or diabetes mellitus in women of Mexi-
can-American descent.>

By the year 2050, 1 of 3 individuals in the United States
will be of Hispanic origin. Costs will be amplified because
Hispanics are younger at onset of HF, as recently confirmed in
the Get With The Guidelines—Heart Failure registry.* Relative
to non-Hispanic whites, blacks and Hispanics with HF and
preserved or reduced ejection fraction were more likely to have
a greater proportion of significant risk factors such as diabetes
mellitus, hypertension, and obesity.” Furthermore, Hispanics
may be more likely to have less insurance and access to care.
Some disparity is caused in part by limited acculturation and a
lower socioeconomic level. Patients with HF who are foreign-
born and do not speak English as their primary language have
a greater risk of rehospitalization, independent of clinical
factors and race/ethnicity.”” If improvement programs, such as

Get With The Guidelines, are implemented in hospitals, quality
measures can increase across all groups, thus benefitting the
Hispanic population as well.*

Although the number of black patients with HF is not
expected to increase as quickly as the number of Hispanic
patients, there is concern that disparities in access to high-
quality chronic care may perpetuate a greater burden of HF
for this group. In a study of Medicare beneficiaries, hospital-
izations for HF declined less for black patients than for other
patient groups.® Although black patients had higher rates of
readmission for HF than whites within the first year of dis-
charge,”® mortality rates at 30 days and 1 year were lower
for blacks than whites. Lower mortality by black race was
ascribed to the success of Medicare in allowing access to the
healthcare system. Thus, the importance of a social net may be
significant in preventing disparities by race. Ongoing research
should address the underrepresentation of some racial groups
in HF trials and thus the potential lack of understanding of
group differences regarding effective therapy.>

End-of-Life Care

For the foreseeable future, the majority of patients with HF
will experience worsening symptoms, decreased quality of life,
accelerating episodes of decompensation, and a refractory termi-
nal phase of disease®®! (AHA/American College of Cardiology
stage D).'® In 2008, HF was listed on 1 in 9 US death certificates,
and for 56565 individuals, it was given as the underlying cause
of death.! Additionally, a substantial and increasing proportion
of patients have comorbidities that further worsen quality of life
and, in some cases, will be the cause of death.®>%

Although the median survival for patients with symptom-
atic HF is =5 years, the clinical course for an individual patient
is typically nonlinear and relatively unpredictable, with acute
episodes of decompensation often separated by relative peri-
ods of stability.** The relative uncertainty in prognosis,
compared with the more predictable linear decline of patients
with advanced cancer, for example, complicates the already
difficult process of planning for the terminal phase of disease.

Advanced therapies for HF are frequently discussed in
the setting of stage D disease, but such advanced options are
unlikely to be appropriate for the majority of patients. Use
of cardiac transplantation is constrained by a limited supply
of donor hearts, a situation that will not likely change in the
foreseeable future.®® The use of mechanical circulatory sup-
port may increase as the technology improves but is likely
to remain inappropriate for the majority of patients with HF
because of the predominance of HF with normal ejection frac-
tion, multiple comorbidities, or very advanced age.?>’

Prolongation of the final stages of the disease will impose
an even heavier burden of limitation and suffering onto not
only patients but also families and the medical system. More
than a quarter of Medicare spending occurs in the last year
of life,® and the costs of care during the last 6 months for a
patient with HF have been increasing (by 11% from 2000 to
2007).% Increasing prevalence and length of end-of-life care
for patients with stage D HF will require ongoing integration
of multiple aspects of care, patient priorities, and shared deci-
sions that have not been adequately emphasized under prior
systems of care.
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Palliative care, including formal hospice care, is increas-
ingly advocated for patients with advanced HE.%77! Offering
palliative care to patients with HF may lead to more conser-
vative (and less expensive) treatment that is consistent with
many patients’ goals for care. Although cancer remains the
most prevalent hospice diagnosis, the use of hospice services
is growing among the HF population, with HF now the sec-
ond most common reason for entering hospice. As mentioned
above, a challenge to timely hospice referral for patients
with HF is the difficulty of predicting life expectancy, even
for patients with advanced disease. A recent study of patients
in hospice care found that patients with HF were more likely
than patients with cancer to use hospice services longer than 6
months or to be discharged from hospice care alive.”

Study Limitations

The present analysis has several limitations. First, we esti-
mated costs of HF care using survey data, which are subject
to sampling error. Thus, there is uncertainty in our point esti-
mates that is difficult to quantify. We used the human cap-
ital approach to estimate indirect costs and did not include
the time value of informal caregivers of those with HE.”®> The
human capital approach also undervalues the morbidity costs
of those not in the labor force (psychological costs), which is
often the case for patients with HF. Our analysis did not exam-
ine types of HF (eg, type of cardiomyopathy, valve disease,
arrhythmia), and it is likely that the relative prevalence of the
causes of HF will change over time.

Our study did not assume any change in mortality or admis-
sion rates once HF occurred. Recent studies have found that
hospitalizations for HF and mortality have' both declined.?
If such trends continue, the impact on our estimates will be
mixed. Considerable effort is under way to develop -more
sophisticated home management strategies and to disincentiv-
ize hospital utilization through financial incentives and altered
reimbursement models. Some have projected these efforts to
markedly reduce the trajectory of HF-related hospitalization
rates. Although lower hospitalization rates would lead to less
cost, longer life expectancy with HF could increase resource
use and result in higher costs. If better adherence to guidelines
occurs or new treatments are developed, patients may live lon-
ger but also healthier. Our study also assumed that the rate of
growth of healthcare spending would continue based on his-
torical trends. Costs may be reduced if the rate of development
of new HF technologies slows or major changes in the structure
of financing of healthcare change resource use patterns.

We recognize that differences exist between our estimates
of HF cost and those previously published in the Heart
Disease and Stroke Statistics—2010 Update.™ The present
study used more recent data and different methods that avoid
double counting of disease costs. Our cost estimates are 3-fold
higher if we assume all medical costs for a patient with HF are
attributable to HF.

Conclusions
Assuming continuation in present practice patterns, the cost
of HF is projected to increase markedly over the next 18
years based on demographic changes in the population. The
cost would be substantial, with each US adult, on average,
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paying $244 annually by 2030 to care for the 10 million
patients with HE. The best solution is prevention, which is
possible through treatment of predisposing conditions such
as coronary artery disease, hypertension, and diabetes mel-
litus. Prevention strategies need to be applied broadly across
diversely ethnic and racial groups as well. Further research
on HF prevention by sex is also needed. In addition, a shift in
the care model directed toward reducing inpatient hospital-
ization use could have a significant impact on the trajectory
of overall HF-related costs. Health policy should continue to
expand its focus on prevention of HF to continue to improve
the health of the US population and to reduce use of limited
healthcare resources.

Appendix A: Data Definitions

Questions/Measures and /CD-9-CM Codes Used to Define HF
Conditions in NHANES and MEPS

Qualifying Questions/Measures ICD-9 Codes
Condition From NHANES From MEPS
Hypertension Were you told on 2 or more different 401, 403

visits that you had hypertension, also
called high blood pressure?

Are you now taking prescribed medicine
for your high blood pressure?

Average SBP >140 mm Hg or average

DBP >90 mmHg
Coronary heart Has a doctor or other health professional 410, 411,
disease ever told you that you had coronary 412, 413,
heart disease? 414

Has a doctor or other health professional
ever told you that you had angina, also
called angina pectoris?

Has a doctor or other health professional
ever told you that you had a heart attack
(also called myocardial infarction)?

Rose Questionnaire

Heart failure Has a doctor or other health professional 428
ever told you that you had congestive

heart failure?

Stroke Has a doctor or other health professional 430, 431,
ever told you that you had a stroke? 433, 434,
436, 438

Other heart NA
failure, including
cerebrovascular

390, 391,
393-400,
402, 404,
405,

415-427,
429, 432,
435, 437,
440-448,
450-459,
745-747

DBP indicates diastolic blood pressure; HF, heart failure; /CD-9-CM,
International Classification of Diseases, Ninth Revision, Clinical Modification;
MEPS, Medical Expenditure Panel Survey; NA, not applicable; NHANES,
National Health and Nutrition Examination Survey; and SBP, systolic blood
pressure.
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Appendix B: Detailed Data and Methods

Projections of HF Prevalence

Prevalence of HF was estimated with data from the 1999-2008
National Health and Nutrition Examination Survey. The
National Health and Nutrition Examination Survey is a sur-
vey of a nationally representative sample administered by
the National Center for Health Statistics, which is part of
the Centers for Disease Control and Prevention. The survey
includes an interview and a physical examination component;
the interview includes demographic, socioeconomic, dietary,
and health-related questions, and the examination component
consists of medical, dental, and physiological measurements,
as well as laboratory tests administered by highly trained
medical personnel. Prevalence of HF was based on patient
self-report. A list of qualifying measures and questions used
to define HF is presented in Table Al.

We estimated the prevalence of HF using logit regression
models controlling for survey year and demographics (age,
sex, and race/ethnicity). Stepwise regressions were used to
determine significant interactions of demographics to be
included in the models. We predicted prevalence of HF in each
sex/age/race cell for 2007 to 2008 using coefficients from
the logit regressions. Prevalence estimates were adjusted to
account for the nursing home care population using data from
the 2004 National Nursing Home Survey.

Prevalence estimates were then combined with Census
projections of population counts for years 2012 to 2030
to generate the projected number of people with HF and
projected HF prevalence for years 2012 to 2030. Projected
population counts for years 2012 to 2030 were obtained from
the 2008 population projections of theUS-resident population
by age, sex, race, and Hispanic origin generated by the US
Census Bureau. The 2008 projections are based on Census
2000 and were produced by use of a cohort-component
method. The projections are based on assumptions about
future births, deaths, and net international migration. We
multiplied predicted prevalence of HF in each sex/age/race
cell by the projected population counts in the corresponding
cells for years 2012 to 2030 to project the number of people
with HF in each cell in each of the years. We then aggregated
the number of people with HF by sex, by age, and by race
and calculated projected HF prevalence overall and by each
demographic characteristic.

Projections of HF Direct (Medical) Costs

The main data source for the generation of projections of
medical costs of HF was the 2004-2008 MEPS.” MEPS is a
nationally representative survey of the civilian noninstitution-
alized population administered by the Agency for Healthcare
Research and Quality. MEPS provides data on participants’
use of medical services and the corresponding medical costs.
Medical conditions are identified in MEPS Medical Condition
files based on self-reports of conditions that led to medical
visits or treatment within the interview year. Medical condi-
tions are classified with International Classification of Dis-
eases, Ninth Revision, Clinical Modification codes based on
self-reported conditions that were transcribed by professional
coders. HF was defined with International Classification of

Diseases, Ninth Revision, Clinical Modification codes, with
a full list of the codes presented in Appendix A. The MEPS
data measure total annual medical spending, including pay-
ments by insurers and out-of-pocket spending (copayments,
deductibles, and payments for noncovered services). The costs
captured by MEPS represent payments (not charges) from
the payer to the provider. MEPS spending data are obtained
through a combination of self-report and validation from pay-
ers (eg, private insurers).

Projections of the direct medical costs of HF were estimated
by point of service. The following point-of-service categories
were used (MEPS expenditure files listed in parentheses):
Hospital (inpatient, outpatient, emergency department), phy-
sician (office-based visits), prescription (prescription), home
health (home health), and other (vision, medical supplies,
dental). Nursing home costs were estimated with the 2004
National Nursing Home Survey (see below).

For each point of service, projections of the direct medi-
cal costs of HF were estimated by use of the following steps.
First, we estimated per person medical costs as a function of
health conditions using a 2-part regression model. In the first
part of the 2-part model, we used a logistic regression model
to predict the probability of any expenditures. For the second
part of the model, we used a generalized linear model with
a gamma distribution and a log link to estimate total annual
medical expenditures for people having any expenditures. We
used an algorithm for choosing among alternative nonlinear
estimators recommended by Manning and Mullahy” and
found that this type of model was the most appropriate for the
data. Our model controlled for cardiovascular disease condi-
tions and other potentially costly or prevalent medical condi-
tions and sociodemographic variables.

Second; expenditures attributable to HF were calculated
as the difference in predicted expenditures for a person with
HF and predicted expenditures for a similar person without
HE We estimated the per person cost attributable to HF for
each age/sex/race cell based on coefficients from the national
pooled model.

Disease-attributable expenditures are typically calculated
by predicting expenditures using observed diseases and sub-
tracting from that predicted expenditures, setting the disease
of interest (eg, HF) to zero and leaving all other covariates and
diseases as they are in the data. However, in previous work, we
have shown that in nonlinear models, such as the model used
here, this approach will lead to double counting of expendi-
tures for concurrent diseases, regardless of whether one dis-
ease causes the other.” Double counting of expenditures is a
particular problem in cases in which >1 condition is treated
during a single office visit or hospitalization. We used a tech-
nique, termed complete classification and described in a previ-
ous study, to ensure that no double counting occurred.’ Using
the parameters of the econometric model, we specifically
treated each disease and combination of diseases observed in
the data as its own separate entity when calculating the attrib-
utable costs. For example, HF alone and HF with hyperten-
sion would be treated as 2 different diseases in the attributable
expenditure calculation described above. We then divided the
total expenditures attributable to the combinations of diseases
back to the constituent diseases using the parameters from the
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model to construct shares for each constituent disease within
a combination (ie, a share of all HF with hypertension disease
costs that are attributable to HF). The shares attribute a greater
share of the joint expenditures to the disease with the larger
coefficient in the main effect. The formula to construct the
shares is given in Trogdon, Finkelstein, and Hoerger.?

Our third step in calculating projections of direct medical
costs was to adjust the per person cost estimates to account for
nursing home spending by use of data from the 2004 National
Nursing Home Survey and National Health Accounts. We
assumed that per person, non-nursing home expenditures
attributable to cardiovascular disease were the same for the
nursing home population as for the noninstitutionalized
population.

Fourth, to estimate projected costs, we first followed rec-
ommendations from the Agency for Healthcare Research
and Quality to inflate dollar values in the MEPS data to
2010.7 We then multiplied the per person cost of HF in each
sex/age/race cell by the projected number of people treated
for HF in the corresponding cells for years 2012 to 2030. The
projected number of people treated for HF was calculated by
use of a similar methodology as outlined in the “Prevalence”
section. However, instead of the National Health and Nutrition
Examination Survey data, we used 1996-2008 MEPS data
to predict the treated prevalence of HF, because only those
patients who receive treatment incur medical costs within a
certain year.

Finally, we used Congressional Budget Office assumptions
for future healthcare cost growth above and beyond growth
attributable to population growth and aging.”” We assumed
that the costs of HF would increase at the same rate as overall
medical expenditures between 2012 and 2030, an average
annual rate of 2.85%.

Projections of Indirect Costs of HF
Two types of indirect costs were calculated: Lost productivity
from (1) morbidity and (2) premature mortality.

Morbidity Costs of HF

Morbidity costs represent the value of foregone earnings from
lost productivity attributable to HE. Morbidity costs include 3
components: Work loss among currently employed individu-
als, home productivity loss, and work loss among individu-
als too sick to work.” Per capita work loss days attributable
to HF by age, sex, and race/ethnicity were estimated with
2001-2008 MEPS data. We estimated a negative binomial
model for annual days of work missed because of illness or
injury as a function of HF, other comorbid conditions, and
sociodemographic variables. Per capita work days lost attribut-
able to HF for each age/sex/race cell were based on coefficients
from the national pooled model. As for medical expenditures,
we avoided double counting of costs that resulted from indi-
viduals with multiple conditions by using the previously cited
procedure.” We generated total work loss costs by multiply-
ing per capita work days lost because of HF by (1) preva-
lence of HF (by age, sex, and race/ethnicity) from MEPS, (2)
the probability of employment given HF (by age, sex, and
race/ethnicity) from MEPS, (3) mean per capita daily earnings
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(by age and sex) from the 2010 Current Population Survey,
and (4) Census population projection counts (by age, sex, and
race/ethnicity).

Home productivity loss was estimated by valuing days
spent in bed because of HF at the replacement cost of house-
keeping services.” Per capita days in bed because of HF by
age, sex, and race/ethnicity were estimated with 2001-2008
MEPS data and the same strategy as outlined above for work
days lost. We generated total home productivity loss costs
by multiplying per capita bed days attributable to HF by
(1) prevalence of HF (by age, sex, and race/ethnicity) from
MEPS, (2) dollar value of a day of house work (by age and
sex),” and (3) Census population projection counts (by age,
sex, and race/ethnicity).

To estimate work loss among individuals too sick to work
because of HF, we first estimated the number of people too
sick to work who would have been employed except for their
HE. For the noninstitutionalized population, we multiplied
the number of people not in the labor force because of ill-
ness/disability by age from the Current Population Survey”
by the percentage of all work loss attributable to HF based on
the MEPS regression analysis for work loss days described
above. The assumption was that the percentage of work
days missed because of HF was the same for days missed
by being out of the labor force and for days missed condi-
tional on working. For the institutionalized population, we
multiplied the number of people with a primary diagnosis of
HF from the 2004 National Nursing Home Survey (as a per-
centage of total population) by Census population counts and
the probability of employment given HF (by age, sex, and
race/ethnicity) from MEPS. The last component accounts for
individuals with HF who might not have worked even if they
had not been institutionalized. Finally, the sum of the num-
ber of noninstitutionalized and institutionalized people too
sick to work because of HF was multiplied by 250 work days
per year and mean annual earnings from the 2010 Current
Population Survey.

Mortality Costs of HF

Mortality costs represent the value of foregone earnings from
premature mortality attributable to HE. We began with esti-
mates of lifetime earnings by sex and age provided by the
National Heart, Lung, and Blood Institute to the AHA (unpub-
lished data). We then expressed these 2003 values in real 2010
dollars using the Census’s price deflator and adjusted the val-
ues based on observed changes in real earnings between 2003
and 2010.%

We estimated death rates for each HF category by age, sex,
and race/ethnicity using 2006 National Vital Statistics data.®!
Assuming the death rates remained constant within age, sex,
and race/ethnicity cell, we multiplied the death rates by Census
population projections to project the number of HF deaths by
age, sex, race/ethnicity, and year through 2030. Finally, we
multiplied age- and sex-specific remaining lifetime earnings
by the projected number of deaths in the corresponding age/
sex cells to obtain projections of total mortality costs. The real
value of indirect costs (morbidity and mortality) was assumed
to grow at the Congressional Budget Office’s average annual
growth rate of real earnings (1.54%) through 2030.32
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