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Abstract

Background—Congestive heart failure (CHF) affects 5.7 million Americans, costing $32 billion
annually in treatment expenditures and lost productivity. CHF also contributes to health disparities
between black and white Americans: blacks develop CHF at a younger age, and are more likely to
be hospitalized and die from it. Improved CHF treatment could generate significant health benefits
and reduce health disparities.

Objectives—To illustrate the potential benefit of effective CHF treatment in terms of improved
health, greater social value, and reduced health disparities between black and white
subpopulations.

Methods—We adapted an established economic-demographic microsimulation to estimate
scenarios in which a hypothetical innovation eliminates the incidence of CHF and, separately, six
other diseases in patients aged 51-52 in 2016. We followed this cohort until death and estimated
total life years, quality-adjusted life years (QALY's) and disability-free life years (DFLY's) with
and without the innovation, for the population overall and for race- and gender-defined
subpopulations.

Results—CHF prevalence among 65- to 70-year-olds increases from 4.3% in 2012 to 8.5% in
2030. Diagnosis with CHF coincides with significant increase in disability and medical
expenditures, particularly among blacks. Preventing CHF among those aged 51-52 in 2016 would
generate nearly 2.9 million additional life years, 1.1 million DFLYSs, and 2.1 million QALY's worth
$210 to $420 billion. These gains are greater among blacks than whites.
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Conclusions—CHF prevalence will increase substantially over the next two decades, and will
affect black Americans more than whites. Improved CHF treatment could generate significant
social value, and reduce existing health disparities.
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Methods

There is much concern about the increasing share of national income devoted to health care,
(1) but spending increases have been accompanied by significant health improvements. Most
significantly, age-standardized death rates from all causes have fallen 43% since 1969 (from
1,279 deaths per 100,000 in 1969 to 730 in 2013).(2) Better cardiovascular outcomes have
driven much of this improvement, with age-adjusted deaths from heart disease falling from
520 per 100,000 in 1969 to 168.5 in 2015.(2,3) Evidence-based treatment of associated risk
factors has been credited with contributing to these declines.(4)

However, progress may be slowing, and — in some disease areas like congestive heart
failure (CHF) — may even be reversing. An estimated 5.7 million American adults suffer
from CHF, and CHF is a contributing factor in 1 in 9 U.S. deaths.(4) The Centers for Disease
Control reports that between 2011 and 2014, age-adjusted death rates from heart failure rose
from 16.9 to 18.6 per 100,000.(5)

This trend may also exacerbate existing racial health disparities. African Americans develop
heart failure earlier than whites, and are more likely to be admitted to the hospital for it.(6,7)
In addition, the 5-year risk-adjusted all-cause mortality rate for CHF patients is 34% higher
for African Americans than whites.(8,9) Given these existing racial disparities, the fact that
the age-adjusted death rates from CHF are increasing is particularly alarming.

Adding to the personal toll of CHF—premature death, disability and loss of quality of life—
its economic costs are substantial: almost $32 billion annually for U.S. treatment costs and
lost productivity.(7) Fortunately, recent treatment innovations suggest that the future impact
of CHF on patient outcomes, economic productivity, and overall social value could be
reduced, perhaps even in a way that mitigates health disparities.(10-12)

This paper models the potential benefits to population health from continued innovation in
CHF treatment. Using US population-wide simulations, we estimate trends in CHF
prevalence, and how much improved CHF treatments could improve overall social value,
and reduce racial and gender differences in health outcomes.

To illustrate the potential benefits of improved CHF treatment, we adapted the Future
Elderly Model (FEM), an established economic-demographic microsimulation that has been
used to study a wide variety of health policy questions. The FEM has been developed over
time with support from the National Institute on Aging, the Department of Labor, the
MacArthur Foundation, and the Centers for Medicare & Medicaid Services to study health
care innovation in a wide variety of contexts, including heart disease.(13-17)
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The FEM simulates health and medical spending for Americans aged 51 years and older.
The model uses initial demographic characteristics and health conditions for each individual
to project their medical spending, health conditions and behaviors, disability status, and
quality of life. A key advantage of the FEM is that it tracks individual-level health
trajectories and patient outcomes, which allows us to consider the impact of innovation by
characteristics such as gender and race.

The FEM’s core module uses individuals’ current characteristics to calculate transition
probabilities among health states, including mortality, functional status, body mass index
(BMI) and six disease conditions: diabetes, high blood pressure, heart disease (including
CHF), cancer (excluding skin cancer), stroke, and lung disease. The model uses inputs from
three nationally representative datasets: The Health and Retirement Survey (HRS), a
biennial survey of the American population aged 51+ which has been conducted since 1992;
the Medical Expenditure Panel Survey (MEPS), a set of large-scale surveys of the non-
institutionalized US population, and the Medicare Current Beneficiary Survey (MCBS), a
survey of Medicare beneficiaries about their health status, healthcare use and insurance
coverage. More detail on the model and data sources is provided in the technical appendix.
(18)

Prevalence and incidence of CHF

To predict which individuals have or will get CHF during the simulation, we use HRS
historical data to build a two-year CHF incidence model based on predictors including age,
sex, education, race, age-race interactions, BMI, smoking behavior, marital status, and the
six disease conditions modeled. This is a first-order Markov model in which time-varying
components enter via their status two years prior. For example, diabetes status in the prior
wave of the survey is a predictor of incident CHF in the current wave. All transition models
in the simulation have this structure.

CHF status is included as a predictor of other outcomes of interest, including mortality,
functional limitations (ADL), and instrumental activities of daily living (IADL) limitations.
Mortality is estimated as a two-year probit model, controlling for age, race, sex, education,
widowhood, smoking status, the six chronic diseases, ADLs, and IADLs. The number of
functional limitations is estimated as an ordered probit with four categories: none, one, two,
and three or more. This ADL model controls for the same set of variables as the mortality
model, plus BMI. IADL limitations are also modeled with the same predictors, as an ordered
probit with three categories: none, one, and two or more.

Valuing health benefits

To value health benefits, we predict quality-adjusted life years (QALYS) using the EQ-5D, a
widely-used health-related quality of life index. The EQ-5D instrument includes five
questions regarding the extent of problems in mobility, self-care, daily activities, pain, and
anxiety/depression, and has been widely used in both Europe and the United States.(19,20)
Using the 2001 MEPS, we estimate a linear model fitting EQ-5D scores as a function of six
chronic conditions and functional status (details in technical appendix). We predict a QALY
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measure for every person in the simulation in every year based on their simulated health and
functional status.

We simulate outcomes for a representative cohort of 51- and 52-year-olds beginning in 2016
(n=13,040). This cohort, described in the technical appendix, is based on respondents from
the HRS. In each year, the spending module predicts medical expenditures over the next two
years (the HRS is biennial) based on each individual’s current ‘state’. The health module is
then used to predict who will survive to year 2018, and their obesity status, disease, and
functional state, and a predicted QALY for that year. The spending module is then used to
predict that period’s health care resource use. The simulation iterates in this manner until
everyone in the 2016 cohort has died. We repeat the simulation 500 times for each scenario
and report the average outcomes and resulting confidence intervals. Primary outcomes are
life expectancy, quality-adjusted life expectancy, and lifetime medical spending. All costs
and QALYs are discounted using a 3% annual discount rate as suggested by Gold et al.(21)

To predict the prevalence of CHF from 2016 to 2030, we simulate the population aged 50+
in 2016 and beyond, accounting for projected demographic trends over time. To examine the
burden of CHF, we model the life trajectories of the cohort of individuals aged 51-52 in
2016 to construct a baseline scenario, and compare this to a “No CHF” scenario in which no
individuals in the cohort develop CHF throughout the simulation, maintaining all other
transition dynamics. While completely preventing CHF might seem unrealistic, it provides
an upper bound for the potential social gain from a medical innovation. For comparison, we
perform similar analyses eliminating, in turn, diabetes, high blood pressure, lung disease,
cancer, obesity and stroke. To calculate total QALY's added in each scenario, we calculate
the number of individuals aged 51-52 in 2016 and multiply this by the average QALY's
added.

Implementation

Results

Transition models are estimated using the RAND HRS version P, using nationally
representative waves from 1998-2012 (n=114,489 person-waves). Medical costs are
estimated using MEPS 2007-2010 for the non-Medicare population and MCBS 2007-2012
for the Medicare population. All estimations performed with Stata 14.0. See the technical
appendix for estimates.(18)

Figure 1 shows the prevalence of CHF through 2030—years 1996 through 2010 represent
data from the HRS, while years 2012 and beyond reflect simulation estimates. Among 65-
to-70-year-olds, the prevalence of CHF is expected to increase from 4.29% in 2010 to 8.45%
(95% ClI: 8.03-8.87%) in 2030.

Analysis of the 2010-2012 HRS data among patients with cardiovascular disease shows that
the age-adjusted incidence of CHF is higher among blacks than whites, and highest for black
females (4.8%) (black males: 4.1%, white females: 4.0%, white males: 3.5%).
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We also considered the impact of CHF on disability status, and how this varies with race and
gender. Using 2000-2012 HRS data, we identified all patients without CHF in one period
who went on to develop CHF in the subsequent period, and their reported ability to perform
five ADLs: eating, bathing, dressing, walking across a room, and getting in or out of bed.
Figure 2 reports the age-adjusted proportion of these patients who report limitations in three
or more ADLs before and after CHF diagnosis.

Immediately before CHF diagnosis, 9.6% of patients report three or more limitations, rising
to 17.4% after CHF diagnosis. The onset of significant disability with CHF diagnosis is
particularly severe among black men: Before diagnosis, 7.4% of black males who will
develop CHF report three or more limitations, increasing to 20% immediately after
diagnosis. Among black females who develop CHF, the proportion reporting three or more
limitations is 20.3% before diagnosis and 30.2% afterwards. The proportion of the
population that did not develop CHF across two consecutive waves saw no significant
changes in age-adjusted disability.

Medical expenditures follow a similar pattern (Figure 3). In the 2000-2012 HRS data we
found that, prior to diagnosis, patients who will develop CHF are somewhat sicker than the
average person of the same age, with medical expenditures 25-30% higher than those of
people without CHF. After diagnosis, CHF patients have medical expenditures 50-56%
higher. The increment is especially large among black females.

Increasing prevalence of a disease such as CHF, with significant mortality, disability and
expenditure implications for the overall population and differential implications by race and
gender underscores the potential benefits from improved treatment. We explored these
benefits by simulating scenarios in which we eliminate seven diseases—CHF, cancer,
diabetes, high blood pressure, lung disease, obesity, and stroke—and compare the resulting
gains in life expectancy, QALY's and disability-free life years (DFLYSs). Affected patients
retain all the other characteristics and comorbidities of a patient with the disease in question;
they do not return to “average” health. Figure 4 presents these results: Among patients who
otherwise would have developed CHF, eliminating the disease increases average life
expectancy by 1.92 (95% CI: 1.91-1.93) years, increases the average time lived without a
disability by 0.78 (0.78-0.79) years and increases quality-adjusted life expectancy by 1.43
(1.42-1.44) years. Only eliminating cancer, lung disease and diabetes generate greater life
expectancy increases for their affected populations. Table 1 presents simulation results
including the lifetime risk of each condition, and the impact of eliminating each on the life
expectancy for the entire population, which combines the impact on the affected population
with prevalence.

If an innovation to eliminate heart failure is applied to the 4.1 million individuals aged 51-52
in 2016, it could generate nearly 2.9 million additional life years, 2.1 million QALYSs, and
1.2 million DFLYs. Depending on the value of each additional QALY, the population health
benefits of such an innovation range from $210 to $420 billion.

Figure 5 Panel A shows that eliminating heart failure increases average life expectancy
among those affected by 2.10 (95% CI: 2.06-2.14) years for black males, 1.90 (1.88-1.92)
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for white males, 2.18 (2.15-2.22) for black females, and 1.84 (1.82-1.86) for white females.
Panel B shows that eliminating CHF adds 0.86 (0.84-0.88) disability-free life years for black
males, 0.88 (0.87-0.89) for white males, 0.76 (0.74-0.78) for black females, and 0.72
(0.71-0.73) for white females. Panel C shows QALY gains: 1.52 (1.50-1.55) for black males,
vs. 1.44 (1.43-1.46) for white males, and 1.55 (1.53-1.58) for black females compared to
1.37 (1.36-1.39) for white females.

Discussion

CHF prevalence and lifetime risk

Our estimates of the future prevalence of CHF are generally higher than in other studies.
(22,23) This is in part because our estimates focus on prevalence among the older
population, while other estimates report prevalence among the entire US population.
However, our simulation also incorporates trends in the risk factors that lead to CHF, which
are themselves increasing.

For example, Heidenreich et al. project CHF prevalence increasing from 2.4% in 2012 to
3.0% in 2030.(22) Their estimates are driven by changes in the size of subpopulations—
defined by age, gender, and ethnicity—but they do not allow the prevalence within a
subpopulation to change over time. Our subpopulation-specific CHF prevalence estimates
incorporate projected trends in comorbidities and other health indicators that accompany
CHF, including obesity, hypertension, etc. Thus, increasing obesity over time will increase
the prevalence of CHF even within demographic subpopulations, leading to higher CHF
prevalence estimates than those using the Heidenreich methods.(22,23)

Our model projects a lifetime risk of CHF incidence of 35% for patients aged 51-52, similar
to other lifetime risk estimates based on large-scale population studies.(24) Our findings of
disparities between blacks and whites in the risk of CHF in the HRS data mirrors results of
previous studies. Most notably, the Atherosclerosis Risk in Communities Study found that
the lifetime risk of CHF for those aged 45-75 was higher for blacks than for whites, and
highest for black females (24% vs. 21% for black males, 19% for white males, 13% for
white females).(7)

Disability and disparities

People with CHF often have other serious medical conditions, such as arthritis (62%) or
diabetes (38%); are unable to walk two to three blocks or walk up 10 steps (57%); need help
with activities of daily living (11%); and take 6.4 prescription medications on average.(25)
Such factors may affect CHF patients’ ability to live independently, with needs ranging from
help from an informal caregiver to moving to a nursing facility.

We show (Figure 2) that disability outcomes vary by race—black patients with CHF
diagnoses are much more likely to report limitations in three or more ADLSs than their white
counterparts. Among men diagnosed with CHF, roughly the same fractions of black and
white patients report three or more ADLSs before diagnosis (7.4% vs. 7.1%), but after
diagnosis, that fraction increases by more than 170% for black males, and only 62% for
white males. Similar trends appear in the expenditure data (Figure 3).

JACC Heart Fail. Author manuscript; available in PMC 2019 May 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Van Nuys et al.

Page 7

While the correlation between CHF and disability may be the result of CHF occurring in
patients who are already very sick and disabled, our findings suggest that CHF may also
play a causal role in patients’ decline: For many, the onset of CHF can be relatively sudden,
and preceded by relatively good health, but disability may progress rapidly after diagnosis. If
so, then perhaps the appearance of significant disability could be forestalled if a diagnosis of
CHF could be delayed or eliminated. And if health disparities are driven by differential
disability outcomes by race and gender, then more effective treatments for CHF could
reduce health disparities.

Value of innovation in CHF

Until recently, there has been relatively little innovation in CHF treatment, with standard
care involving medications to treat symptoms, including angiotensin-converting enzyme
inhibitors, beta blockers, and diuretics.(11) New drugs for heart failure have recently been
approved that reduced the risk of death or hospitalization from heart failure by 20 percent in
clinical trials.(26,27) While these new treatments do not eliminate CHF, they point at the
potential for significant innovation in this disease area.

Our results demonstrate that eliminating CHF, even without changing patients’ underlying
health characteristics, would add 1.92 years to each affected patient’s life—more than
affected patients would gain by eliminating stroke, obesity, or high blood pressure.
Improvements in CHF treatment can also enhance patients’ quality of life, with elimination
adding 1.43 QALYs or 0.78 DFLYSs to the average CHF patient’s life. These also compare
favorably with innovations to eliminate high blood pressure, a condition that receives far
more public health attention than CHF.

Health disparities

Limitations

We estimate that eliminating CHF could narrow the disparity between black and white
average life expectancy. In our baseline scenario, for the subgroup that developed CHF,
white males live 5.1 years longer than black males, and white females 3.5 years longer than
black females, on average. Curing CHF reduces this gap by 0.1 and 0.3 years, respectively.

We note several limitations. First, our results are derived from simulations estimated by the
FEM, which uses simplifications of the dynamic relationships driving outcomes in the real
world, and parameterizes those relationships using estimates from the literature. If these
simplifications are incomplete, or the parameter estimates are imperfect, model results may
not correspond with actual outcomes.

Second, our “No-CHF” scenario assumes an innovation that eliminates CHF, although
medical innovation is unlikely to completely eliminate CHF in the near term. Instead, actual
innovations are more likely to reduce CHF incidence or lessen its severity, but not eliminate
it completely. This scenario does however also help answer the question: what is the social
cost of CHF in older populations?
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Third, we do not explicitly model the social determinants of health disparities, such as
greater poverty, poorer access to care, and lower health literacy among black patients with
CHF.(28) Our “No-CHF” scenario implicitly assumes that a cure for CHF is applied equally
to all CHF patients, regardless of social determinants, without modeling how that
penetration would happen. Nevertheless, understanding the social value that such a cure,
uniformly applied, would unlock helps inform what kinds of policies would be most
beneficial.

Finally, our model of the relationship between CHF and outcomes (disability, quality-of-life,
and mortality) is based on associations observed in cohorts of thousands of older Americans
followed over decades. We have not demonstrated a direct causal link.

Policy Implications

Policy programs to improve public health have often focused on interventions for high-
prevalence diseases and conditions such as diabetes, obesity, and hypertension. Cancer has
also received much policy attention, including the recent Cancer Moonshot, with the goal of
hastening cures, despite limited progress. Our work suggests that similar emphasis, focus
and investment in finding ways to eliminate CHF could have as much or more impact in
terms of adding life years, QALYs and DFLYs, and potentially reducing racial disparities
among the population.

Conclusions

Heart failure is one example of the growing disease burden older Americans bear as they live
longer but face growing risks of disability.(29) From a societal standpoint, policymakers and
other decision makers must balance competing aims to benefit all people generally and
disadvantaged groups specifically to achieve goals of both efficiency and equity. Innovations
that improve disease outcomes—not just eliminate them—can improve efficiency by
increasing benefits to society through longer, healthier, more productive lives. Some
treatment innovations also can improve equity by narrowing longstanding health disparities
among minorities and women.

Innovation in CHF deserves scientific and policy attention not simply because it can extend
lives and reduce disability and decline in older Americans but also because it could
ameliorate some racial and gender disparities in health outcomes associated with
cardiovascular disease.
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Clinical Perspectives
Competency in Medical Knowledge

CHF prevalence will increase substantially over the next two decades, affecting black
Americans more than whites. A CHF diagnosis coincides with significant increase in

disability and medical expenditures, particularly among blacks compared with whites.
Improving CHF treatment could generate significant social value, and reduce existing
racial/ethnic health disparities.

Translational Outlook

Future research to identify more effective treatment and prevention of CHF could both
improve the quality and length of life for patients with CHF, and reduce disparities
among patients affected by CHF.
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Figure 1.
Prevalence of Congestive Heart Failure Among U.S. 65-70 Year Olds

Sources: Health & Retirement Survey, and the Future Elderly Model Simulation
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Figure 2.
Age-Adjusted Percent of CHF Population Reporting Limitations in 3 or More Activities of

Daily Living, Before and After CHF Diagnosis, by Race and Gender
Source: Health & Retirement Survey 2000 to 2012 Data
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Figure 3.

Annual Per-Capita Medical Expenditures, by Race and Gender
Source: Health & Retirement Survey 2000 to 2012 Data
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Figure 4.
Average Gain in Selected Outcomes from Eliminating Seven Conditions (Among Those
Affected)

Panel A —Life Expectancy in Years

Panel B — Disability-Free Life Years

Panel C — Quality-Adjusted Life Years
Source: The Future Elderly Model Analysis
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Figure 5.
Average Gain in Selected Outcomes from Eliminating Congestive Heart Failure (Among

Those Affected), by Race and Gender
Panel A —Life Expectancy in Years

Panel B —Disability-Free Life Years

Panel C — Quality-Adjusted Life Years
Source: The Future Elderly Model Analysis
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Lifetime risk of seven diseases, and gain in population-wide life expectancy from eliminating each one (95%

confidence intervals in parentheses)

Disease/Condition for Intervention™

Lifetime Risk/Percentage of

Population Affected

LE gain for the entire

popula’cionT

LE gain for the sub-population
affected by the intervention

Cancer
CHF

Diabetes

High Blood Pressure

Lung Disease
Obesity
Stroke

39.2% (38.8 - 39.6)
36.2% (35.9 — 36.4)
57.4% (56.8 — 58.0)
89.0% (88.8 - 89.3)
27.8% (27.4 - 28.3)
42.1% (40.9 - 43.2)
37.5% (37.3-37.7)

1.09 (1.08 - 1.10)
0.70 (0.69 - 0.71)
113 (1.11- 1.15)
0.64 (0.63 - 0.65)
0.74 (0.73 - 0.75)
0.59 (0.56 — 0.61)
0.51 (0.51 - 0.52)

2.75 (2.71- 2.79)
1.92 (1.91 - 1.93)
1.96 (1.93 — 2.00)
0.72 (0.70 - 0.73)
2.63 (257 - 2.68)
1.39 (1.34 — 1.44)
1.36 (1.35 - 1.37)

*
The intervention eliminates the disease or condition

fEntire population refers to the cohort of 51-52 year old in the year 2016 Source: The Future Elderly Model Simulation
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