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Abstract
Background—The demographic shift toward an older population in the U.S. will result in a
higher burden of coronary heart disease, but the increase has not been quantified in detail. We
sought to estimate the impact of the aging U.S. population on coronary heart disease.

Methods—We used the Coronary Heart Disease Policy Model, a Markov model of the U.S.
population aged 35–84 years, and U.S. Census projections to model the age structure of the
population from 2010–2040.

Results—Assuming no substantive changes in risks factors or treatments, incident coronary heart
disease is projected to increase by approximately 26%, from 981,000 in 2010 to 1,234,000 in
2040, and prevalent coronary heart disease by 47%, from 11.7 million to 17.3 million. Mortality
will be affected strongly by the aging population; annual coronary heart disease deaths are
projected to increase by 56% over the next 30 years, from 392,000 to 610,000. Coronary heart
disease-related health care costs are projected to rise by 41% from $126.2 billion in 2010 to
$177.5 billion in 2040 in the U.S. It may be possible to offset the increase in disease burden
through achievement of Healthy People 2010/2020 objectives or interventions that substantially
reduce obesity, blood pressure, or cholesterol levels in the population.

Conclusions—Without considerable changes in risk factors or treatments, the aging of the U.S.
population will result in a sizeable increase in coronary heart disease incidence, prevalence,
mortality, and costs. Health care stakeholders need to plan for future age-related health care
demands of coronary heart disease.
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The United States (U.S.) population is aging. The combination of the elevated birth rate
during the “Baby Boom” and the increasing life expectancy will result in a doubling of the
population aged 65 years and older from year 2010 to 2040,1 with the number of persons
aged 65 and older increasing from 40 million in 2010, to 81 million in 2040.1, 2 Coronary
heart disease is strongly associated with age and is the leading cause of death in the US.3
Because coronary heart disease disproportionately affects the elderly, this demographic shift
will result in a considerable increase in burden of disease in the U.S. population. The first of
the Baby Boomers will enter the Medicare population in 2011, so up-to-date projections of
coronary heart disease burden are of special importance for public health planning.
Quantitative estimates of the magnitude and distribution of disease are essential for
appropriate preparedness strategies at both the provider and system levels, and in order to
optimally target preventive efforts.

We aimed to provide a detailed projection of the impact of the aging U.S. population on
coronary heart disease burden, based on a computer model that is representative of the U.S.
population. The Coronary Heart Disease Policy Model is a simulation model that can
account for the relationship of risk factors and changing demographics on the incidence,
prevalence, and cost of coronary heart disease.4 Since its inception, the Model has been used
to explain the decline in coronary heart disease mortality in the U.S. 5; to estimate the gains
in life expectancy achievable by various risk factor interventions 6; to assess the cost-
effectiveness of interventions to reduce cholesterol 7, 8, blood pressure9, 10, and smoking 11;
and to analyze the public health impact of improvements in medical care.12, 13 Most
recently, the Model has assessed the impact of current adolescent obesity on future rates of
adult coronary heart disease,14 public policies to reduce passive tobacco exposure on
coronary heart disease rates15, clinical guidelines for the use of statins 16, and the impact of
dietary salt reductions 17. In 1987, the Model’s projections were published through 2010.4 In
this analysis, we provide updated estimates of the impact of the aging U.S. population on the
incidence, prevalence, mortality, and cost of coronary heart disease from 2010–2040. In
addition, we estimate the extent to which achievement of national goals for risk factor
improvement could offset the age-related increase in coronary heart disease burden.

Methods
Model

The Coronary Heart Disease Policy Model is a validated state-transition (Markov) model of
the incidence, prevalence, mortality, and cost of coronary heart disease in U.S. residents
aged 35 to 84 years.4 The model is composed of three components. First, the demographic-
epidemiologic submodel estimates the incidence of coronary heart disease (cardiac arrest,
myocardial infarction, angina, or coronary heart disease death) and death from other causes,
based on age, sex, systolic blood pressure, smoking, high-density lipoprotein (HDL)
cholesterol, and low-density lipoprotein (LDL) cholesterol, diabetes, and body-mass index
(BMI). Second, the bridge submodel characterizes the initial coronary heart disease event
and related events in the subsequent 30 days. Third, the disease-history submodel predicts
the number of subsequent coronary heart disease events, revascularization procedures, and
deaths among subjects with coronary heart disease, stratified according to age, sex, and
history of coronary heart disease events. Modifiable components of the model include:
population distributions, risk-factor levels, risk-factor coefficients, event rates, case fatality
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rates, costs, and quality of life adjustments.4 A more detailed description of the Model is
given in the appendix.

Data Sources
In the present study, we used U.S. Census data and 2008 projections to estimate the
demographic shift in the age structure of the population.2 Other data sources for the Model
include the National Center for Health Statistics mortality data,18 the Framingham Heart
Study for the association of risk factors with coronary heart disease,19, 20 and Olmsted
County data for the incidence of myocardial infarction and cardiac arrest.21 The prevalence
of coronary heart disease was estimated from the National Health Interview Survey,22 and
the risk factor distributions were estimated from the National Health and Nutrition
Examination Survey.23 Data from the National Hospital Discharge Survey were used to
calculate rates of myocardial infarction, hospitalization due to cardiac arrest,
revascularization procedures, and associated case-fatalities.24 We estimated coronary heart
disease deaths, pre-hospital deaths due to cardiac arrest, and non-coronary heart disease
deaths based on data from the U.S. Vital Statistics.18 Total health care costs and 30-day
survival rates were based on data from Medicare.25 We estimated coronary heart disease
costs based on California data,26 deflated by using cost-to-charge ratios,27 and the ratio of
the U.S. national average costs to the California average.28 We then inflated to 2010 dollars
by using the Bureau of Labor Statistics Consumer Price Index for Medical Care Costs.29

Simulations
We ran the main simulation from years 2010–2040 to reflect the changing age demographics
of the U.S. population over these years. Age and sex specific risk factor distributions, event
rates, case fatality rates, and costs per event were held constant across the simulation period
in order to isolate the effect of the aging population. We estimated the absolute and relative
annual excess (defined as increase above 2010 estimates) in coronary heart disease
incidence (stable or unstable angina, myocardial infarction, cardiac arrest, and death),
prevalence, mortality, and costs across 30 years. We present the annual number of events by
ten year age categories.

We next explored how changes in risk factors and treatments might alter the projected
increase in coronary heart disease incidence. We modeled the impact of achieving adherence
to the major 2010/2020 Healthy People guidelines for risk factors in 2010, including a 10%
reduction in the prevalence of hypertension, a 40% improvement in the control of
hypertension, a 10% reduction in the prevalence of hypercholesterolemia, a 10% reduction
in the mean level of cholesterol, a 10% reduction in the prevalence of obesity, a reduction of
the prevalence of smoking to 12%, a 10% reduction in environmental exposure to smoke,
and a 10% reduction in the rate of developing incident diabetes 30. For the cholesterol
interventions, we modified LDL-cholesterol levels instead of total cholesterol in the Model.
We explored the impact of lowering LDL-cholesterol and blood pressure to levels used in
prevention guidelines.31 We also modeled the impact a linear 10% increase in BMI over 30
years, which is consistent with recently published trends32, as well as a 10% decrease in
BMI over the simulation period. Finally, we modeled the impact of a hypothetical
intervention that would reduce the in-hospital MI case-fatality rate by 25–50%, based on
improvements in the survival of patients hospitalized for MI in the past 30 years.33, 34

Results
In 2010, an estimated 156 million adults age 35–84 years will be living in the US. This
population is expected to increase by 28% to 200 million in 2040. The 65–84 year old
population is expected to increase by 89% percent over this period, due to both the aging of
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Baby Boomers as well as their longer life expectancy. The increase in coronary heart disease
will reflect this population growth: incidence, prevalence, mortality, and cost are all
expected to increase monotonically over the next 30 years.

The number of incident coronary heart disease cases is projected to increase in parallel with
the overall population growth by approximately 26% from 981,000 in 2010 to 1,234,000 in
2040 (Table 1). The number of incident cases is projected to remain fairly constant in
persons under age 65 years because of the relatively smaller population growth in this
subgroup. The largest increase in incident coronary heart disease events will be expected in
persons 65 years and older, and the number of cases in 75–84 year olds will double in the
next 30 years. Without a change in the risk factor distributions, the incidence rate is
projected to remain fairly constant, at 680 per 100,000 person years in 2010 as compared
with 710 per 100,000 person years in 2040.

The number of prevalent coronary heart disease cases is also expected to increase as a result
of the change in population demographics: the number of persons with prevalent coronary
heart disease is expected to grow by 47% from 11.7 million to 17.3 million in 2040 (Table
1). As with incidence, the greatest growth in prevalence is expected to be in adults over 65
years of age (Figure 1). Coronary heart disease mortality will be impacted most strongly by
the shift in age demographics, and coronary heart disease deaths are expected to increase by
over 50% over the next 30 years (Figure 2). The number of deaths in adults age 65–84 years
is projected to increase by two-thirds, due to the large increase in this segment of the
population. The greater increase in coronary heart disease deaths compared with incidence
or prevalence is because death disproportionately occurs at older ages; the increase in the
number of older adults will affect mortality rates more strongly than it will affect incidence
or prevalence rates.

U.S. coronary heart disease related health care costs in adults aged 35–84 are projected to
rise by 41% over the next 30 years, from $126.2 billion in 2010 to $177.5 billion in 2040,
based on year 2010 dollars. The annual cost of coronary heart disease per working-aged
adult (20–64 years) is projected to rise by 24%, from $680 in 2010 to $840 in 2040. The
proportion of costs associated with acute coronary heart disease care is projected to increase
slightly over the next 30 years compared with costs due to chronic disease follow-up, from
48% in 2010 to 50% in 2040.

Effects of Potential Changes in Risk Factors or Treatment
Immediate achievement of Healthy People 2010/2020 objectives for blood pressure, lipids,
obesity, smoking, and diabetes could offset the increase in disease attributable to the aging
population by over 70% in 2040 (Figure 3). In addition, a trend of a reduction in BMI by
10% over the next 30 years could offset the projected increase in incidence by
approximately 80%. In contrast, a trend of increase in the average BMI of U.S. adults by
10% over the next 30 years would add to the burden of coronary heart disease, and could
more than double the increase in incident cases by 2040 (Figure 3). If all Americans age 35–
84 had a systolic blood pressure no higher than 140 mmHg, the projected incidence of
coronary heart disease would be 1,130,000 new cases in 2040, or a 15% increase over 2010.
Similarly, if all Americans had an LDL-cholesterol of <130 mg/DL, the projected incidence
would be 1,151,000 in 2040, or a 17% increase over 2010. A 25–50% reduction in the in-
hospital case-fatality for both first and recurrent MI in 2040 as compared with 2010 was
projected to reduce mortality in 2040 by only 4–8%.
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Discussion
Unprecedented growth in the 65 years and older population in the U.S. is expected over the
coming decades. This growth will result in a substantial increase in coronary heart disease
incidence, prevalence, mortality, and cost. A quantitative estimate of the magnitude of this
increase is essential information for stakeholders in the U.S. health care system, including
patients, providers, training organizations, hospitals, health plans, governments, and
industry.35, 36 Despite concern over the impact of the aging Baby Boomers on health care,
few detailed quantitative estimates of the effect of the aging population on coronary heart
disease burden have been published. Our study provides estimates that will inform
researchers, providers, and policy makers as they plan to meet future age-related health care
demands.

Our findings expand upon prior research that has demonstrated strong growth in coronary
heart disease prevalence and mortality over the next several decades;37 Foot et al. estimated
a 128.5% increase in coronary heart disease mortality and a 93% increase in coronary heart
disease prevalence from 2000–2050. Our projections are slightly more conservative, and we
provide detailed epidemiologic estimates that account for the distribution of age, gender, and
risk factors in the U.S. population. As noted by prior studies, the aging population will
impact the need for more focused efforts on primary, secondary, and tertiary prevention, as
optimal treatment can lead to longer and higher quality of life in coronary heart disease
patients. However, these preventive efforts will also increase the need for providers and
services. The increased burden of disease will require more resources in hospitals,
physicians, medical groups, training institutions, and public health departments.37

Physicians and non-physician clinicians are already in short supply. For example, the
Council on Graduate Medical Education (COGME) has determined that the demand for
physicians is expected to grow more than the supply over the next 10 years.35, 38 Although
some of this burden will require more specialty providers to conduct procedure-based
treatments, the majority of the burden is likely to fall on primary care physicians and
geriatricians who manage the chronic care of patients living with coronary heart disease.

Risk factors and medical advances to prevent and treat coronary heart disease will certainly
change in the next 30 years, and these changes are difficult to predict. Primary prevention
gains would need to be substantial to offset the impact of the aging population. The
achievement of optimistic, but feasible, improvements in risk factor control, consistent with
Healthy People 2010/2020 objectives, could offset over 70% of the increase in coronary
heart disease incidence due to the aging of the population. However, achievement of these
goals would require these improvements across multiple domains, including a reversal of the
trend of weight gain and increasing diabetes in the U.S. If the trend of increasing BMI
continues at the same rate observed over the past few decades, the growing burden of
coronary heart disease would be even worse. A prior study based on the Model
demonstrated a substantial impact of current adolescent obesity on the future burden of
coronary heart disease; Bibbins-Domingo et al. estimated an excess of at least 100,000 cases
of coronary heart disease in 2035. 14 Conversely, improvements in BMI could offset the
increase in coronary heart disease; a 10% reduction in BMI over the next 30 years would
offset approximately 80% of the impact of the aging population, because of its beneficial
effects on blood pressure, cholesterol, and diabetes. These simulations suggest that public
health interventions to lower BMI through improved diet and physical activity should be a
high priority. By comparison, a 25–50% reduction in in-hospital MI case fatality would have
only a modest effect on coronary heart disease largely because the current survival rate is
approximately 90% for a hospitalized first MI24. Taken together, these analyses suggest that
substantial improvements from risk factor profiles would be necessary to offset the projected
increase in coronary heart disease.

Odden et al. Page 5

Am J Med. Author manuscript; available in PMC 2012 September 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



This increased burden of disease will likely tax the already struggling U.S. health care
system. Medical expenditures have increased at a high rate for many years, and the future
impact of population aging on health care costs is frequently cited as a source of concern in
the literature and media.36, 39, 40 Our cost projections due to coronary heart disease events
are similar to those reported by Martini et al.,36 who estimated a 44% increase in health care
costs due to heart and vascular conditions from 2000–2050. Notably, heart and vascular
conditions account for more medical care costs than any other category of disease.36

Population growth amongst working adults could help to offset these costs slightly, through
increased tax revenue and other financial contributions. Although, the coronary heart disease
costs per working adult aged 20–64 are projected to increase by 24% over the next 30 years.
Economic growth will only augment the increase in health care costs; prior studies have
demonstrated that economic expansion determines the ceiling for health care expenditures,
and demand for services will continue to grow as patients desire and expect longer and
healthier lives.35

The Model is tested and updated regularly to reflect changes in risk factor distributions,
population estimates, risk factor associations, event rates, case-fatality rates, and costs,
although these statistics are only estimates of what may occur in the future. Projections from
any forecasting model should be viewed with caution, as there will always be unpredicted
changes that can impact results. The prior projections from the Coronary Heart Disease
Policy Model published in 1987 underestimated the prevalence of future coronary heart
disease but overestimated incidence and mortality4, although the majority of the variation
can be explained by a change in disease definition and by reductions in risk factors and
advances in treatment (See appendix).

Our projections have limitations that should be considered when interpreting the findings.
These estimates do not account for changes in the racial/ethnic structure of the population;
though this could impact our estimates, the relationship between age and risk of coronary
heart disease events does not likely differ greatly across racial/ethnic groups.. The timing
and sustainability of the risk factor changes that were modeled were optimistic and could
vary substantially in practice. Furthermore, there will likely be unexpected changes in risk
factor profiles and health care technology that could affect our results. Improved therapies to
treat coronary heart disease may decrease secondary events and mortality, but also increase
the cost and prevalence of coronary heart disease. Finally, the model does not include
incident events for adults over 85 years of age, who represent a growing proportion of the
population of adults with coronary heart disease.

In conclusion, the demographic shift towards an increased number of older adults in the U.S.
will have a substantial impact on coronary heart disease burden over the next 30 years.
Stakeholders in the U.S. health care system should prepare for this growth by ensuring there
are adequate resources to care for the high number of adults expected to be living with
coronary heart disease as optimal treatment can lead to longer and higher quality of life in
coronary heart disease patients. Future improvements in primary and secondary prevention
may attenuate this burden of disease, although substantial changes would be necessary to
offset the effect of the aging population.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
The absolute coronary heart disease prevalence by decade of age, from 2010 – 2040
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Figure 2.
The absolute number of coronary heart disease deaths by decade of age, from 2010 – 2040.
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Figure 3.
The projected impact of changes in coronary heart disease risk factors on coronary heart
disease incidence, from 2010–2040. Adherence to Healthy People 2010/2020 objectives
include immediate improvements in blood pressure, LDL-cholesterol, obesity, smoking, and
diabetes. BMI increase and decrease refers to a +/− 10% trend from 2010–2040.
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