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BACKGROUND: Quantifying the economic burden of cardiovascular disease and stroke over the coming decades may inform
policy, health system, and community-level interventions for prevention and treatment.

METHODS: We used nationally representative health, economic, and demographic data to project health care costs attributable
to key cardiovascular risk factors (hypertension, diabetes, hypercholesterolemia) and conditions (coronary heart disease,
stroke, heart failure, atrial fibrillation) through 2050. The human capital approach was used to estimate productivity losses
from morbidity and premature mortality due to cardiovascular conditions.

RESULTS: One in 3 US adults received care for a cardiovascular risk factor or condition in 2020. Annual inflation-adjusted
(2022 US dollars) health care costs of cardiovascular risk factors are projected to triple between 2020 and 2050, from
$400 billion to $1344 billion. For cardiovascular conditions, annual health care costs are projected to almost quadruple,
from $393 billion to $1490 billion, and productivity losses are projected to increase by 54%, from $234 billion to $361
billion. Stroke is projected to account for the largest absolute increase in costs. Large relative increases among the Asian
American population (497%) and Hispanic American population (489%) reflect the projected increases in the size of these
populations.

CONCLUSIONS: The economic burden of cardiovascular risk factors and overt cardiovascular disease in the United States is
projected to increase substantially in the coming decades. Development and deployment of cost-effective programs and
policies to promote cardiovascular health are urgently needed to rein in costs and to equitably enhance population health.
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in 2022, a 62% increase from the $2.6 trillion
spent a decade earlier.' Health care spending now
accounts for 17% of the nation's gross domestic prod-
uct.! Furthermore, per-capita health care spending in the

The United States spent $4.2 trillion on health care

United States in 2022 was >2.5 times greater than that in
other developed countries ($12555 in the United States
compared with a mean of $4782 in other countries in
the Organization for Economic Cooperation and Devel-
opment).! Cardiovascular disease and stroke (CVDS) are
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leading causes of morbidity and mortality in the United
States and an important driver of US health care costs,
accounting for $251 billion in health care spending in
201922 In addition to its direct costs, that is, the cost of
health care related to CVDS, patients and society also
face indirect costs such as lost economic productivity due
to morbidity and premature mortality, which amounted to
$166 billion in 2019. These productivity losses can be
particularly high in young people: Among people <65
years of age, productivity losses attributable to CVDS
exceed CVDS-related health care-related spending.?

Three epidemiological and demographic trends are
likely to drive a continued increase in spending related to
CVDS in the coming decades. First, concerning trends in
the prevalence of key cardiovascular risk factors, particu-
larly obesity, diabetes, and uncontrolled blood pressure,
will put more individuals at risk of acute events, including
at younger ages.® Second, the population is aging, with
more older adults living with cardiovascular risk factors
or established CVDS. Third, demographic trends project
marked increases in the number of individuals from his-
torically disenfranchised or excluded populations, some of
whom have a higher burden of cardiovascular risk factors
and established CVDS. Collectively, these factors are pro-
jected to produce large increases in the burden of CVDS
in the US population over the coming decades.* Coupled
with an ongoing increase in prices of health care, these
trends are likely to boost the total societal cost of CVDS.

Well-informed projections of the economic burden of
CVDS are a critical first step in developing policy toward
prevention and treatment over the coming decades.
Understanding the contribution of individual risk factors
or conditions to health care costs can help guide the
choice of strategies for primary or secondary prevention,
and estimating how the burden will be distributed among
key subgroups (eg, by sex, age group, race, ethnicity, or
insurance status) may inform strategic targeting of pre-
vention or other interventions to higher-risk groups.

In this presidential advisory, we project the real (ie,
inflation-adjusted) health care and societal costs of key
cardiovascular risk factors and conditions in US adults
through 2050. This analysis updates prior statements
by the American Heart Association (AHA) projecting
the health and economic burden of CVDS in the United
States, with an expanded scope that includes consider-
ation of a broader range of risk factors and a more com-
prehensive characterization of inequities by demographic
and socioeconomic factors.®®

METHODS

Overview

Our overall approach to projecting future cardiovascular
costs was as follows. First, we estimated baseline health
care costs (direct costs) for individuals who sought care
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for a specific cardiovascular risk factor or overt CVDS con-
dition by age group and sex using nationally representative
survey data. For each CVDS condition of interest, we also
calculated productivity losses (indirect costs) attributable
to morbidity—time taken off work to seek care or inability
to work due to disability—and premature mortality. Second,
we projected these costs through 2050, assuming annual
inflation-adjusted increases of 1.91% for health care costs
and of 0.8% for productivity costs using assumptions from
the Congressional Budget Office.? Third, we projected the
number of individuals in each age, sex, and race and eth-
nicity category seeking care for cardiovascular risk fac-
tors and conditions between 2020 and 2050. We used
an approach that accounted for demographic changes of
the US population (eg, aging and changes in the racial or
ethnic composition) and recent risk factor and condition-
specific trends in age- and sex-standardized prevalence.*
For this analysis, baseline prevalence was estimated
from data for 2015 to 2019, and model projections were
made for 2020 to 2050 from historical trends from 2009
to 2019. Fourth, we multiplied estimated age- and sex-
specific costs for each risk factor or CVDS condition by the
number of individuals seeking care for the corresponding
cardiovascular risk factor or CVDS condition in each age,
sex, and racial and ethnic category to estimate the incre-
mental cost of living with a specific risk factor or a CVDS
condition. Fifth, we aggregated these costs across the US
population (separately for cardiovascular risk factors and
CVDS conditions) for each year from 2020 through 2050.
All costs were estimated in 2022 US dollars.”™ Uncertainty
intervals around the cost estimates were estimated with
a bootstrapping approach with 1000 iterations. The 5th
and 956th percentiles of the bootstrapped results defined
the 90% uncertainty interval for the results. Supplemental
Material, Section 1.E provides additional details.

Projections of Prevalence

US Census data were used to estimate the number of
adults 220 years of age by age, sex, race, and Hispanic
ethnicity for each year through 2050° To this denomi-
nator of at-risk individuals, we applied survey estimates
described later to project the number of individuals seek-
ing care for the cardiovascular risk factor or condition. We
did not model the costs of CVDS in children because of
small sample sizes in survey and cost data and because
cross-sectional data do not adequately capture the costs
of children’s cardiovascular risk factors or CVDS conditions
because these costs do not fully manifest until adulthood.

Cardiovascular Risk Factors and Conditions

We quantified the incremental cost of living with 3 major
cardiovascular risk factors: hypertension, diabetes, and
hypercholesterolemia. We also quantified the costs
associated with the following CVDS conditions: coro-
nary heart disease, heart failure, stroke, atrial fibrillation,
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and other cardiovascular disease (including rheumatic
heart disease, pulmonary heart disease and diseases
of pulmonary circulation, pericardial diseases, myocar-
ditis, valvular heart disease, arrhythmias, diseases of
arteries, veins, and lymphatics, peripheral artery disease,
and other or unspecified cardiovascular disease). Next,
we calculated aggregated costs associated with the
above CVDS conditions. Definitions of the cardiovas-
cular risk factors and CVDS conditions are provided in
Supplemental Tables 1 and 2.

Outcomes

Our key outcome was the inflation-adjusted cost attribut-
able to each selected cardiovascular risk factor or CVDS
condition in 2022 US dollars from 2020 through 2050. The
attributable cost included health care costs and, in the case
of CVDS conditions, productivity losses from premature
morbidity and mortality. We computed the relative change in
costs from 2020 to 2050 and the proportion of this change
that was explained by a change in per-person cost (com-
pared with change in population size and composition).

Health Care Costs (Direct Costs)

Health care costs were estimated from 2015 through
2019 cycles of the MEPS (Medical Expenditure Panel
Survey), a nationally representative survey of the civil-
ian noninstitutionalized population administered by the
Agency for Healthcare Research and Quality."® MEPS
provides data on participants’ use of health care ser-
vices and their corresponding costs, obtained through
a combination of self-report and validation from pay-
ers (eg, private insurers). The costs captured by MEPS
include total annual health care spending, including
payments by insurers and out-of-pocket costs borne
by patients (copayments, deductibles, and payments for
noncovered services). Medical conditions are identified
in MEPS Medical Condition files based on self-reports
of conditions leading to health care visits or treatment
within the interview year. Cardiovascular risk factors and
CVDS conditions included in this analysis were defined
with International Classification of Diseases, 9th and 10th
Revisions, Clinical Modifications codes or questions from
the Self-Administered Questionnaire (Table). Health care
costs attributable to a risk factor or CVDS condition were
calculated as the difference between the predicted health
care costs for a person with that risk factor or CVDS con-
dition and the predicted health care costs for a person
without that risk factor or CVDS condition.®* We avoided
double counting of health care costs for individuals with
multiple conditions by using a previously developed
method to estimate expenditure shares, as described in
the Supplemental Material, Section 1.B."" Although our
model included the race and ethnicity—specific burden
of cardiovascular risk factors and CVDS conditions, our
per-person cost estimates were not stratified by race or
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ethnicity because barriers to accessing care can falsely
decrease costs among groups who have historically been
disenfranchised or excluded from care and thus give the
false impression that CVDS cost less in these groups.
All cost estimates were inflated to 2022 dollars with
the use of data on the health component of Personal
Consumer Expenditures.”® We assumed that the costs of
cardiovascular risk factors and CVDS conditions would
increase at the same rate as overall health care expendi-
tures between 2020 and 2050, which the Congressional
Budget Office projects will grow at an average annual
rate of 1.91%, but we varied this in sensitivity analyses.®

Baseline Health Care Use and Projections

We estimated baseline health care use for cardiovascular
risk factors and CVDS conditions of interest using the
2015 to 2019 cycles of the MEPS data. In MEPS, condi-
tions are identified if a respondent had health care visits
or received care for the condition during the interview
year, thus estimating the proportion of individuals who
seek and use health care for a given condition in a given
year. This approach allowed us to attribute health care
costs only to individuals who received treatment within
a given year. Our projections of health care use incorpo-
rated an age- and sex-specific annual rate of change in
the prevalence of the risk factor or condition, estimated
from historical data (Supplemental Material, Section 1.B).

Productivity Losses Due to Morbidity and
Premature Mortality (Indirect Costs)

Among adults 20 to 79 years of age, we estimated 2
types of indirect costs associated with CVDS conditions:
lost productivity from morbidity and lost productivity
from premature mortality. Morbidity costs represent the

Table. Annual Per-Capita Health Care Costs of
Cardiovascular Risk Factors and Established
Cardiovascular Disease

MeanxSD per-capita cost,
2022 US$
Cardiovascular risk factors
Hypertension 2500+280
Diabetes 73001330
Hypercholesterolemia 1200+250
CVDS condition
Coronary heart disease 13000+730
Stroke 3500014900
Heart failure 18000+1800
Atrial fibrillation 130001700
Other cardiovascular disease 10000+690

The table shows the annual health care cost (direct cost) attributable to key
cardiovascular risk factors or CVDS among individuals who received health care
for a given condition. All costs are inflated to 2022 US dollars and rounded to 2
significant figures.

CVDS indicates cardiovascular disease and stroke.
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value of foregone earnings from lost productivity due
to illness, including missed workdays (ie, absenteeism),
among currently employed individuals and inability to
work among individuals who are unemployed due to
ill health or disability."” Mortality costs represent the
value of foregone earnings and household productiv-
ity losses from premature mortality. We estimated mor-
tality costs using the human capital approach, which
values premature death from a disease as future fore-
gone productivity."”"'* Given the focus on lost earn-
ings, we did not estimate these costs for adults >80
years of age because formal workforce participation
in this age group is low, resulting in small sample sizes
in available data.'® Supplemental Material, Section 1.C
provides additional details. For future projections, we
assumed that the real value of indirect costs will grow
at the same rate as the Congressional Budget Office’s
estimate for average annual growth rate of real earn-
ings (0.8% through 2050), but we varied this input in
sensitivity analyses.®

Subgroup Analyses
We examined costs stratified by the following groups:
sex (women, men); age group (20-44, 45-64, 65-79,
and >80 vyears); race and ethnicity (Hispanic, non-
Hispanic Black, non-Hispanic White, non-Hispanic
Asian [including Native Hawaiian or Other Pacific
Islander], and other races [American Indian or Alaska
Native or multiple races, aggregated for this analy-
sis because of the small sample sizes]); educational
attainment (less than high school, high school or
General Educational Development, some college
or associate’s degree, bachelor's degree or higher);
income (defined by the ratio of family income to the
federal poverty line as very low [<1.25], low [1.25-<2],
middle [2-<4], and high [>4]); and insurance cover-
age (Medicare, Medicaid, commercial and other insur-
ance, and no insurance). Patients who had >1 form
of insurance were allocated to 1 stratum on the basis
of a predefined algorithm (eg, individuals enrolled in
Medicare and Medicaid were assigned to the Medicare
stratum because Medicare is the primary payer for
the majority of services for these beneficiaries).'®
Supplemental Material, Section 1.D details the defini-
tions of the planned subgroups.

Analyses were conducted by RTl International under
a contract from the AHA. Funding for the analyses
was provided by the AHA, and the AHA convened a
Steering Committee and Writing Group from among
experienced volunteers with diverse expertise in car-
diovascular and stroke epidemiology and predictive
modeling. The study did not undergo an Institutional
Review Board review because it did not constitute
human subjects research. We conducted our statistical
analysis using Stata version 17."7
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RESULTS

Approximately 35% of US adults 220 years of age re-
ceived care for a cardiovascular risk factor or condition
in 2020.

Economic Burden of Cardiovascular Risk
Factors

The Table and Supplemental Table 3 report the per-person
health care cost for each of several cardiovascular risk
factors in 2020. In 2020, a US adult receiving care for
hypertension generated a meanSD of $2500£280 in
additional health care costs compared with an individual
of the same age, sex, and risk factor burden but without
hypertension. Similarly, receiving care for diabetes was
associated with a $7300£330 increase in costs per per-
son per year, and receiving care for hypercholesterolemia
was associated with a $1200£250 increase in costs per
person per year.

Across the entire US adult population, the health
care cost attributable to hypertension is projected to
increase from $160 billion in 2020 to $513 billion in
2050 (a 220% increase; Figure 1 and Supplemental
Table 4). The population-level health care cost attrib-
utable to diabetes is projected to increase from $186
billion to $765 billion in 2050 (a 311% increase). In
contrast, the projected health care cost attributable to
hypercholesterolemia is projected to increase by only
292% between 2020 and 2050, from $54 billion to $66
billion. Collectively, the annual inflation-adjusted (2022
US dollars) health care costs of these 3 cardiovascular
risk factors are projected to nearly triple between 2020
and 2050, from $400 billion to $1344 billion. Increas-
ing per-person costs explain *25% of the increase
in health care costs for hypertension and 35% of the
increase in health care costs for diabetes; the remain-
der is due to the changes in population size and com-
position.

Economic Burden of Cardiovascular Conditions

In 2020, a US adult receiving care for coronary heart
disease generated a meanzSD of $13000+730
in additional health care costs compared with an
individual of the same age, sex, and comorbidity bur-
den but without coronary heart disease. The analo-
gous estimates were $35000£4900 for stroke and
$18000+£1800 for heart failure (Table and Supple-
mental Table 3).

After productivity losses from morbidity and prema-
ture mortality and aggregated all costs (direct and indi-
rect) across the entire US population are accounted
for, total cost of all CVDS conditions combined is pro-
jected to almost triple over the study period, from $627
billion in 2020 to $1851 billion in 2050 (Figure 2
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Figure 1. Population-level economic burden of key cardiovascular risk factors in US adults, 2020 to 2050.
Our study projects a marked increase in health care costs attributable to hypertension, diabetes, and hypercholesterolemia over the coming

decades.

and Supplemental Table b). As a proportion of the US
gross domestic product, this represents an increase
from 2.7% in 2020 to 4.6% in 2050.5'® This increase
is driven primarily by a projected near quadrupling of
health care costs, which are expected to increase from
$393 billion in 2020 to $1490 billion in 2050. Approxi-
mately 27% of the increase in health care costs is due
to an increase in per-person costs; the remainder is
accounted for by demographic changes (ie, increase in
population size, aging, change in sex and race and eth-
nicity compositions). In contrast, there will be smaller
interval changes in productivity losses due to morbid-
ity and premature mortality over the same period, from
$234 billion to $361 billion (a 54% increase). This
includes a 197% increase in productivity losses attrib-
utable to morbidity (from $17 billion in 2020 to $49 bil-
lion in 2050) and a 43% increase in productivity losses
attributable to premature mortality (from $217 billion
in 2020 to $312 billion in 2050). Because health care
costs are projected to rise much faster than productivity
losses, health care costs will constitute a larger propor-
tion of total cost of CVDS in the future, from 63% of
total cost in 2020 to 80% of total cost in 2050.

This interval change in total cost varies by CVDS
condition (Figure 3), from a 1249% increase in total cost
for coronary heart disease (from $260 billion in 2020
to $584 billion in 2050) to a 535% increase for stroke
(from $67 billion in 2020 to $423 billion in 2050). Of
note, stroke is also projected to have the largest absolute
increase in total cost over the study period ($357 billion
compared with $323 billion for coronary heart disease
and $96 billion for heart failure).

Circulation. 2024;150:¢89-e101. DOI: 10.1161/CIR.0000000000001258

Economic Burden of Cardiovascular Conditions,
by Subgroup

Projected patterns differ somewhat among key subgroups
(Figure 4 and Supplemental Table 6). For example, al-
though health care costs are projected to increase in all
age groups, the greatest increases are seen in the young-
est and oldest US adults. Among those 20 to 44 years of
age, total cost related to CVDS is estimated at $53 bil-
lion in 2020 and $190 billion in 2050, a 261% increase.
Among individuals >80 years of age, total cost is estimat-
ed at $127 billion in 2020 and $599 billion in 2050, a
371% increase, reflecting the overall aging of the popula-
tion. Similarly, although women are projected to have lower
spending than men in both 2020 and 2050, the increase
in costs over this time frame is greater in women than men
(224% increase compared with 173% increase).
Patterns differ by race and ethnicity, as well as insur-
ance, education, and income (Figure 4). Although CVDS-
related costs will increase in all racial or ethnic subgroups,
spending for the Asian non-Hispanic population is pro-
jected to increase by 497% (from $17 billion in 2020
to $103 billion in 2050) and for the Hispanic population
by 489% (from $52 billion in 2020 to $308 billion in
2050). By insurance category, the group with the high-
est spending by far is individuals insured by Medicare,
at $384 billion in 2020 and $1205 billion in 2050, a
214% increase. By education, the highest spending and
highest growth in spending are seen in the most highly
educated category, likely reflecting differential access
to care. By income, the highest spending is seen in the
highest-income category, and projected growth from
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Figure 2. Population-level economic burden of cardiovascular disease and stroke in US adults, 2020 to 2050.

Our study projects that the total cost of cardiovascular disease and stroke among US adults will aimost triple over the coming decades, from
$627 billion in 2020 to $1851 billion in 2050. This increase is driven by a near quadrupling of health care costs (orange), with smaller increases
in productivity losses due to premature mortality (gray) and productivity losses from premature morbidity (yellow). CVDS indicates cardiovascular

disease and stroke.

2020 through 2050 ranged from 187% in the high-
income group to 210% in the low-income group.

Additional results, including subgroup analyses and
deterministic sensitivity analyses varying key economic
parameters, are reported in the Supplemental Material
(Supplemental Table 7).

DISCUSSION

On the basis of US Census projections and the forecasted
prevalence of cardiovascular risk factors and conditions
through 2050, we project that inflation-adjusted total cost
related to cardiovascular risk factors will nearly triple and
total cost related to CVDS conditions will almost quadruple
between 2020 and 2050. This result is driven primarily by
large increases in health care spending for coronary heart
disease, stroke, atrial fibrillation, and heart failure due to
the expected growth in the burden of these CVDS condi-
tions resulting from an aging population.

Implications for Cardiovascular Prevention

Our projections can be interpreted as both a threat and an
opportunity. If no new actions or policies are developed to
address these at the health system level, CVDS will con-
tribute to substantial growth in US health care spending
over the next 30 years and continue to crowd out other
important areas of spending for individuals, families, and
the government. On the other hand, reducing health care
use by making timely investments in primary and second-
ary prevention and lowering the prices of cardiovascular
care by adopting cost-control strategies may meaningfully
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bend the curve on societal costs related to CVDS. By clari-
fying how the health care needs of the country will change
over the next 20 to 30 years, a timeline long enough that
serious policy changes can be crafted to alter long-term
economic and health outcomes, our projections provide
insights into where and how future policy interventions
could be strategically targeted to lower health care costs.

Prevention is an important component of any effort to
improve population health and ultimately to reduce spend-
ing. A rich base of clinical and epidemiological evidence
supports the effectiveness of preventive interventions for
CVDS, ranging from primordial prevention (eg, increasing
access to healthy diets and safe environments for physical
activity), primary prevention (eg, improving rates of diag-
nosis and control of key cardiovascular risk factors), and
secondary prevention (eg, adoption of effective strategies
for preventing recurrent CVDS events)."®2* It should be
noted that although some prevention efforts are cost sav-
ing (eg, generic statins in high-risk primary or secondary
prevention of atherosclerotic cardiovascular disease)?®
many prevention strategies will increase total spending
while also generating improved health. Careful attention
to the economics of cardiovascular prevention can help
identify interventions that are cost saving or cost-effective
and therefore represent good economic value from a soci-
etal perspective.

Implications for Precision Population Health

It is also crucial to recognize that for these interventions
to have the greatest impact on population health, they
must reach populations most likely to benefit from them.

Circulation. 2024;150:¢89-e101. DOI: 10.1161/CIR.0000000000001258


https://www.ahajournals.org/journal/doi/suppl/10.1161/CIR.0000000000001258
https://www.ahajournals.org/journal/doi/suppl/10.1161/CIR.0000000000001258

G20z ‘2z aunt uo Ag Bio'sjeunofeye//:dny wo.j papeoumod

Kazi et al

Forecasting Economic Burden of Cardiovascular Disease and Stroke

Figure 3. Population-level economic burden of cardiovascular disease and stroke in US adults, by condition, 2020 to 2050.
Total cost will increase for all cardiovascular disease and stroke conditions included in the study, ranging from a 124% increase in health care
costs for coronary heart disease (from $260 billion in 2020 to $584 billion in 2050) to a 535% increase for stroke (from $67 billion in 2020 to
$423 billion in 2050). Stroke is projected to have the largest absolute increase in total cost over the study period ($356 billion, compared with
$323 billion for coronary heart disease and $96 billion for heart failure). CVD indicates cardiovascular disease.

Given the particularly large projected increase in costs
related to CVDS among some racial and ethnic groups,
there is an urgent need to develop, evaluate, and imple-
ment prevention approaches tailored to the needs of spe-
cific populations. These approaches will likely need to
include structural interventions that target the food and
built environment to improve nutrition, reduce obesity, en-
courage healthy lifestyles, and reduce exposure to envi-
ronmental pollutants because individual-level approaches
are unlikely to be sufficient. At the same time, enhancing
access to and affordability of high-quality health care, in-
cluding primary, secondary, and tertiary prevention, will be
key to increasing healthy life expectancy while reducing
the risk of catastrophic, high-cost complications such as
myocardial infarction or stroke.

Implications for Health Care Prices

These findings have implications for identifying the op-
timal approaches to combatting rising health care costs
in this country more broadly. The classic economic per-
spective on this is that increasing spending on health
care requires a proportionate reduction in spending on
other societal priorities. At the government level, the
need to pay progressively more each year for Medicare
and Medicaid could force the government to choose be-
tween raising taxes and borrowing more money. At an
individual or household level, rising health care costs are
accompanied by rising costs of health insurance and out-
of-pocket spending. This has the net effect of reducing
the money available to support other household priorities

Circulation. 2024;150:¢89-e101. DOI: 10.1161/CIR.0000000000001258

if income does not rise at an equal or faster rate com-
pared with health care costs, as has historically been the
case in the Unites States.??” The uniquely high level
of spending on health care in the Unites States is due
predominantly to the higher price of health care labor
and goods and higher administrative costs in the Unites
States compared with other countries. For example, in
2022, US prices of brand-name drugs were more than 3
times higher than prices in 33 comparator countries, and
the gap has widened over time.?® The price of health care
services such as hospitalizations and physician services
is also higher in the Unites States than in other high-
income countries, related to the higher complexity of US
health care organizations with high overhead costs and
higher salaries for administrative and clinical employees.
In contrast, differences in patterns of use of health care
goods and services contribute only slightly to the higher
health care spending in the Unites States. Thus, reining
in the prices of health care goods and services will be
key to controlling the growth in US health care costs. For
instance, the Inflation Reduction Act contains several key
price controls for brand-name pharmaceuticals, including
mandatory price negotiation for high-cost medications (7
of the first 10 drugs chosen for drug price negotiation
treat cardiovascular risk factors or conditions) and the in-
flation rebate, which requires manufacturers to pay Medi-
care back for any list-price increases above inflation.2°3°
Whether these price controls will have spillover effects
for patients on other forms of insurance remains to be
seen. Last, any efforts to reduce total cost should also
pay attention to patient out-of-pocket costs; lowering
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Figure 4. Population-level economic burden of cardiovascular disease and stroke in key subgroups, 2020 vs 2050.

Total cost of cardiovascular disease and stroke, including health care costs and productivity losses due to morbidity and premature mortality,

will increase between 2020 and 2050 for all key subgroups. Particularly large increases are projected for young adults (20-44 years of age)

and adults >80 years of age, and costs will rise faster among women than among men. The large relative increases in costs for the Hispanic
population and Asian non-Hispanic population reflect the large projected increase in these populations over the coming decades, and the increase
in costs among White individuals and Black individuals largely reflects population aging. The aging population will also drive the large increase in
costs among individuals covered by Medicare. Last, cardiovascular disease and stroke costs are projected to rise across all strata of educational
attainment and income. See Methods for additional details on how the strata were defined. AI/AN indicates American Indian/Alaska Native; CVD,
cardiovascular disease; and GED, General Educational Development.

these costs may improve uptake of and adherence to  tions studied, stroke will account for the largest increase
primary and secondary prevention strategies.®' in costs over the coming decades (an interval increase of
$357 billion, which represents a 535% increase in costs

] from a baseline of $67 billion in 2020). This is due to the
Insights From Subgroup Analyses aging of the population (strokes tend to occur on aver-
Our condition-specific projections and subgroup results ~ age 10 years later than coronary events) and increases
yielded additional key insights. Among the CVDS condi- in hypertension, which is a major risk factor for stroke.
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To the degree that condition-specific interventions and
public information campaigns are needed in addition to
interventions that target the underlying risk factors com-
mon across the cardiovascular system, stroke will be a
crucial area of focus going forward.

In terms of population subgroups, both young adults
and the oldest adults were projected to have large
increases in CVDS-related costs. The reasons for this
differ to some degree; in young adults, the increase in
costs reflects the increase in cardiovascular risk factors
in this age group, demographic projections of higher pro-
portions of racial and ethnic populations at higher risk
of cardiovascular disease, and the large losses from
decreased work productivity and premature mortality. In
older adults, the increases in cost reflect the overall aging
of the population as the baby boomers move into and
through this age bracket. Clinical and policy interventions
are urgently needed in response to these demographic
changes. Among young adults, a heavy focus on reducing
the burden of risk factors, particularly among individuals
who identify as belonging to historically underresourced
populations, will be crucial. Among older adults, sizable
investments will be needed in caregiving and support
services to ensure that living with cardiovascular disease
is managed with maximal quality and dignity.

Although the largest absolute increase in CVDS-
related costs will be among White American individuals,
reflecting the larger population size and an aging popula-
tion, large relative increases in CVDS-related costs among
the Asian American population and Hispanic American
population reflect the projected increase in the size of
these populations over the coming decades. Asian Ameri-
can people are among the fastest growing racial or eth-
nic group in the United States, and many Asian American
subpopulations such as Filipinos and individuals of South
Asian ancestry have a higher-than-average risk of car-
diometabolic conditions such as diabetes and premature
coronary disease.® Similarly, in the Hispanic ethnic group,
there are subpopulations with higher and lower risk of
cardiometabolic disease; disaggregating these subpopu-
lations could be crucial for identifying opportunities to
reduce the burden of disease and associated spending.®®
Among the non-Hispanic Black American population, the
209% increase in CVDS-related costs over the 30-year
study period reflects a slower rate of increase in popula-
tion growth compared with other racial and ethnic groups,
despite a high burden of CVDS at a per-capita level 3

Not surprisingly, we found that the projected burden of
spending for CVDS was greatest for Medicare, although
the growth in spending for other payer types was pro-
jected to also be high. Because of its near-universal cov-
erage of individuals >65 years of age, as well as younger
adults with end-stage kidney disease or disability, Medi-
care serves as the primary payer for a majority of the
treatments for CVDS in the United States. Although there
are several ongoing efforts to make individual treatments
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less expensive such as negotiating drug prices for brand-
name drugs, advancing access to generic drugs, and
performing procedures at less costly locations, efforts
at preventing or delaying the onset of CVDS could also
have major cost implications for Medicare. Payers cover-
ing young adults may not have a strong financial incentive
to provide preventive services, but this is an area where
public policy can contribute. One example is the require-
ment in the Affordable Care Act that commercial plans
cover all preventive services that receive a United States
Preventive Services Task Force grade of A or B without
cost sharing.® Last, the growth in spending among pri-
vately insured, Medicaid-insured, and uninsured individu-
als also raises issues of affordability of care among these
groups. Although we were not able to directly measure
the financial burden of CVDS on individuals, the growth
of high-deductible health plans and the persistence of
uninsurance and underinsurance®3” suggest that indi-
vidual financial stress will remain an important problem in
the United States without additional action.®

Although we saw high and rising costs across all levels
of income and education, the largest projected increases
are among individuals in the highest educational attain-
ment and the highest-income categories, likely because
of greater access to care in these populations as reflected
in the MEPS data. In that sense, these findings raise the
possibility that cost growth in the coming decades may
widen inequities in access and outcomes. High costs of
care may serve as a driver of health disparities by reduc-
ing access among high-risk populations, and premature
CVDS could be an important driver of intergenerational
economic losses. Addressing the health care needs of
people in the United States across the economic spec-
trum will be necessary to ensure that the next 3 decades
see a closing rather than widening in the observed gaps
in the incidence and outcomes of CVDS.

Strengths and Limitations

Key strengths of the study include modeling based on
nationally representative data, examining costs attribut-
able to risk factors as well as overt CVDS conditions,
incorporating health care costs and productivity losses
from morbidity and premature mortality, and accounting
for shifting demographics over time. A key feature of this
analysis is the incorporation of an annual rate of growth
or decline in a risk factor or condition based on historical
trends observed over the past decade (eg, an increasing
age-, sex-, and race and ethnicity—specific prevalence of
obesity and diabetes or a declining prevalence of tobac-
co use in adults). We believe that this is a substantial ad-
vance over prior analyses that assumed that age-, sex-,
and race and ethnicity—specific prevalence would remain
unchanged over the follow-up period.33°

The study also has important limitations. Among the
cardiovascular risk factors identified by the AHA's key
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health markers for primordial prevention, Life's Essen-
tial 8" we quantified the incremental cost of living with
hypertension, diabetes, and hypercholesterolemia. Data
limitations precluded accurate assessment of costs
associated with obesity, tobacco use, physical inactivity,
poor diet, and sleep (Supplemental Table 8). Our evalua-
tion of differences by racial and ethnic populations was
limited by the taxonomy adopted in the source data,
which may mask substantial within-group differences,
as have been noted in the non-Hispanic Black popula-
tion, Asian American population, and Hispanic American
population.323%40 Sample size limitations precluded sepa-
rate evaluation of the American Indian or Alaska Native
population, Native Hawaiian or Other Pacific Islander
population, and multiracial population, which have a dis-
proportionately high burden of cardiovascular risk fac-
tors and CVDS conditions. We were unable to assess
the cost of cardiovascular risk factors and CVDS con-
ditions in children with our cross-sectional approach
because the costs of these conditions typically mani-
fest many decades into the future. Given the salience of
understanding the economic burden of CVDS in children,
future studies should use a longitudinal costing approach
to project these costs. Our analyses do not include health
care costs for active-duty armed forces and the National
Guard/Reserves who are insured by TRICARE. Our esti-
mates do not include incarcerated populations, who are
known to have a higher prevalence of cardiovascular risk
factors than the general population.*’

The results of a model such as ours are dependent
on a series of assumptions about inputs and trends,
each of which is subject to error (Supplemental Table 8).
Given the substantial disruption to cardiovascular care
delivery in the early years of the COVID-19 pandemic,
we derived our clinical and cost inputs, including base-
line values and historical trends, using prepandemic
data. The pandemic produced short-term increases in
adverse cardiovascular and all-cause mortality,*>*3 but
whether it will lead to long-term changes in burden of
cardiovascular risk factors or CVDS remains uncertain.
Preliminary data suggest changes in health care—seek-
ing behavior, which may affect intermediate- to long-term
outcomes. Our analysis should be updated if future stud-
ies demonstrate persistent changes in risk factor burden
or outcomes related to the pandemic. At the same time,
major advances in prevention may lower the prevalence
of cardiovascular risk factors and CVDS conditions and
reduce associated costs in the future. For instance, the
projected economic burden of CVDS may be substan-
tially altered by widespread adoption of disruptive thera-
pies such as glucagon-like peptide-1 agonists that may
lower the prevalence of obesity and related metabolic
conditions and associated health care costs but, at least
in the short-term, markedly increase pharmaceutical
spending. Health care costs may also be altered by newer
models of care delivery such as telemedicine, the adop-
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tion of which has been accelerated by the COVID-19
pandemic.** Of note, inequitable adoption of new thera-
pies or technologies, often driven by cost-related barriers
to access, may exacerbate the disparities between the
major groups described here.

Our per-person cost estimates were not stratified by
race, ethnicity, or socioeconomic characteristics because
barriers to accessing care can falsely decrease costs
among groups who have historically been disenfran-
chised or excluded from care and thus give the false
impression that CVDS costs less in these groups. By
applying the same average costs across these groups,
we potentially mask both overuse and underuse among
individual groups, which is an important area for future
work. Because we were interested in population-level
outcomes, our per-person cost projections were based
on nationally representative mean costs. However,
patient-level health care costs are positively skewed, and
some individuals will accrue costs far greater than those
reported in the Table.

Our estimates do not include costs associated with
informal or unpaid caregiving, which can be substantial
among patients with a prior stroke and among individu-
als >80 years of age. Prior studies have estimated that
costs of informal caregiving for patients with CVDS rep-
resent an additional 11% of health care and productivity
costs attributable to CVDS, costing an estimated $64.3
billion in 2022 US dollars.*® Our estimates of morbidity-
related productivity losses did not include household
production losses. Productivity losses due to premature
mortality relied on correct capture of underlying cause
of death, which may underestimate the burden of cer-
tain cardiovascular conditions, particularly heart failure.*s
Furthermore, we may have substantially underestimated
CVDS-related future productivity losses if the long-term
growth in economic productivity exceeds current projec-
tions, particularly among older individuals.

We did not analyze overall health care costs but
focused on CVDS, which remain the leading causes of
morbidity and mortality in the United States. Although
our analysis was restricted to the US population, similar
increases in health care and societal costs of cardiovas-
cular risk factors and CVDS conditions are expected in
other countries, particularly in lower- and middle-income
countries that face a high burden of CVDS and limited
access to resources for prevention and treatment. Future
studies should develop international projections, which
may help drive global collaborative efforts to improve
cardiovascular prevention and control.

Conclusions

The economic burden related to cardiovascular risk
factors and overt CVDS is projected to increase substan-
tially in the coming decades. The development and deploy-
ment of cost-effective clinical and policy interventions to
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prevent CVDS and rein in CVDS-related costs should be
a public health priority. In doing so, careful attention must
be paid to the impact of these interventions in historically
disenfranchised groups to ensure that these interventions
do not exacerbate prevalent health care inequities.
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