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Abstract

Background—Spending on cardiovascular disease and cardiovascular risk factors 

(cardiovascular spending) accounts for a significant portion of overall US healthcare spending. 

Our objective was to describe US adult cardiovascular spending patterns in 2016, changes from 

1996 to 2016, and factors associated with changes over time.

Methods—We extracted information on adult cardiovascular spending from the Institute for 

Health Metrics and Evaluation’s disease expenditure project, which combines data on insurance 

claims, emergency department and ambulatory care visits, inpatient and nursing care facility stays, 

and drug prescriptions to estimate over 85% of all US healthcare spending. Cardiovascular 

spending (2016 USD) was stratified by age, sex, type of care, payer, and cardiovascular cause. 

Time trend and decomposition analyses quantified contributions of epidemiology, service price 

and intensity (spending per unit of utilization, e.g., spending per inpatient bed-day), and 

population growth and aging to the increase in cardiovascular spending from 1996 to 2016.

Results—Adult cardiovascular spending increased from $212 billion in 1996 to $320 billion in 

2016, a period when the US population increased by over 52 million people, and median age 

increased from 33.2 to 36.9 years. Over this period, public insurance was responsible for the 

majority of cardiovascular spending (54%), followed by private insurance (37%), and out-of-

pocket spending (9%). Health services for ischemic heart disease ($80 billion) and hypertension 

($71 billion) led to the most spending in 2016. Increased spending between 1996 and 2016 was 

primarily driven by treatment of hypertension, hyperlipidemia, and atrial fibrillation/flutter, on 

which spending rose by $42 billion, $18 billion, and $16 billion, respectively. Increasing service 

price and intensity alone were associated with a 51%, or $88 billion, cardiovascular spending 

increase from 1996 through 2016, whereas changes in disease prevalence was associated with a 
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37%, or $36 billion, spending reduction over the same period, after taking into account population 

growth and population aging.

Conclusions—US adult cardiovascular spending increased by >$100 billion from 1996 to 2016. 

Policies tailored to control service price and intensity and preferentially reimburse higher quality 

care could help counteract future spending increases due to population aging and growth.
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INTRODUCTION

While cardiovascular disease (CVD) remains the leading cause of death in the United States, 

CVD mortality rates have been decreasing since the 1960’s only to begin rising again in the 

last decade1–3. Despite this, the population of older Americans is increasing, and nearly half 

of US adults are expected to have CVD by 20354–7. Commensurate with the large CVD 

burden, the US spends over $320 billion annually (15% of healthcare spending) managing 

and treating CVD and cardiovascular risk factors (cardiovascular spending)8. A detailed 

accounting of cardiovascular spending in the US can guide policy and management 

decisions, but it is difficult to quantify spending due to the multiple US healthcare system 

payers and data sets.

Recent work examined US healthcare spending overall and key drivers of changes over time, 

but, to our knowledge, no prior studies applied these methods to a detailed analysis of 

cardiovascular spending8–15. The Institute for Health Metrics and Evaluation’s Disease 

Expenditure Project (DEX) estimates US healthcare spending stratified by health condition, 

age and sex group, type of care, and payer8–10. We used DEX to describe patterns of 

cardiovascular spending in US adults in 2016, cardiovascular spending changes from 1996 

to 2016, and to quantify key factors associated with cardiovascular spending changes over 

time.

METHODS

DEX estimates are publicly available on the Global Health Data Exchange (GHDx). The 

code used in the analysis is available upon request.

Data Sources

DEX Spending Data—Cardiovascular spending estimates came from the Institute for 

Health Metrics and Evaluations DEX project (Table I in the Supplement)8–10. DEX uses 

microdata from 5.9 billion unique insurance claims; 150.4 million ambulatory, dental, or 

emergency department visits; 1.5 billion inpatient and nursing care facility bed-days; and 5.9 

million prescribed pharmaceuticals to estimate 85.2% of all US healthcare spending from 

1996 to 2016 in 2016 US dollars (Table II in the Supplement). The spending that falls 

outside of the scope of the project includes home health care, durable medical equipment 

and non-durable medical products (including all over-the-counter medications, even those 

recommended by the American College of Cardiology for treatment of CVD16), government 

Birger et al. Page 2

Circulation. Author manuscript; available in PMC 2022 July 27.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



public health activities, unreimbursed charity care, and investments such as research and 

development. The spending captured in DEX is disaggregated into 154 health conditions, 38 

age and sex groups, seven types of care – ambulatory, inpatient, nursing care facility, 

emergency department, dental care, prescribed pharmaceuticals purchased in the retail 

setting, and overhead category for insurance companies’ administrative costs. DEX also 

disaggregates spending into three payer categories: (1) public insurance, which includes 

Medicaid, Medicare, Veterans Affairs, as well as spending by other Federal and local 

programs; (2) private insurance; and (3) self or family out-of-pocket. The methods used in 

DEX have been reported elsewhere; a summary can be found in the Supplemental Methods8.

As causes for cardiovascular spending, we included eight CVD health conditions included in 

the DEX analysis (ischemic heart disease, cerebrovascular disease, atrial fibrillation/flutter, 

endocarditis, peripheral arterial disease, aortic aneurysm, rheumatic heart disease, and an 

“other heart disease” category that includes predominantly non-rheumatic valvular disease), 

two cardiovascular risk factors (hypertension and hyperlipidemia), and heart failure 

(comprised of heart failure, cardiomyopathy, and hypertensive heart disease) (Tables III–V 

in the Supplement). We extracted spending and volume estimates for adults (age ≥20 years) 

from the DEX database for each cardiovascular cause of spending. DEX provides separate 

estimates for spending on clinical care and for the administrative costs of running health 

insurance programs. We removed the estimates of administrative costs from our analysis to 

focus on the dollars spent to provide clinical care.

Epidemiological Data—We obtained estimates of population and disease prevalence 

from 1996–2016 from the 2017 Global Burden of Disease (GBD) study, which is 

disaggregated into the same age and sex groups used in DEX17. Prevalence estimates were 

extracted for all cardiovascular causes other than aortic aneurysms, for which GBD only 

estimates deaths. Data from both GBD and DEX are deidentified and aggregated. A waiver 

of informed consent was reviewed and approved by the University of Washington 

Institutional Review Board.

Statistical Analysis

Cardiovascular Spending in 2016—Estimates of cardiovascular spending in 2016 were 

reported for 28 age and sex groups, five types of care, and the three payer types. GBD 

population estimates were used to calculate per capita cardiovascular spending. Absolute 

and per capita spending estimates were analyzed for variation across age and sex groups, 

types of care, payer, and cardiovascular cause.

Changes in Cardiovascular Spending Over Time—Cardiovascular spending for 

each year from 1996 through 2016 was analyzed to determine how spending has varied over 

time. Changes in absolute spending and population-standardized annualized rates of change 

were calculated from 1996 to 2016. Annualized rate of change is defined as the constant 

yearly rate that spending would need to change to produce the overall change in spending 

over a longer period of time. Population-standardized annualized rates are commonly used 

to describe the change in spending that is independent of background changes in population 

size, age, and sex structure that occur over time8, 10, 18. We standardized our annualized rates 
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using the 2016 population structure. To do this we multiplied the per person spending rate 

for each age and sex group for each cardiovascular cause of spending in 1996 by the 2016 

age and sex population structure to estimate what cardiovascular spending would have been 

in 1996 if the population were structured as it was in 2016. Annualized rates of change were 

then calculated to estimate the rate of change needed to go from the hypothetical 1996 

spending to the 2016 spending estimates.

Factors Associated with the Change in Cardiovascular Spending Over Time—
We applied standard demographic decomposition methods in the same manner as Dieleman 

et al. to determine factors associated with changes in cardiovascular spending from 1996 to 

201610, 19. We disaggregated the change in US healthcare spending into the changes 

associated with five factors: size of the total US population, age and sex structure of the 

population, disease prevalence, service utilization, and service price and intensity10, 19. 

Service utilization and service price and intensity are both defined differently for each type 

of care. For ambulatory and emergency care, service utilization is visits per prevalent case 

and service price and intensity is spending per visit; for inpatient and nursing home care, 

service utilization is number of bed-days per prevalent case and service price and intensity is 

spending per bed-day; and for retail pharmaceuticals service utilization is number of 

prescriptions per prevalent case and service price and intensity is mean spending per 

prescription10.

In the decomposition analysis, we estimated spending for each age, sex, cause, type of care, 

and year combination as the product of these five factors using population-level data derived 

from DEX and the 2017 GBD (Formula 1)10, 17, 19.

Spendinga, s, c, t, y = Populationy × Populationa, s, y
Populationy

× Prevalent Casesa, s, c, y
Populationa, s, y

× Encountersa, s, c, t, y
Prevalent Casesa, s, c, y

× Spendinga, s, c, t, y
Encountersa, s, c, t, y

(1)

Where a indicates age; s, sex; c, condition; t, type of care; and y, year.

Uncertainty Estimates—We estimated uncertainty using 1,000 bootstrap draws of the 

GBD 2017 and DEX8, 10, 17. We report the mean of the 1,000 bootstrap draws and defined 

the 95% confidence intervals (95% CI) as the 2.5th to 97.5th percentile.

All analyses were conducted using Stata version 13.1 (StataCorp), R version 3.31 (R 

Foundation), and Excel (Microsoft). All spending was adjusted for inflation before any 

modeling using the economy-wide consumer price index from the Bureau of Economic 

Analysis. All estimates are reported in 2016 US dollars.

RESULTS

Cardiovascular Spending in 2016

In 2016, total spending on cardiovascular care in US adults was $320.1 billion (95% CI 

$299.2 to $345.6 billion). More than half of cardiovascular spending was paid by public 

payers at $180.1 billion (95% CI $167.2 to $194.3 billion), followed by private payers at 
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$118.8 billion (95% CI $106.0 to $135.1 billion) and out-of-pocket spending at $21.2 billion 

(95% CI $17.0 to $25.7 billion) (Figure 1). Services for adults ≥65 years led to more than 

half of cardiovascular spending at $185.3 billion (95% CI $171.9 to $199.9 billion), 

followed by spending on adults aged 45 to 64 years at $113.3 billion (95% CI $104.3 to 

$125.9 billion) and adults aged 20 to 44 years at $21.4 billion (95% CI $20.0 to $22.8 

billion).

The majority of cardiovascular spending was on inpatient care at $129.4 billion (95% CI 

$114.9 to $151.8 billion), followed by ambulatory care, nursing facility care, and prescribed 

retail pharmaceuticals at $103.3 billion (95% CI $95.4 to $112.0 billion), $36.6 billion (95% 

CI $31.7 to $42.8 billion), and $35.8 billion (95% CI $34.7 to $37.1 billion), respectively. 

The three largest cardiovascular causes of spending overall were ischemic heart disease at 

$79.8 billion (95% CI $72.3 to $85.4 billion), treatment of hypertension at $70.7 billion 

($65.0 to $77.6 billion), and cerebrovascular disease at $37.6 billion (95% CI $33.8 to 42.0 

billion) (Table 1). Cerebrovascular disease was unique in that a significant portion of 

spending (36.4%, 95% CI 32.0% to 43.0%) was for nursing facility care, which includes 

acute rehabilitation services.

Total cardiovascular spending in 2016 was largest for those aged 60 to 64 years at $43.3 

billion (95% CI $38.5 to $52.1 billion), with cardiovascular spending decreasing each 

following five-year age group to spending $38.9 billion (95% CI $35.8 to $42.6 billion) on 

those 80–84 years (Figure 2). Total per capita cardiovascular spending follows a different 

trend, with each age group spending more per capita than its adjacent younger group. For 

example, those 60 to 64 years old spent $2,229 (95% CI, $1,983 to $2,681) per capita in 

2016, while those aged 85 and older spent $6,273 (95% CI, $5,782 to $6,873). Both total 

and per capita cardiovascular spending were higher for men across the majority of age 

groups. This additional spending was primarily due to increased inpatient care among men. 

Women age ≥80 years had higher cardiovascular spending than men ($43.6 billion [95% CI 

$39.8 to $47.5 billion] vs. $27.9 billion [95% CI $25.6 to $30.5 billion]), due mostly to 

increased nursing facility care. Unsurprisingly, public payers make up the majority of 

cardiovascular spending among those ≥65 years at 74.2% (95% CI 71.3% to 77.1%). 

However, public payers also comprise a significant portion across younger ages, making up 

31.7% (95% CI 26.6% to 37.5%) of cardiovascular spending for those aged 45 to 64 years. 

Similar patterns are seen when examining spending per capita.

Changes in Cardiovascular Spending Over Time

From 1996 to 2010, total cardiovascular spending increased from $211.7 billion (95% CI 

$206.6 to $217.6 billion) to $318.4 billion (95% CI $306.8 to $331.7 billion) (Figure 3). 

However, cardiovascular spending decreased from 2010 to 2013, before increasing again 

from $306.1 billion (95% CI $292.5 to $321.7 billion) in 2013 to $320.1 billion (95% CI 

$299.2 to $345.6 billion) in 2016. Additionally, after accounting for population growth and 

population aging over time, the annualized rate of change of cardiovascular spending from 

1996 through 2016 was 0.1% (95% CI −0.2% to 0.5%), relative to annualized rate of change 

of 2.6% (95% CI 2.6% to 2.6%) for all causes of US healthcare spending8.
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Change in cardiovascular spending from 1996 to 2016 varied by type of care (Figure 3). The 

total increase in spending was driven largely by ambulatory care and prescribed retail 

pharmaceuticals, which accounted for 50.0% (95% CI 44.9% to 56.1%) and 24.0% (95% CI 

21.0% to 27.4%) of the increase, respectively. While inpatient care accounted for the largest 

portion of cardiovascular spending each year, total spending on inpatient care was relatively 

flat over time. The change in cardiovascular spending over time did not vary greatly by 

payer. Both public payer and private payer spending increased slightly from 1996 to 2016, 

and out-of-pocket spending decreased proportionally.

Hypertension, hyperlipidemia, and atrial fibrillation/flutter were the conditions associated 

with the largest increases in overall spending between 1996 and 2016, at $42.1 billion (95% 

CI $36.6 to $48.9 billion), $17.9 billion (95% CI $16.0 to $20.7 billion), and $16.3 billion 

(95% CI $12.9 to $21.0 billion), respectively (Figure 4). These conditions, along with 

endocarditis, were also the fastest growing cardiovascular causes of spending after taking 

into account population changes. After accounting for growth population size and population 

aging over time, the annualized rate of change for treatment of hyperlipidemia was 5.0% 

(95% CI 4.4% to 5.6%), endocarditis was 4.4% (95% CI −1.1% to 9.9%), atrial fibrillation 

and atrial flutter was 3.2% (95% CI 2.3% to 4.1%), and treatment of hypertension was 2.6% 

(95% CI 2.2% to 3.1%), which compared to only 0.1% (95% CI −0.3% to 0.5%) for 

cardiovascular spending as a whole.

The increase in spending on ambulatory care over time was driven predominantly by 

treatment of hypertension, ischemic heart disease, and atrial fibrillation/flutter (Figure 4). 

The increase in spending on prescribed retail pharmaceuticals was largely due to treatment 

of hyperlipidemia. However, spending on pharmaceuticals for hyperlipidemia began 

decreasing in 2009, consistent with increased use of generically priced statins. Decreased 

inpatient spending on ischemic heart disease was offset by increased endocarditis and 

cerebrovascular disease spending. When accounting for population size and structure, 

cardiovascular spending on inpatient care decreased from 1996 to 2016, with a population-

adjusted annualized rate of change of −1.6% (95% CI −2.2% to −0.8%).

Factors Associated with Change in Cardiovascular Spending Over Time

Increased cardiovascular spending from 1996 to 2016 was associated with population 

growth and population aging and was partially offset by spending reductions associated with 

decreases in disease prevalence (Figure 5, Figures I–X in the Supplement). However, the 

details of these associations as well as the spending changes associated with service price 

and intensity and service utilization varied across cardiovascular causes and types of care. 

Changes in service price and intensity for ambulatory care was associated with a 

cardiovascular spending increase of 154.7% (95% CI 121.2% to 186.8%), or $53.2 billion 

(95% CI $44.0 to $62.2 billion), whereas decreasing pharmaceutical prices was associated 

with a spending reduction of 76.5% (95% CI 61.1% to 121.2%), or $14.0 billion (95% CI 

$10.7 to $22.3 billion). Decreased service utilization of inpatient care, meaning fewer bed-

days per prevalent case, was associated with spending reductions of 62.7% (95% CI 45.0% 

to 72.1%), or $83.0 billion (95% CI $53.2 to $72.6 billion), but overall inpatient 

cardiovascular spending increased from 1996–2016 due to spending growth associated with 

Birger et al. Page 6

Circulation. Author manuscript; available in PMC 2022 July 27.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



population growth, population aging, and increased service price and intensity. Across all 

types of care, increasing service price and intensity alone were associated with a 51.2% 

(95% CI 41.2% to 60.9%), or an additional $87.7 billion (95% CI $71.9 to $103.7 billion) 

dollars, spent on cardiovascular causes in 2016 relative to 1996.

DISCUSSION

Based on data from the Institute for Health Metrics and Evaluations DEX project, we 

estimated that cardiovascular healthcare spending for US adults was $320.1 billion in 2016. 

Cardiovascular spending increased from 1996 to 2016, primarily driven by increased 

spending on ambulatory care and prescribed retail pharmaceuticals. After accounting for 

background population growth and aging, increased service price and intensity together were 

responsible for an additional $88 billion dollars of cardiovascular spending in 2016 

compared to 1996.

Our estimate of total US cardiovascular spending is higher than the estimate reported in the 

most recent American Heart Association (AHA) annual report20. We estimated $307.1 

billion in cardiovascular spending in 2014, compared to the AHA’s $213.8 billion 

estimate20. This discrepancy may be due in part to the differences in data sources, scope, and 

methodology, such as a comorbidity adjustment used to create the DEX project’s estimates. 

The AHA uses the Medical Expenditure Panel Survey (MEPS), which only covers the non-

institutionalized civilian US population and does not account for the $36.6 billion nursing 

care facility spending included in our analysis. Additionally, the DEX project scales all 

estimates to fit within the overall envelope of the National Health Expenditure Accounts 

(NHEA), which are the official government estimates of health spending in the US. MEPS is 

known to underestimate health spending compared with the NHEA, and our estimates 

closely align with previous work using a similar framework14, 21. For example, Roehrig et 

al. independently attributed $294 billion to circulatory conditions in 2013, similar to our 

cardiovascular spending estimate of $306 billion spent that same year14.

Our findings add to previous work that attributes a large share of the slowdown in US 

healthcare spending growth through 2013 to a slowdown in cardiovascular spending12–14. 

We found that this slow growth continued through 2016. The slowing of growth for heart 

and cerebrovascular disease spending has been attributed to fewer acute events, changes in 

clinical practice (e.g., decline in coronary revascularization), improved treatment of CVD 

risk factors, decreased smoking rates, and generic medications becoming more 

available12–14, 22–24. Our analysis is consistent with these hypotheses, showing that inpatient 

spending growth was largely attenuated by decreasing disease prevalence and fewer bed-

days per prevalent case. We also found that decreased spending on prescribed retail 

cardiovascular pharmaceuticals played a substantial role in the overall trend of 

cardiovascular spending since 2010, consistent with increased use of generically priced 

statins.

Although our results reflect the shifting of some cardiovascular care from inpatient to 

ambulatory settings, we cannot quantify to what extent the overall slowdown in 

cardiovascular spending specifically can be attributed to these changes in clinical practice. 
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For example, spending on ambulatory care of ischemic heart disease increased by over $12 

billion from 1996 to 2016, while spending on inpatient care of ischemic heart disease 

decreased by over $14 billion over that same time period. We cannot quantify the change in 

this spending that is due to increased same-day discharge for elective percutaneous coronary 

interventions or use of “observation stays”25. Overall, the combination of medications going 

off-patent, a shift from inpatient care to ambulatory care, and improved treatment of risk 

factors that likely explains our finding that population-standardized cardiovascular spending 

grew more slowly than overall US healthcare spending.

Although cardiovascular spending on inpatient care grew at a slower rate relative to 

spending on other types of care, it did grow despite favorable epidemiologic trends and 

decreased service utilization. Reduced cardiovascular spending associated with fewer bed-

days per prevalent case of CVD was offset by increased spending per bed-day. This could 

reflect more efficient hospital stays. For example, it is well-established that the length-of-

stay for an admission for a myocardial infarction has decreased over time despite more 

aggressive treatment26–29. However, it may also suggest that the health system’s appetite for 

revenue is constant, such that more efficient clinical decision making and insurers’ efforts to 

curb utilization have triggered compensatory changes in services provided in the hospital 

and the amount charged for them. The question of which phenomenon is predominant, 

changes in price or changes in services provided, is not clear. For example, from 1998 to 

2008 Medicare fee-for-service claims for noninvasive testing and monitoring grew 

dramatically, with the number of claims for nuclear stress tests growing 3-fold and claims 

for echocardiograms growing 2-fold, and the appropriateness of these is debated30. A similar 

trend may be occurring in the inpatient setting. At the same time, hospital overhead costs 

have increased at a greater rate than medical inflation, so it may be that the cost of capital 

investments and the procurement of devices and equipment is being shifted onto patients in 

the form of higher facility fees and corresponding increases in spending per bed-day31. 

Additionally, examination is needed of the impact on cardiovascular spending of other 

changes in the way insurers have tried to mitigate increased costs (e.g., prior authorization 

and utilization reviews) and access to health insurance (e.g., approval and adoption of the 

Affordable Care Act).

It is difficult to project whether the trend of increased cardiovascular spending from 2013 to 

2016 will continue into future years. The increase in spending may be perpetuated by the 

approval of costly cardiovascular drugs in recent years, such as valsartan/sacubitril and 

proprotein convertase subtilisin/kexin type 9 (PCSK9) inhibitors, which have seen increased 

utilization since 2016. Additionally, the recent approvals of tafamidis for transthyretin 

amyloid cardiomyopathy, which comes at a cost of $225,000 per year and is the most 

expensive cardiovascular drug ever approved, and of icosapent ethyl, which costs around 

$4,800 per year, indicate that cardiovascular spending on pharmaceuticals may 

increase32–36. Finally, the favorable epidemiologic trends responsible for significant savings 

on inpatient care are changing and may be worsened as the number of elderly in the US is 

expected to rise significantly in coming decades3–5. Our finding that spending per bed-day 

increased from 1996 through 2016 (an increase in service price and intensity), coupled with 

the growing number of US adults living with cardiovascular disease, may lead to increased 

inpatient spending overall despite decreased utilization of inpatient cardiovascular health 
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services per prevalent case of CVD. This suggests that continued efforts to decrease hospital 

length of stay may be insufficient in controlling future inpatient cardiovascular spending. 

The difference between per capita cardiovascular spending on men and women also merits 

further investigation. The prevalence of ischemic heart disease among men in 2016 was 

65.6% higher than among women, explaining at least some of the variation, but higher 

spending for men may also reflect gender biases in both frequency of diagnostic work up for 

suspected cardiovascular disease and intensity of treatment of cardiovascular disease1, 37–40.

Limitations

This study has several limitations. First, we may overestimate ambulatory spending on 

hypertension due to misattribution of the primary clinical focus of individual office visits. 

This is because MEPS does not provide the primary diagnosis recorded by healthcare 

providers at clinical encounters and instead lists the causes in the order reported by the 

patient. We assumed the first listed diagnosis was the primary diagnosis. While a 

comorbidity adjustment in DEX usually accounts for some of the bias introduced by this 

assumption, treatment of hypertension is excluded from the adjustment. Second, spending on 

non-rheumatic valvular disease is included in the “Other cardiovascular causes” category 

and is not individually identifiable. The DEX causes were derived from the GBD cause list, 

which focuses on worldwide populations, and the global epidemiology of non-rheumatic 

valvular disease is quite different than in the US. Given the complex and costly 

interventions, future analyses would benefit from specifically identifying spending on non-

rheumatic valvular heart disease in the US. Third, spending on diabetes and obesity were 

excluded as cardiovascular causes from this study. Although DEX includes a comorbidity 

adjustment that redistributes excess spending on diabetes to comorbid conditions, including 

CVD, this likely does not fully address the overlap in spending on these diseases. With the 

advent of sodium-glucose cotransporter-2 (SGLT-2) inhibitors, which first demonstrated 

CVD benefit in 2015, the overlap in spending on diabetes and CVD will likely increase41. 

Future research examining spending on cardiometabolic disease, including obesity and 

diabetes, or that disentangles how much spending on obesity and diabetes can be attributed 

to cardiovascular spending is warranted. Fourth, we were unable to separate spending on 

procedures as a component of spending on medical care overall. Fifth, our study relies on 

survey data, which may miss outlier expensive but rare cases and also fails to represent 

certain populations by design. Sixth, the current study does not have information on the 

distribution of cardiovascular spending by geography or race and ethnicity, or spending after 

2016.

Conclusion

US adult cardiovascular spending increased substantially from 1996 through 2016, despite a 

slowdown in growth starting in the mid-2000s and a near-plateau in spending since 2010.

The results of this detailed analysis of cardiovascular spending indicate that CVD costs 

increased substantially despite decreased utilization of services by healthcare providers, and 

increases in service price and intensity (e.g., spending per inpatient bed-day) were a major 

reason. Efforts to control service price and intensity of healthcare services, as well as novel 
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approaches to incentivize prevention and high-value care, may be needed to contain 

anticipated increases in spending due to population aging and growth and increasing 

cardiovascular mortality in the US. Specific policy proposals would benefit from both cost-

effectiveness analyses and budget impact analyses in local health systems.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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CLINICAL PERSPECTIVE

1. What is new?

• Adult US cardiovascular spending (2016 USD) increased from $212 

billion in 1996 to $320 billion in 2016, with most growth occurring 

between 1996 and 2010; a slowdown in spending on prescribed 

retail pharmaceuticals and inpatient care tempered later growth.

• Although ischemic heart disease remained the largest cause of 

cardiovascular spending in 2016 ($79.8 billion), spending on 

hypertension ($70.7 billion), hyperlipidemia ($23.6 billion), and 

atrial fibrillation/flutter ($25.6 billion) grew at substantially faster 

rates.

• Increasing service price and intensity was associated with an $88-

billion-dollar cardiovascular spending increase from 1996–2016, 

whereas changes in disease prevalence was associated with a $36-

billion-dollar spending reduction.

2. What are the clinical implications?

• Factors associated with cardiovascular spending reductions from 

1996 to 2016 – namely decreasing disease prevalence, inpatient 

resource utilization, and pharmaceutical prices – may be unable to 

contain future cardiovascular spending increases due to new 

pharmaceuticals and cardiac devices, increased spending per 

inpatient bed-day, and an increasing population of older Americans.

• As shown by our analysis of ischemic heart disease, where costs rose 

despite large decreases in inpatient service utilization, policies 

designed to control service price and intensity (e.g., spending per 

inpatient bed-day) and promote high-quality, cost-effective care may 

better contain cardiovascular spending than policies designed to 

reduce inpatient length of stay.
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Figure 1. Total cardiovascular spending in 2016 by payer, age, type of service, and 
cardiovascular cause.
Notes: The figure shows the distribution of cardiovascular spending in 2016 by age, type of 

service, and cardiovascular spending cause (i.e., each column sums to the total 

cardiovascular spending in 2016). The first column shows the distribution of cardiovascular 

spending across age groups, and the pathways connecting the first and second columns 

indicate the cardiovascular spending by type of service within each age group. Similarly, the 

second column shows the distribution of cardiovascular spending across type of service, and 

the pathways connecting to the third column indicate the cardiovascular spending causes by 

type of service. The third column shows the distribution of cardiovascular spending by 

cardiovascular spending cause. “All other conditions” indicates all causes for which less 

than $10 billion was spent individually. All estimates are in 2016 USD.
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Figure 2. Total and per capita cardiovascular spending in 2016 by type of care and payer type.
Notes: This figures shows 2016 cardiovascular spending. Panel A shows billions of USD by 

sex and type of care. Panel B shows USD per capita by sex and type of care. Panel C shows 

billions of USD by sex and payer. Panel D shows USD per capita by sex and payer. The 

figure shows 2016 absolute and per capita spending for each age and sex group, 

disaggregated by type of care and payer.

Birger et al. Page 16

Circulation. Author manuscript; available in PMC 2022 July 27.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 3. Total US cardiovascular spending from 1996 to 2016 by type of care and payer type.
Notes: The figure shows cardiovascular spending over time, disaggregated by type of care 

(Panel A) and payer (Panel B). All estimates in 2016 USD.
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Figure 4. Absolute change and age-standardized annualized rate of change for total 
cardiovascular spending from 1996 to 2016.
Notes: The figure shows the absolute change in spending (Panel A) and age-standardized 

annualized rate of change (Panel B) from 1996 through 2016. Cardiovascular causes are 

ranked by absolute spending in 2016. Absolute change is millions of 2016 USD.
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Figure 5. Decomposition of changes in cardiovascular spending from 1996 to 2016.
Notes: Figure shows the results of the decomposition analysis for the six largest causes of 

cardiovascular spending in 2016 as well as all cardiovascular causes cumulatively. The 

change associated with each factor is independent of the change associated with all other 

factors. All estimates are in 2016 USD.
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